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EXECUTIVE SUMMARY 

Diisononyl phthalate (DINP) does not meet the standard for listing under Proposition 65 

as a carcinogen. The weight-of-evidence is that, while high doses of DINP cause tumors in 

rodents, the specific tumor types are widely known to be not relevant to human cancer hazard 

assessment.  

In an attempt to assist the Science Advisory Board Carcinogen Identification Committee (CIC) 

in its consideration of DINP, OEHHA staff prepared a Hazard Identification Document (HID) on 

DINP. OEHHA failed in that attempt as the HID shockingly does not provide a balanced and 

complete summary by which the CIC may make a weight-of-evidence determination. It 

consistently fails to recognize the breadth and depth of available scientific literature that 

exhaustively shows the lack of human relevance and/or biological significance of the rodent 

observations. The HID also engages in speculation about possible alternative mechanisms of 

action in rodents. These hypotheses are irrelevant to the weight-of-evidence evaluation before 

the CIC. 

These comments counter the bias and omissions of the HID and demonstrate that, under a 

rigorous and balanced weight-of-evidence approach, the data demonstrate that DINP does not 

cause cancer in humans and therefore, the CIC should conclude that DINP should not be listed 

under Proposition 65. In the event the CIC does not believe it can adequately review the 

information herein and the associated literature in a thoughtful manner by December 5, thereby 

concluding that DINP should not be listed as a carcinogen, we urge that the CIC delay 

consideration of DINP until a more complete and balanced HID can be produced. 

With respect to the data, the weight-of-evidence shows: 

 Liver tumors are not relevant to human cancer hazard assessment. These were observed 

in rodents chronically exposed to high doses of DINP. However, these tumors arose 

through the rodent-specific PPARα activation pathway, widely understood to be not 

relevant to humans. 

 Kidney tumors are not relevant to human cancer hazard assessment. These were observed 

only in male rats exposed to high doses of DINP. However, as recognized by all other 

reviewers, these tumors arose through the male rat specific alpha-2u-globulin mechanism, 

widely understood to be not relevant to humans.  

 Mononuclear cell leukemia (MNCL) is not relevant to human cancer hazard assessment. 

This finding in this strain (male F-344 rats) is so frequent in both controls and treated 

animals that the National Toxicology Program (NTP) has discontinued use of the strain. 

It is widely understood to be not relevant to humans.  

 Testicular, uterine and pancreatic tumors highlighted in the HID were not present at 

statistically significantly increased levels and were each within historical control levels. 

Testicular and uterine tumors were seen in only a single study. Pancreatic tumors were 

seen only in male rats in that same study and high-dose female mice in another study.  

These points are fully supported in the provided comments and demonstrate that the 

DINP data cannot justify listing DINP as “known to the State to cause cancer.” 
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INTRODUCTION 

These comments are submitted on the Hazard Identification Document (HID) for 

diisononyl phthalate (DINP), prepared by the Office of Environmental Health Hazard 

Assessment (OEHHA) for the Proposition 65 Carcinogen Identification Committee (CIC).
1
 The 

CIC is scheduled to consider DINP for listing as “known to the State to cause cancer” on 

December 5, 2013.
2
 Such listing is subject to the provisions of the Safe Drinking Water and 

Toxic Enforcement Act of 1986 (Proposition 65), Health and Safety Code section 25249.5 et seq.  

ExxonMobil strongly believes that, under a rigorous and balanced weight-of-evidence approach, 

the data demonstrate that DINP does not cause cancer in humans and therefore that the CIC 

should conclude that DINP should not be listed under Proposition 65. The HID has identified 

studies where animals developed tumors and were exposed to DINP; however, the HID 

consistently fails to also recognize the breadth and depth of available scientific literature that 

exhaustively addresses the lack of human relevance and/or biological significance of these 

observations. The HID also engages in speculation about possible alternative mechanisms of 

action in rodents. These hypotheses are irrelevant to the weight-of-evidence evaluation before 

the CIC. 

Based only on the HID and the papers it cites, the CIC cannot make a well-considered, 

weight-of-evidence assessment of the available science on which to base its determination. The 

comments provided here, to the extent possible in the very short comment period provided, 

redress the imbalance of the HID to provide a weight of the evidence resource to assist the CIC. 

In the event the CIC does not believe it can adequately review the information herein in a 

thoughtful manner by December 5, thereby concluding that DINP should not be listed as a 

carcinogen, we urge that it delay consideration of DINP until a more complete and balanced HID 

can be produced, and the CIC has a more reasonable period of time to assess such a large, 

complex database. 

A close look at the DINP data shows that all tumor types but the liver tumors, discussed 

further below, can be immediately dismissed:  

 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data 

are available to show that all International Agency for Research on Cancer (IARC) criteria 

for this mechanism are met. Therefore, these tumors are not relevant to humans and do not 

support listing DINP as “known to the State to cause cancer.”  

 

 Mononuclear cell leukemia (MNCL) has been observed only in male Fischer 344 (F-344) 

rats – a finding in this strain so frequent in both controls and treated animals that the National 

Toxicology Program (NTP) has discontinued use of the strain, and multiple expert bodies 

                                                 
1  Tomar R, Budroe J, Cendak R (2013). Evidence on the Carcinogenicity of Diisononyl Phthalate (DINP), OEHHA 

Reproductive and Cancer Hazard Assessment Branch, 

http://www.oehha.ca.gov/prop65/hazard_ident/pdf_zip/DINP_HID100413.pdf. 

2  Id.; OEHHA, Announcement of the Carcinogen Identification Committee Meeting Scheduled for December 5, 2013 and the 

Availability of Hazard Identification Documents for Butyl Benzyl Phthalate and Diisononyl Phthalate [10/04/13], 

http://www.oehha.ca.gov/prop65/public_meetings/100413MeetingHazIDmats.html. 

http://www.oehha.ca.gov/prop65/hazard_ident/pdf_zip/DINP_HID100413.pdf
http://www.oehha.ca.gov/prop65/public_meetings/100413MeetingHazIDmats.html
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have questioned its relevance to humans. Thus, these tumors are not relevant to humans and 

do not support listing of DINP as “known to the State to cause cancer.” 

 

 The testicular and uterine tumors were not statistically significant and each was seen only in 

one sex in a single study of a form of DINP that was never commercially developed 

(Bio/dynamics, 1986).
 3

 The pancreatic tumors also were not statistically significant and were 

seen only in male rats in that same study of a non-commercial product and in female mice in 

Moore (1986b). The incidence of these three tumor types in each case was within historical 

control levels, and none of these tumors was replicated in the other studies that have been 

conducted. Thus, these tumors do not support listing of DINP as “known to the State to cause 

cancer.” 

 

With respect to the liver tumors, there is a very large database demonstrating that these 

tumors are caused by a mode of action not relevant to humans. The mode of action involves the 

peroxisome proliferator activated receptor alpha (PPARα). A strong consensus was developed in 

the scientific community in the late ‘90’s and early ‘00’s that tumors caused by this mode of 

action in rodents are not relevant to humans (e.g. IARC, 1995; Klaunig et al., 2003). Some recent 

papers have called this conclusion into question, but the weight-of-evidence , specifically for 

DINP, continues to support the conclusion that these tumors are not relevant to humans. Despite 

numerous reviews, no regulatory body anywhere in the world has regulated or classified DINP as 

a potential cancer hazard based on the liver tumors (or any other tumor).  

The complete database for the issue of the PPARα mode of action in rodents and its 

relevance to human assessment consists of hundreds of studies and reviews developed over the 

past three-plus decades. The studies include chronic and subchronic studies in rodents, non-

human primates, and other laboratory species; pharmacokinetic and pharmacodynamics studies; 

various sophisticated in vitro assays; clinical studies (because fibrate drugs are potent PPARα 

agonists); and a number of reviews of the issue have been undertaken by expert bodies. Many 

years and tens of millions of dollars have been spent by numerous investigators amassing this 

body of scientific evidence. Understanding this large body of data, and why it supports the 

conclusion that rodent liver tumors due to PPARα are not relevant to humans, requires great 

effort and a very deep dive into highly-specialized toxicology. Other independent bodies have 

taken months to evaluate this data before concluding that DINP should not be classified or 

regulated based on the rodent liver tumors (or any other tumors).  

The HID, unfortunately, is completely inadequate to support the CIC’s weight-of-

evidence evaluation of the rodent liver tumors. It also fails to provide a sound basis for 

evaluating any of the other tumors observed in the rodent studies. Many key studies are not 

discussed in the HID, and others are inadequately discussed or even misrepresented. OEHHA 

staff may not consider the missing information sufficient to alter its views, but that is not the test 

for inclusion. The CIC should have access to this information. Nor has OEHHA given the CIC 

anywhere near enough time to assemble and examine the relevant data on its own. 

                                                 
3  As correctly stated in the HID (p. 6), the substance tested in Bio/dynamics (1986) -- Santicizer 900, CAS no. 71549-78-5 – 

has never been produced on a commercial scale. The commercial DINPs are CAS nos. 68515-48-0 and 28553-12-0.  
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To support and facilitate the CIC’s deliberations, these comments are divided into four 

parts. Overall, we note that many of the flaws in the HID could have been easily avoided simply 

by using information that was supplied by ExxonMobil in 2010, and/or that is readily available 

in reviews by other independent bodies. The HID’s failure to include such information is 

inexplicable. 

Part 1 of these comments explains how and why the HID is completely inadequate to 

enable the CIC to conduct a weight-of-evidence evaluation. Numerous relevant studies are 

missing from the HID, and a number of statements in the HID are demonstrably wrong or 

misleading. The HID describes other governmental assessments in biased and misleading ways, 

citing only those portions that support points made in the HID, and omitting mention of portions 

that contradict the HID. The HID also presents hypotheses as if they were known facts, which 

creates an entirely misleading impression of the strength of the evidence on those particular 

points.  

The CIC needs to review the complete database to understand why the tumors observed 

in rodents (but not in primates) are not relevant to humans. ExxonMobil has presented the CIC 

with an opportunity to do that through these comments, a thorough review of which will 

inevitably lead to the conclusion that DINP should not be listed under Prop 65 as “known to the 

State to cause cancer.”  

Part 2 of these comments presents an overview of the weight-of-evidence , showing how 

it supports the conclusion that neither the liver tumors nor any other rodent tumors cited by 

OEHHA in the HID support listing DINP. This overview identifies a number of the studies 

overlooked by OEHHA, corrects some of the misstatements in the HID, and, importantly, shows 

how many other authoritative bodies have reached the same conclusions presented in these 

comments.  

Part 3 of these comments is a deeper dive into the science, providing information 

necessary to enable a more robust weight-of-evidence evaluation. It presents a section-by-section 

review of the HID in light of all the available data on DINP to assist the CIC in understanding 

the full body of evidence.  

Part 4 is a copy of a substantive information document with expert opinions attached, 

which was submitted by ExxonMobil to OEHHA in 2010. It discusses the relevant science in 

considerable detail, including many peer-reviewed articles and key points that were overlooked, 

incompletely discussed, or inaccurately presented in the HID. 

The listing of a substance under Proposition 65 is an important decision that needs to be 

rigorously justified. For DINP, unlike many other substances that come before the CIC, it is not a 

straightforward question of, Does the chemical cause tumors in animals? It is a deeply 

researched question of, Are the tumors observed in animals relevant for human cancer hazard 

assessment? That means a decision must be based on all relevant evidence, presented in a sound, 

objective manner in an unbiased scientific document, and the CIC must have sufficient time to 

consider that information in its entirety.  
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Here, the HID falls short of the mark. It is so severely deficient that it does not provide a 

sound basis for CIC deliberations with respect to any of the animal tumors that are discussed. 

Further, the schedule set by OEHHA does not give the CIC time to correct for the errors and 

omissions in the HID and otherwise do its job. 

For the reasons given herein, the CIC should find that the weight-of-evidence does not 

support listing of DINP as “known to the State to cause cancer.” If it is not able to do so on 

December 5, we ask that, for the reasons set forth in greater detail in these comments, the CIC 

direct OEHHA to rewrite its HID for DINP, and that the CIC defer its evaluation of DINP for 

possible listing until an adequate HID has been prepared and made available for public comment.  
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PART 1 

 

THE HID DOES NOT PROVIDE A SOUND BASIS FOR THE CIC’S DELIBERATIONS 

Parts 2, 3 and 4 of these comments explain why the weight-of-evidence is that DINP 

should not be listed as known to cause cancer, because the tumors observed in rodent studies are 

not relevant for human hazard assessment. In this Part 1 we explain why it is necessary for the 

CIC to carefully consider that information, given the many inadequacies of the HID. 

In materials submitted in February, 2010 (Part 4 of these comments), ExxonMobil noted 

the complexity of the DINP database and urged OEHHA to provide more than  two weeks for 

CIC members to review and understand the public comments on OEHHA’s hazard identification 

document (HID) for DINP. As it turns out, the situation is even more serious than ExxonMobil 

anticipated. The HID is so severely deficient that it does not provide a sound basis for CIC 

deliberations with respect to any of the animal tumors that are discussed. ExxonMobil, in these 

comments, has attempted to complete OEHHA’s job for them, by providing a thorough review of 

all the available scientific data.  

Examples of the HID deficiencies are discussed below and listed in the following exhibits 

in terms of their scientific and legal process flaws. 

Scientific flaws in the HID 

 

In general, the HID deficiencies include the following: 

 Pertinent references are missing from the HID. Many references found in Part 3 but 

missing from the HID are cited in one or more governmental reviews cited in the HID. 

Further, many were provided in ExxonMobil’s February 2010 response to the data call-in for 

DINP. Thus, OEHHA staff had ready access to these references and their relevance cannot 

seriously be disputed, but OEHHA failed to include them in the HID. For example, the HID 

fails even to acknowledge highly relevant primate data that show no signs of neoplastic or 

preneoplastic lesions at very high doses, and in vitro studies in primate and human cells that 

show no evidence of PPARα activity. The exclusion of such information from a document 

that purports to address all data relevant to a weight-of-evidence assessment is inexplicable. 

 

 The HID contains statements that are demonstrably false or misleading. In some instances, 

these errors and omissions may reflect misunderstanding of the science by the HID’s 

authors. In other instances, the errors and omissions are unexplainable, because more 

complete and accurate discussions of the relevant data were readily available to OEHHA 

staff in various governmental assessments cited elsewhere in the HID and also were 

presented in ExxonMobil’s 2010 submission. For example, the HID labels each of the 

testicular, uterine and pancreatic tumors as rare, but historical control data shows the treated 

tumor incidences to be within the historical control range. 

 

 Prior governmental assessments of DINP are cited in the HID in a biased and misleading 

fashion. The HID cites only those portions of the assessments that support a given 

conclusion, and omit any mention of portions that contradict the opinions presented in the 
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HID. For example, the HID reports the conclusions of the EPA (2005a;b) with respect to 

liver tumors and MNCL (judgment reserved), but not as to kidney tumors (not relevant).  

 

 The HID misleadingly presents hypotheses and speculation as if they were fact. The 

confusion of hypothesis with fact is easily recognizable to one familiar with the underlying 

data. To one unfamiliar with the underlying data, however, these statements could be highly 

misleading, and give a much distorted impression of the strength of the available scientific 

evidence on the particular points addressed in the HID. For example, the HID posits that 

TNFα and/or inhibition of gap-junction intracellular communication may be alternative 

cancer mechanisms to PPARα, when in fact they are linked to PPARα induction. 

 

The foregoing points are illustrated with further examples below in Part 2, and yet further 

examples are given in the Part 3 section-by-section critique.  

The CIC is charged with making a weight-of-evidence determination based on 

consideration of all relevant information.
4
 The database for DINP is unusually extensive and 

demands analysis of highly detailed toxicological information. To support the CIC review, the 

OEHHA document must provide a complete and unbiased presentation of all relevant 

information, leaving it to the CIC members to determine what weight should be given to each 

piece of information. The OEHHA document fails entirely to do that. Rather, the HID strongly 

exhibits a prejudgment that DINP should be listed as a carcinogen, and OEHHA staff appears to 

have taken on the role of advocates, selectively including or excluding information and 

presenting the information in a biased and incomplete manner to support that prejudgment. 

Further, apparently only articles cited in the HID are being provided to the CIC. See HID p. ii. 

The many authoritative, peer-reviewed papers cited in our 2010 submission (Part 4) do not 

appear to have been reviewed by OEHHA or provided to the CIC, and none of these papers have 

been requested of ExxonMobil since our 2010 submission. 

The HID Executive Summary and Conclusions are particularly flawed. Those sections 

present one-sided, superficial and misleading recitations of data that might be construed as 

evidence of potential carcinogenicity, with absolutely no indication of the significant body of 

evidence that observed tumors have no relevance to humans. These portions of the OEHHA 

document should be disregarded entirely.  

The body of the HID is no less biased. This is particularly evident in the selective way 

that it invokes structure activity relationships, and by the data that is left out entirely. 

Comparisons to low molecular weight phthalates are drawn when convenient, and ignored when 

not. Epidemiology studies of fibrate drugs, which are more potent PPARα-agonists than DINP, 

are not mentioned at all. Nor are primate studies and in vitro studies in human and primate cells 

using the monoester discussed. OEHHA staff may not consider this information sufficient to 

alter its views, but that is not the test for inclusion.  

                                                 
4  “In evaluating the sufficiency of available data, a ‘weight-of-evidence’ approach shall be used to evaluate the body of 

information available for any given chemical. The body of evidence shall include all evidence bearing on the issue of 

carcinogenicity shown through scientifically valid testing according to generally accepted principles.” Guidance Criteria for 

Identifying Chemicals for Listing as “Known to the State to Cause Cancer,” Principle 1.C (March 2001), [herein “Guidance 

Criteria”], http://www.oehha.ca.gov/prop65/policy_procedure/pdf_zip/revcriteria.pdf. 

http://www.oehha.ca.gov/prop65/policy_procedure/pdf_zip/revcriteria.pdf
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The discussion of male rat kidney tumors is particularly egregious. The HID ignores 

entirely the U.S. Environmental Protection Agency (EPA) criteria for determining human 

relevance, and focuses only on the IARC criteria. The conclusion that the IARC criteria are not 

met is reached by focusing on only a subset of available studies, and ignoring follow-up studies 

that closed the gap. All of this was explained in ExxonMobil’s prior comments (Part 4, Section 

IV.C), and in evaluations of other authoritative bodies cited in the HID (see Part 3, Section 

V.G).
5
 Of particular relevance to the current review, the U.S. Consumer Protections and Safety 

Commission’s Chronic Hazard Advisory Panel on DINP (CHAP) found the kidney tumors to be 

the result of the alpha-2u-globulin mechanism (CPSC, 2001). As part of reaching that 

conclusion, Lauren Zeise, a member of the CHAP and a reviewer for the current HID, carefully 

reviewed the data and joined the other panel members in the conclusion that the observed kidney 

tumors are not relevant to humans.
6
 The decision to now ignore the information from the 

previous evaluations and instead, by focusing on an incomplete set of studies, opine that DINP 

does not meet the IARC criteria is astonishing. 

Yet another example of a misunderstanding that can mislead a reader is the discussion of 

liver cell proliferation as it relates to PPARα induction. Cell proliferation is a rapid response 

observed only during the liver growth phase. The HID misses this point entirely, and wrongly 

discounts ExxonMobil data because cell proliferation was seen only at early times in the 

experiments. But that is exactly what one would expect. Also, when discussing an alternate 

mechanism of action, OEHHA staff rely on in vitro data using the phthalate diester as the test 

compound, without mentioning the doubtful relevance of this data, clearly recognized in the 

published literature (see, e.g., McKee, 2004; Harris et al., 1997), because of DINP’s rapid 

metabolism to the monoester in vivo. Many other deficiencies in OEHHA’s analysis of rodent 

liver tumors are identified in the more detailed comments provided in Part 3 of these comments.  

The discussion of potential estrogenicity is based on an in vitro study using the diester, 

again ignoring that even the authors (Harris et al., 1997) cautioned that in vitro data using the 

diester may be misleading. Published in vivo data (Zacharewski et al., 1998) that showed DINP 

is not estrogenic in intact rodents is not even cited. OEHHA’s suggestion of a possible risk of 

testicular cancer is based largely on the so-called, hypothetical testicular dysgenesis syndrome 

(TDS), but the HID fails to disclose that no investigator has reported that DINP causes the four 

conditions purported to be associated with TDS: testicular germ cell cancer, cryptorchidism, 

hypospadias or reduced sperm count, and key studies once again are not cited. 

                                                 
5  For example, the EPA Technical Review (cited in the HID as USEPA, 2005a) states: “Evidence for alpha-2u-globulin 

nephropathy was obtained in the retrospective evaluation of archived kidney tissue from the second study. The data obtained 

in these studies were evaluated against published criteria for evaluating male-specific nephropathy and its relevance to 

human health. The results of this evaluation indicated that: (1) all three EPA criteria for existence of the alpha-2u-globulin 

mode of action were met; (2) six of the seven International Agency for Research on Cancer (IARC) criteria for existence of 

the alpha-2u-globulin process were met; and (3) EPA has not found other information or data to suggest that another mode 

of action is likely to be involved. Based on this evaluation, the Agency believes that DINP-induced kidney tumors are 

associated with a male rat-specific mode of action involving alpha-2uglobulin accumulation in the kidney and are therefore 

not relevant to human health.” 

6  See CHAP (2000a) pp. 125-130 (Zeise will look at the data and see if the EPA criteria met); CHAP 2000b, pp. 217-219 

(after discussion, the Panel unanimously voted to find that the kidney tumors were due to alpha-2u-globulin); CHAP 

(2000c), p. 248 (“MS. ZEISE: Yeah, for the rat but not, you know, related to alpha-2. And you’re already reached that. For 

the male rat, right, aren’t we buying the alpha-2? I thought we voted on that. … CHAIRMAN BOGEN: Yes.”). 
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The HID discussion of MNCL incidence in F-344 rats is equally incomplete and 

misleading. The HID fails to disclose that NTP has stopped using this rat strain in part because 

the spontaneous incidence of this finding is so high. And while the HID cites papers suggesting 

MNCL may have a human counterpart, it does not point out that a weight-of-evidence approach 

is called for, nor provide a basis for making a weight-of-evidence determination for DINP.  

Legal process flaws 

  

Selective and biased presentation of scientific information is a classic marker for arbitrary 

and capricious agency conduct. The Supreme Court of California has articulated the need for 

“agency action that is reasonable, rather than arbitrary, capricious, or lacking evidentiary 

support.” Cal. Hotel & Motel Ass'n v. Indus. Welfare Comm'n (1979) 25 Cal.3d 200, 211. The 

U.S. Supreme Court has made clear that to avoid acting in an arbitrary and capricious manner, 

“[an] agency must examine the relevant data and articulate a satisfactory explanation for its 

action including ‘a rational connection between the facts found and the decision made.’” Motor 

Vehicle Mfrs. Ass’n of U.S., Inc. v. State Farm Mut. Auto. Ins. Co., 463 U.S. 29, 43 (1983) 

(internal citations omitted). Similarly, the California Supreme Court has stated unequivocally 

that “A court must ensure that an agency has adequately considered all relevant factors, and has 

demonstrated a rational connection between those factors, the choice made, and the purposes of 

the enabling statute.” Cal. Hotel & Motel Ass'n 25 Cal.3d at 212. An agency cannot meet that 

minimum standard where, as here, the relevant legal standard (and generally-accepted scientific 

principles) expressly call for a weight-of-evidence determination based on consideration of all 

relevant information, and a large body of relevant data has not even been presented.  

Under California Government Code § 11518, providing for the form and content of the 

decision of an administrative agency, “the findings must be sufficient to enable the reviewing 

court to determine that the agency necessarily found necessary facts to support its determination 

of the issues.” Kirby v. Alcoholic Beverage Control Appeals Board (1969) 3 Cal.App.3d 209, 

218; see also Savelli v. Board of Medical Examiners (1964) 229 Cal.App.2d 124, 134 (same); 

Aantex Pest Control Co. v. Structural Pest Control Bd. (1980) 108 Cal.App.3d 696, 704 (same). 

In this context, “sufficient findings” and “necessary facts” mean a weight-of-evidence 

determination based on all relevant information, which the HID does not provide. And while 

courts typically are reluctant to second-guess agency scientific judgments absent a clear error of 

judgment, it is still true that a court will examine the administrative record to ensure the legal 

integrity of the process, and will do so even in highly technical cases. To that end, it is well-

accepted that a “reviewing court must assure itself that the agency decision was ‘based on a 

consideration of the relevant factors.’ Moreover, it must engage in a ‘substantial inquiry’ into the 

facts, one that is ‘searching and careful.’ This is particularly true in highly technical cases such 

as this one.” Ethyl Corp. v. EPA, 541 F.2d 1, 34-35 (D.C. Cir. 1976) (internal citations omitted). 

Therefore, a court will examine the record to ascertain whether, for example, important and 

legally relevant information has been wrongfully withheld, and will set aside agency action 

where that has occurred. Thus, “‘where, as here, an agency justifies its actions by reference only 

to information in the public file while failing to disclose the substance of other relevant 

information that has been presented to it, a reviewing court cannot presume that the agency has 

acted properly, but must treat the agency’s justifications as a fictional account of the actual 

decision making process and must perforce find its actions arbitrary.’” Elcon Enters. Inc. v. 
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Wash. Metro. Area Transit Auth., 977 F.2d 1472, 1481 (D.C. Cir. 1992) (quoting Home Box 

Office v. FCC, 567 F.2d 9, 54-55 (D.C. Cir. 1992)). 

Further, by failing to present, and instead affirmatively withholding, a large body of 

relevant evidence that is necessary for the CIC to perform a weight-of-evidence assessment, 

OEHHA is failing to follow its own rules that require CIC listing recommendations to be based 

on all relevant information.
7
 This is another basis for setting a regulatory action (such as a listing 

decision) aside. “The Accardi doctrine [United States ex rel. Accardi v. Shaughnessy, 347 U.S. 

260 (1954)] requires federal agencies to follow their own rules, even gratuitous procedural rules 

that limit otherwise discretionary actions. ‘Courts, of course, have long required agencies to 

abide by internal, procedural regulations . . . even when those regulations provide more 

protection than the Constitution or relevant civil service laws.’” Steenholdt v. FAA, 314 F.3d 

633, 639 (D.C. Cir. 2003) (quoting Doe v. United States Dep’t of Justice, 753 F.2d 1092, 1098 

(D.C. Cir. 1985)). No lesser standard should apply to California agencies. Here, the selective and 

biased presentation of scientific information undermines entirely the proper purpose of the HID, 

and renders it deficient to support a weight-of-evidence determination by the CIC based on all 

relevant information. As the HID (p. ii) states, “OEHHA developed this document with 

information on the possible carcinogenicity of diisononyl phthalate to assist the CIC in its 

deliberations on whether or not the chemical should be listed under Proposition 65.” A document 

that provides only some of the information, and in a selective manner, is a hindrance rather than 

a help to a fair and sound scientific review. Further, the unduly and unnecessarily compressed 

schedule set by OEHHA precludes any possibility that CIC members could review original 

papers and cure even the most egregious deficiencies in the HID on their own.  

Further still, the public has a right to “an honest and impartial government.” County of 

Nevada v. MacMillen, 11 Cal.3d 662, 672 (1974). While this principle is typically espoused with 

respect to financial matters, it is equally important for administrative processes to promote public 

health and safety. Proposition 65 is intended to serve the public interest.
8
 Proposition 65 labeling 

has the effect of directing manufacturers and consumers away from a chemical that is labeled as 

causing cancer. If the chemical in fact poses no actual cancer hazard, this is not to the public 

benefit and may in fact have perverse consequences, such as substitution with a chemical that is 

not as yet well studied but may in the future be shown to pose greater and more probable 

hazards. If the government presents a biased and one-sided view of the data, as with the HID, the 

public is deprived of its right to an honest and impartial government. 

                                                 
7  See Guidance Criteria, note 3, supra. 

8  Any person may bring a Proposition 65 action “in the public interest.” Health & Safety Code §25249.7(d). 
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Conclusion 

 

Given the many deficiencies in the HID, it is essential that the CIC carefully consider the 

additional information in the literature, as discussed in the comments. Such a careful 

consideration should lead the CIC to determine that DINP should not be listed under Prop 65. 

In the event that the CIC does not believe it can adequately review the extensive database 

of information on DINP to allow an unbiased weight-of-evidence determination on December 5, 

then a highly reasonable course of action would be for the CIC to direct OEHHA to rewrite its 

document in a fair and objective manner, including all relevant information, and provide all 

relevant papers. A revised document should be made available for public comment, after which 

the CIC should have at least four weeks to consider the revised document and all public 

comments. This course of action may be essential to ensure the fairness and integrity of the 

listing process.  
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PART 2 

 

THE WEIGHT-OF-EVIDENCE SHOWS DINP IS NOT A HUMAN CARCINOGEN 

 

ExxonMobil strongly believes that, under a rigorous and balanced weight-of-evidence 

approach, the data demonstrate that DINP does not cause cancer in humans and therefore that the 

CIC should conclude that DINP should not be listed under Proposition 65. The HID has 

identified studies where animals developed tumors and were exposed to DINP; however, the 

HID consistently fails to also recognize the breadth and depth of available scientific literature 

that exhaustively addresses the lack of human relevance and/or biological significance of these 

observations. A more complete review of the database reveals that all tumor types but the liver 

tumors can be immediately dismissed, and that the liver tumors in rodents are due to a species-

specific mechanism and therefore not relevant to human hazard assessment. 

As detailed below: 

 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, 

data are available to show that all IARC criteria for this mechanism are met. 

Therefore these tumors are not relevant to humans and do not support listing DINP as 

“known to the State to cause cancer.”  

 MNCL has been observed only in male F-344 rats – a finding in this strain so 

frequent in both controls and treated animals that NTP has discontinued use of the 

strain, and multiple expert bodies have questioned its relevance to humans. Thus, 

these tumors are not relevant to humans and do not support listing of DINP as 

“known to the State to cause cancer.” 

 The testicular and uterine tumors were not statistically significant and were seen only 

in a single study of a form of DINP that was never commercially developed 

(Bio/dynamics, 1986). The pancreatic tumors also were not statistically significant 

and were seen only in male rats in that same study of a non-commercial product and 

in female mice in Moore (1986b). The incidence of these three tumor types in each 

case was within historical control levels, and none of these tumors was replicated in 

the other studies that have been conducted. Thus, these tumors do not support listing 

of DINP as “known to the State to cause cancer.” 

 With respect to the liver tumors, there is a very large database concerning PPARα. A 

strong scientific consensus that liver tumors produced by PPARα were not relevant to 

humans has been developed in the scientific community. Some recent papers have 

called this conclusion into question. Understanding of these newer data and why they 

do not reverse the conclusion that liver tumors due to PPARα are not relevant to 

humans requires a deep dive into highly-specialized toxicology not provided by the 

HID. These comments, however, provide a concise summary of the missing 

information evidencing that DINP should not be listed under Prop 65 as “known to 

the State to cause cancer.” 
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 We provide in this section an overview of the carcinogenicity data for DINP. Greater 

detail is provided in Part 3, which is arranged to allow side-by-side review with the HID, and in 

Part 4, which is a copy of our 2010 submission to OEHHA. For the reasons herein, ExxonMobil 

strongly believes that the data do not support listing of DINP as “known to the State to cause 

cancer.” 

Note that in many cases internet links to references are provided in the reference section. 

If the CIC wishes to review any other specific studies, ExxonMobil would be pleased to provide 

copies. 

I. THE KIDNEY TUMORS OBSERVED IN MALE RODENTS ARE NOT 

RELEVANT TO HUMAN CANCER HAZARD ASSESSMENT 

Kidney tumors have been observed in males rats chronically exposed to high doses of 

DINP, but not in female rats and not in mice of either gender (Moore 1998a; Moore 1998b). As 

acknowledged by various authoritative bodies, these tumors meet both the EPA criteria and the 

IARC criteria for the alpha-2u-globulin mechanism and therefore are not relevant to human 

hazard assessment. 

The HID (p. 61) states that the data for DINP do not meet all of the IARC criteria. But 

the HID ignores the data of Schoonhoven et al. (2001) which were developed specifically to 

address the IARC criteria that were not already addressed by Caldwell et al. (1999) and Moore 

(1998a). Including consideration of the Schoonhoven et al. results, the IARC criteria clearly are 

met. Further, the HID does not discuss the EPA criteria, which the DINP data also clearly meet, 

even without the Schoonhoven data. The IARC and EPA criteria and the work of Schoonhoven 

are discussed in Part 4, section IV.C (copy of our 2010 submission) and Section IV.G of Part 3 

of these comments. In particular, Appendix A to Part 3 provides a tabular comparison of the data 

for DINP to both the EPA and the IARC criteria for the alpha-2u-globulin mechanism. 

Reviews by various authoritative bodies agree that the kidney tumors in the rat DINP 

study are due to the alpha-2u-globulin mechanism and therefore not relevant for human hazard 

assessment. Quotes to this effect by the 2001 CHAP
9
 and the 2003 European Union (EU) risk 

assessment are given in Part 4, Section IV.C.3, and Attachment E to Part 4 is a statement by Dr. 

James Swenberg, a leading expert in the alpha-2u-globulin mechanism, to this effect. More 

recently, the reviews of European Chemical Agency (ECHA) (2013, p. 98) and the Australian 

Government (NICNAS, 2012, p. 49) found the kidney tumors to not be relevant because of the 

alpha-2u-globulin mechanism.  

These evaluations and the highly dubious value of these kidney tumors for human 

health hazard assessment lead to the conclusion that the kidney tumors should be 

disregarded for purposes of evaluating whether DINP should be listed under Proposition 

65.  

                                                 
9  DINP currently is being evaluated, along with other phthalates, by a new CHAP. The report of that CHAP is not yet 

available, but at its first meeting the CHAP set aside cancer as not a relevant endpoint. 
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II. MNCL OBSERVED IN F-344 RATS IS NOT RELEVANT TO HUMAN CANCER 

HAZARD ASSESSMENT 

MNCL occurs frequently and spontaneously in the F-344 rat, which is in part the reason 

the NTP discontinued use of the F-344 rat in its studies (King-Herbert & Thayer, 2006; NTP 

BSC, 2007, p. 31). Multiple expert bodies have considered MNCL in F-344 rats and come to 

question its relevance to humans generally and in the case of DINP specifically. See Part 3, 

Section III.B.4. In fact, as related in Attachment D to Part 3, the National Institutes of Health 

(NIH) rejected a proposal by Dr. Richard Irons, a pre-eminent researcher in the field of 

leukemogenesis, because of “the obvious lack of significance of MNCL to human disease.” 

More recently, ECHA (2013, p. 98) has stated that, even in light of Thomas et al. (2007), “the 

increased incidences of MNCL remain difficult to interpret in the light of the high and variable 

background incidences and the unclear relevance to humans.” The Australian government review 

concluded, “MCL observed in Fischer 344 rats is not regarded as relevant to humans.” 

(NICNAS, 2012, p. 49). 

 The HID points to studies which have suggested that MNCL may be similar to human 

NK-LGL leukemia. While a couple of these papers are recent, the suggestion is not new (e.g., 

Stromberg et al., 1985). Therefore it is not a development that invalidates the many evaluations 

which have found that the relevance of MNCL for human hazard assessment is at best 

questionable. Further, as shown in Part 3, Section III.B.4, a weight-of-evidence evaluation using 

the considerations proposed by Thomas et al. (2007) demonstrates that the MNCL observed in 

DINP studies is not relevant for human health hazard assessment. 

The prior evaluations and the dubious value of MNCL for human risk assessment 

lead to the conclusion that the MNCL observed in the DINP rat studies should be 

disregarded for purposes of evaluating whether DINP should be listed under Proposition 

65. 

III. CANCERS OBSERVED IN A SINGLE STUDY OF NON-COMMERCIAL DINP 

ARE NOT STATISTICALLY SIGNIFICANT  

In yet another example of biased and misleading statements, the HID lists pancreatic islet 

cell tumors, testicular interstitial (Leydig) cell carcinomas, and endometrial adenocarcinomas as 

tumor findings for DINP. None of these observations were statistically significant. The testicular 

and uterine tumor types were observed only in a single study of SD rats (Bio/dynamics, 1986), 

and were within the historical control range. These tumor types were not elevated in F-344 rats 

of either sex or in mice of either sex in the other DINP bioassays (Lington et al., 1997; Moore 

1998a; Moore 1998b). The pancreatic tumors were observed in male SD rats in that same study, 

but not in female SD rats, or in male or female F-344 rats, and were within the historical control 

range. A statistically insignificant increase in pancreatic islet cell tumors was observed in female 

mice in Moore (1986b), but not in male mice and not in F-344 rats  and was within the historical 

control range.  

For these reasons, and those given in Part 3, Section III.B., the pancreatic, testicular 

and uterine tumors should be strongly discounted by the CIC for purposes of evaluating 

whether DINP should be listed under Proposition 65. 
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IV. WEIGHT-OF-EVIDENCE IS THAT LIVER TUMORS OBSERVED IN DINP 

BIOASSAYS ARE NOT RELEVANT FOR HUMAN HAZARD ASSESSMENT  

The foregoing indicates why the CIC may set aside kidney tumors, MNCL, and the three 

tumor types seen in the Bio/dynamics (1986) study. The CIC can focus on the issue of the liver 

tumors observed in rodents treated with high doses of DINP. For the reasons listed below and 

more completely discussed in Parts 3 and 4 of these comments, ExxonMobil believes the weight-

of-evidence clearly shows that the DINP-related rodent liver tumors are due to the PPARα mode 

of action (MOA), and that the PPARα MOA is not relevant to human hazard assessment. 

As indicated in Part 3, Section V and Part 4, Section IV.A, the database relating to the 

PPARα MOA and alternative MOAs is extensive and complex. Further, the HID contains a 

number of statements regarding the data that are incorrect, misleading, or purely speculative.  

The following provides an overview of some of the key points to be considered. For the 

reasons given below and in Part 3, Section V and Part 4, Section IV.A, the weight-of-evidence 

is that the liver tumors observed in rodents are not relevant for purposes of determining 

whether DINP should be listed under Proposition 65. 

A. DINP is not genotoxic 

In a battery of in vivo and in vitro tests, DINP has been negative for mutagenic or 

genotoxic effects. The tests include in vivo mutagenicity tests, with and without activation, in 

vitro and in vivo chromosomal damage tests, and an in vitro unscheduled DNA synthesis assay. 

All available evidence supports a conclusion that DINP is not mutagenic or genotoxic. See Part 

3, Section V.A and Part 4, Section III. 

Note that while the HID (p. 46) erroneously states, “DINP has not been evaluated for 

induction of DNA damage,” DINP in fact has been evaluated for DNA damage by these various 

tests, and no damage has been reported.  

B. DINP is a peroxisome proliferator under both IARC and ILSI criteria 

DINP meets the consensus criteria of the International Life Sciences Institute (ILSI) for 

determining whether rodent liver tumors are the consequence of a peroxisomal process (Cattley 

et al. (1998), by demonstrating hepatomegaly, peroxisome proliferation, and cell proliferation 

(see Part 3, Section V.G and Part 4, Section IV.A). The HID (p. 56) casts doubt on whether the 

rodent liver tumors are caused by peroxisome proliferation because of “lack of sustained long-

term hepatocellular proliferation in DINP-exposed rats.” This demonstrates a misunderstanding 

of the science -- acute cell proliferation is exactly what you would expect with a weak 

peroxisome proliferator such as DINP (Corton et al. 2013).
10

 See Part 3, Section V.G. 

                                                 
10  “All PPARα activators in a dose-dependent manner produce an increase, albeit transient, in replicative DNA synthesis 

during the first few days or weeks of exposure…After this initial burst in replication, baseline levels of hepatocyte 

replication are approached while the liver remains enlarged…” (Corton et al., 2013, p.12).  
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DINP likewise meets the IARC criteria for determining that rodent liver tumors are not 

relevant to humans (IARC, 1995). Again, peroxisome and hepatocellular proliferation have been 

demonstrated for DINP. Further, there is evidence that peroxisome proliferation effects from 

DINP do not occur in “adequately designed and conducted investigation of human groups or 

systems.” (IARC, 1995, Section 1.6). This comes from non-human primate data, showing no 

peroxisome proliferation in marmosets receiving up to 2500 mg/kg/day for 90 days (Hall et al., 

1999), nor in cynomolgus monkeys receiving up to 500 mg/kg/day for 14 days (Pugh et al., 

2000). Additionally, no peroxisome proliferation has occurred in either human or non-human 

primate hepatocytes tested in vitro (Baker et al., 1996; Hasmall et al., 1999; Kamendulis et al., 

2002; Benford et al., 1986).  

The third IARC criterion is that other mechanisms of carcinogenesis be excluded. This 

normally involves consideration of whether there is genotoxicity, indicating potential direct cell 

damage, or cytotoxicity indicating repeated injury that potentially could lead to tumor induction. 

As discussed above, DINP is not genotoxic. Nor is there evidence from pathological 

investigations that it causes adverse liver effects other than those that would be associated with 

PPARα induction. Further, studies indicate the liver is not a target organ in primates. On the 

basis of di(2-ethylhexyl)phthalate data, some other mechanisms that might contribute to 

formation of the rodent liver tumors have been proposed; these are critiqued at length in Part 3, 

Section IV.C-F and briefly below. Significantly, though, these other mechanisms do not negate 

the finding that PPARα activation is necessary even if not sufficient to produce the liver tumors 

(Corton et al., 2013; Bachman et al, 2011).  

C.  PPARα MOA is not relevant to humans 

While some recent papers have questioned whether the PPARα MOA in rodents could 

also occur in humans, the overwhelming weight-of-evidence is that it does not. A workshop of 

government, academic and industry experts was convened in 2010 to review the data pertaining 

to the PPARα MOA. The majority of experts concluded that it is not relevant to humans and the 

remaining experts opined it was unlikely to be relevant to humans (Corton et al., 2013).  

This conclusion is strongly supported by the non-human primate data and the human and 

non-human primate in vitro hepatocellular studies. Further, while there is no epidemiological 

study on DINP, there are a number of clinical and population-control studies of fibrate drugs, 

which are much more potent PPARα-agonists than DINP. Those studies show no evidence of a 

carcinogenic effect in humans (e.g., Frick et al., 1997; Huttunen et al., 1994; Committee of 

Principal Investigators, 1978; 1980; 1984). 

Various expert bodies have likewise concluded that liver tumors resulting from the 

PPARα mode of action are not relevant for human hazard assessment, including IARC (1995) 

and ILSI (Klaunig et al., 2003).  

D. Other proposed mechanisms do not change the conclusion that the PPARα 

MOA is necessary for induction of rodent liver tumors by DINP, and that the 

PPARα MOA is not operative in humans 
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The HID presents several theories that have been advanced in recent years about potential 

mechanisms for the liver tumors observed in rodents treated with peroxisome proliferators such 

as DEHP and DINP. A closer look reveals that all these arguments are red herrings. Even if other 

mechanisms potentially contribute to formation of liver tumors in rodents, that does not negate 

the findings that PPARα activation is necessary even if not sufficient to produce liver tumors in 

rodents (Corton et al., 2013; Bachman et al, 2011), and that the cascade of events following 

PPARα activation in the rodent does not occur in humans. The theories advanced in the HID are 

highly speculative and/or reflect a misunderstanding of the science. 

1. PPARγ activation 

The HID (pp. 56-57) suggests that PPARγ activation by the DINP metabolite 

monoisononyl phthalate (MINP) could be an alternative mechanism for the rodent liver tumors. 

As discussed by Peters et al. (2012), PPARγ agonists can induce terminal differentiation, inhibit 

cell proliferation, promote apoptosis and inhibit innate inflammation in many cancer models. 

Accordingly, they are more likely to inhibit cancer induction than promote it. Further, the HID 

presents the information in a selective and misleading way. It cites two studies showing an 

association of bladder cancer with humans treated with pioglitazone (a PPARγ agonist), but does 

not cite the more recent Kaiser trial showing no such relationship (Lewis et al., 2012), or the 

other studies showing no such relationship (Tseng, 2012; Erdmann, 2013).  

2. Activation of CAR and PXR 

The HID statement (p. 5) that DINP (or, rather, the metabolite MINP) can activate human 

CAR and PXR is true but misleading. Such observations were based on in vitro test systems at 

non-physiological doses (DeKeyser et al., 2009, 2011). Further, there is no compelling evidence 

that activation of these receptors has any relevance to human cancer. In fact, OEHHA 

acknowledges this. The HID states on page 57 that “It is not known whether the ability of DINP 

to activate CAR and PXR and the resulting increase in expression of several transporters and 

enzymes…could be involved in tumorigenesis.” 

3. Effects on steroidogenesis and androgen-responsive tissues 

The discussion of steroidogenesis and androgen-responsive tissues is particularly slanted 

and misleading in its presentation of the data and speculation of the significance. It implies that 

DINP causes “testicular dysgenesis syndrome” (TDS). The discussion of TDS is presented as if 

it were a recognized syndrome rather than the hypothesis that it is. Further, there are no data for 

DINP which fit with all the listed elements of the TDS hypothesis.
11

 Accordingly, even if there 

were a testicular dysgenesis syndrome, the evidence indicates that DINP does not cause it. 

 While some antiandrogen-type effects have been observed in some studies with high 

doses of DINP, the effects are transient and do not lead to more profound effects – there have 

been no consistent reports of permanent changes in testicular structure or function. Further, 

                                                 
11  The HID (p. 41) lists the elements of TDS as testicular germ cell cancer, cryptorchidism, hypospadias, and low sperm count. 

DINP has not been shown to cause significant increases in Leydig cell tumors (hypothesized as the rodent equivalent of 

human testicular germ cell cancer), cryptorchidism or hypospadias or low sperm count.   
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recent research using human fetal testes explants demonstrates that human testis tissue is 

refractory to reduction of testosterone synthesis following exposure to phthalates either in vitro 

or transplanted in rodent hosts, giving a strong indication that a phthalate-associated anti-

androgenic is a rat-specific effect without human relevance (Mitchell et al., 2012; Heger et al., 

2012).  

4. Tumor necrosis factor-α (TNF-α) induction and Gap Junction Intercellular 

Communication (GJIC) 

In its conclusions, the HID lists stimulation of “TNFα production in a human 

promonocyte cell line and suppressed phagocytosis” and inhibition of “hepatic GJIC in rats and 

mice” as if these were separate and distinct mechanisms of carcinogenicity from that of the 

PPARα MOA. To the contrary, both TNFα production and inhibition of GJIC are consequences 

of PPARα agonism and are considered to be modulating factors in the PPARα mode of action 

(Corton et al., 2013). We agree that TNFα induction and GJIC inhibition occur in rats and mice; 

we believe that these are consequences of PPARα agonism in rodents but not in humans or other 

primates and may be an important factor leading to species differences in tumor response. 

5. Yang et al. (2007) and Ito et al. (2007)  

The HID (p. 52) postulates that the study of Yang et al. (2007) indicates that activation of 

PPARα is not sufficient to induce liver tumors in rodents. However, while it is possible that 

PPARα is not sufficient, it is a necessary, key step in the induction of liver tumors (Bachman et 

al., 2011; Corton et al., 2013); therefore this study does not negate the conclusion that the rodent 

tumors were a consequence of the PPARα mechanism.  

The HID (p. 52) also postulates that the results from Ito et al. (2007) indicate that PPARα 

agonists may induce liver tumors via an independent mechanism. Ito et al. (2007) observed liver 

tumors in PPARα-null mice fed with DEHP. As detailed in Part 3, Section V.B., there are a 

number of reliability issues with the Ito et al. study, and its results are not at all sufficient to 

challenge the widely accepted conclusion that liver tumors in rodents from a PPARα agonist are 

not relevant to humans. Among other things, the Ito et al. finding of a statistically significant 

increase in liver tumors was achieved only through the unorthodox grouping of cholangiocellular 

tumors with hepatocellular tumors, a practice questioned by Brix et al. (2010). Most importantly, 

even if there was a statistically significant increase, because of differences in the mouse and 

human lipid metabolism pathways, it is invalid to assume that the PPARα-null mouse is a valid 

model for humans.
12

 

CONCLUSION 

For the reasons summarized above, and explained in great detail in Parts 3 and 4, 

the weight-of-evidence is that none of the tumors observed in rodents treated with DINP 

                                                 
12  As pointed out in Corton et al 2013, “the absence of PPARa expression leads to enhanced hepatic lipid accumulation and 

inflammation (two known risk factors for hepatocarcinogenesis) that could result in liver cancer through mechanisms 

entirely different than those observed with chronic activation of PPARa by exogenous ligands” and there are no known loss 

of function mutations in humans which might make the phenotype in PPARα-null mouse models of relevance to humans. 
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are relevant for human health hazard assessment and that DINP therefore should not be 

listed under Proposition 65 as “known to the State to cause cancer.” 
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PART 3 

 

TECHNICAL SECTION-BY-SECTION CRITIQUE OF THE HID 

 

The following provides detailed technical comments on the HID. It is formatted so that the CIC 

may easily compare a given section of the HID with the comments on that section, and thereby 

gain a more complete understanding of the science informing the given issue.  

 

 

I. HID SECTION 1 -- EXECUTIVE SUMMARY 

As a prefatory comment, the Executive Summary does not present a summary of the total 

weight of the evidence. Rather, the Executive Summary appears to be a listing of principal 

evidence that OEHHA believes might support a decision to list. The following paragraphs 

address specific errors, in the HID but do not attempt to correct for the overall imbalance of the 

executive summary. 

A. Animal Carcinogenicity 

The HID statement “The following malignant tumors considered either rare or uncommon in the 

tissue and species of origin were observed in DINP-treated animals: renal transitional cell 

carcinoma, renal tubular cell carcinoma, pancreatic acinar cell carcinoma, testicular interstitial 

(Leydig) cell carcinoma, and uterine adenocarcinoma” is an over-generalization and a misleading 

over-simplification. As discussed in more detail in the comments on HID Section 3, none of 

these tumors were found in all of the species/gender/strain combinations, and some were found 

in only one gender of one strain of one species. As discussed in more detail below, the renal cell 

carcinomas were found only in male F-344 rats (Moore, 1998a) and were the consequence of a 

male-rat specific effect (an α2u-globulin-mediated process that does not occur in humans). 

Leydig cell tumors are also a common spontaneous tumor in F-344 rats such that at study 

termination most of the surviving male rats have these tumors. The frequencies Leydig cell 

tumors in SD rats as well as those of the other tumors were not significantly different from the 

concurrent controls and were within the historical control ranges of the laboratories in which the 

tests were conducted.  

 

B. Mechanism and Other Relevant Data  

As discussed in more detail in the comments for section 4.1, the genetic toxicity studies 

conducted were more than sufficient to demonstrate that DINP does not cause direct genotoxic 

effects. This bears pointing out because indirect DNA damage is an element of the PPARα 

mechanism. 

  

To be accurate, there were 7 cell transformation assays, not 8. 

 

As described in more detail in our comments on sections 4.2 and 4.3, we agree that DINP (or 

more precisely the metabolite form monoisononyl phthalate, MINP) is an agonist for the PPARα 

receptor (which is consistent with our belief that the liver tumors in rats and mice were a 
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consequence of a process induced by PPARα, which is operative in rats and mice but not in 

humans). See Section IV.A of the 2010 comments. 

 

We also agree that under in vitro conditions MINP is a PPARγ agonist, but we do not agree that 

PPARγ agonism is a carcinogenic mechanism. The most recent evidence (Peters et al., 2012) 

indicates that PPARγ agonism is more likely tumor-protective than tumor-causing. It should also 

be noted that the lowest concentration at which hPPARγ agonism could be demonstrated was 

30µM. Based on exposure estimates calculated from the urinary metabolite data, human serum 

levels would be in the low nM range, calling into question the relevance of the in vitro data to the 

human situation.  

 

With respect to the evidence for CAR and PXR binding, whatever else is true, as indicated in the 

HID, this information is of unknown significance (page 57).  

 

The HID statement, “In humans, early life disturbances of testosterone production induce 

testicular dysgenesis syndrome (TDS) which is associated with germ cell cancer.,” is a 

hypothesis, not a fact as one might believe from the way in which it is stated. Further, with 

respect to the effects which are hypothesized to be associated with TDS, cryptorchidism, 

hypospadias, interstitial cell tumors or significant reductions in sperm count, we note that there 

are no reports of significant elevations of cryptorchidism, hypospadias or testicular tumors in 

studies of DINP, and sperm count was reported to be significantly elevated. In short, any 

suggestion that DINP could cause TDS is inconsistent with the experimental evidence. The HID 

statement that “[t]hese effects are independent of PPARα agonism” is also a hypothesis, not a 

fact as presented. In the section in which the supporting evidence is presented (p. 39), the HID 

states that there is evidence suggesting that the antiandrogenic activity of phthalates is not 

PPARα mediated. 

  

Tumor necrosis factor α and inhibition of gap junction intercellular communication are 

modulating factors which are the consequence of PPARα activation and consistent with the 

PPARα mode of action and not independent carcinogenic mechanisms as suggested by the way 

in which they are presented in the HID (p. 59). 

 

II. HID SECTION 2. – INTRODUCTION 

A. HID Section 2.2.3 -- Exposure and Biomonitoring  

The information in this section is presented in a selective and misleading manner. It is true that a 

number of urinary metabolite studies have been conducted and that the data from these studies 

provide evidence of widespread exposure to DINP. However, what is not stated is that 

calculations that convert the urinary levels to external exposures show that mean exposures in the 

US population are in the range of only 1-2 micrograms per kilogram per day (ug/kg/day) 

(Kransler et al., 2012). The data also show that the exposures of children are similar to those of 

adults (even though urinary metabolite levels are higher in children than adults) and that the 

exposures of pregnant women and women of child-bearing age are also similar to those of the 

population at large. The differences between adults and children in urinary metabolite levels are 

due to physiological differences, when converted to actual exposures, exposures of the various 

populations from all sources are of the same order of magnitude and very low. 
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The final sentence of this section cites Hines et al. (2011) regarding occupational DINP 

exposure, but Hines did not measure exposure to DINP. It should also be noted that studies of 

DEHP metabolites in serum within the US population have been reported to range from 2.8 to 

15.2 ng/ml with a geometric mean of 3.9 ng/ml (approximately 14nM) (Kato et al. 2004). As 

exposures to DINP are similar to or lower than those of DEHP, it would be reasonable to assume 

that in the US, serum levels of DINP metabolites would be at low nM levels. In contrast, in the in 

vitro receptor binding studies, the minimum levels of activation are in the µM range. Thus, 

whether or not activation of the PPARα, PPARγ, CAR or PXR has any toxicological 

significance, the data suggest that these receptors could only be activated under non-

physiological conditions. Thus the utility of the receptor binding studies as a basis for alternative 

mechanisms is questionable at best. 

 

III. HID SECTION 3 -- DATA ON CARCINOGENICITY 

A. HID section 3.2 – Carcinogenicity Studies in Animals 

1. Section 3.2.1 – Studies in Rats 

a. Pancreatic Tumors 

The frequency of pancreatic islet cell tumors in the study of male SD rats was not significantly 

different from the concurrent controls and fell within the historical control range for tumors of 

this type. More specifically, the HID identifies an increase over control of pancreatic islet cell 

carcinoma (4/70 [5.7%] in high dose males vs. 1/70 [1.4%] in controls) in male SD rats. It is 

claimed in the HID that this tumor is rare as 1/1340 were observed in a separate study by 

Chandra et al., (1992) in a different laboratory. However, this information is presented 

selectively. A more thorough review of the available literature also would have provided a better 

set of historical control data to evaluate. McMartin et al., (1992) reported ranges of 2.9 – 13.8% 

for islet cell adenoma and 0 – 5.7% for islet cell carcinoma in male SD rats. Islet cell adenoma 

ranged from 0 – 8.3% and 1.7 – 10.3% in male SD rats while islet cell carcinomas ranged from 0 

– 6.2% and 0 – 6.0% (Baldrick, 2005). Given these ranges, the non-significant 5.7% incidence of 

pancreatic islet cell carcinoma reported in the Bio/dynamics study is not unusual for this strain 

and sex of rat. It should also be noted that there were no pancreatic islet cell tumors in female SD 

rats in the Bio/dynamics study and none in either male or Female F-344 rats in either the Lington 

or the Moore studies. As the observed increase was not statistically significant, within the 

historical control range for the strain, and only found in one gender of one strain of rats, the 

interpretation most consistent with the data is that the tumors were spontaneous and not 

treatment-related in rats.  

 

The HID identifies two (of 70) high dose female B6C3F1 mice as having pancreatic islet cell 

carcinomas compared to none in the control group – also not statistically significant. The NTP 

had previously identified a historical control range of 0 – 2 % for this tumor type (Haseman et 

al., 1998). However, in a more recent report (NTP, 2005), the average incidence is given as 1.4 + 

2.3% (range = 0% - 4%). Thus, the incidence for this pancreatic islet cell carcinogenicity in the 

Moore study (2.8%) is not unusual considering the historical experience with tumors of this type.  
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b. Testicular Tumors 

The HID noted that there were 7/60 testicular cell carcinomas in SD rats but that the increased 

incidence in testicular tumors was not significantly different from control. The HID then 

incorrectly states “…the percent tumor incidence was outside the range of historical controls 

(9.8% vs. treated, 11.67%).” In the laboratory report, the historical control incidence range was 

reported as 3.4% (4/116) at the low end of the range and 23.5% (27/115) at the high end of the 

range. The combined incidence for historical controls was reported as 9.8% (116/1185). Thus the 

frequency of these tumors in the DINP high dose group (11.76%) is similar to the average 

control value in the testing laboratory and within the historical control range. The laboratory 

report states, “However, the incidence of interstitial cell tumors in the treated males from the 

present study was lower than in the historical control males (Figure 4). Therefore it is uncertain 

if this finding has any toxicological significance.” The HID cites the CPSC report (2001) as a 

source for the information, but it is provided selectively. The CPSC reports from 2001 and 2010 

identify the full historical control range (3.4 – 23.4%), and the 2001 CPSC report states clearly 

“Testicular tumor incidences in high dose animals are significantly above those in control, but 

fall within the range of historical control values.”  

 

The HID cites a publication by Chandra et al. (1992) to suggest that testicular interstitial 

carcinomas are uncommon in SD rats. However, the report by Chandra et al. is a summary of the 

historical experience at one laboratory and not the best comparison for the study in question. For 

comparative purposes, the most useful historical control data are those from the laboratory that 

conducted the test (as shown above, 3.4% – 23.5%). Additionally, a more thorough review of the 

literature would have provided a better estimate of historical control incidence for this tumor 

type. McMartin et al. (1992) reported a historical control range of 1.4 – 13.3 % in SD rats. 

Ranges of 0 – 11.7% and 0 – 10 % were reported by Baldrick (2005). Attia (1996) reported a 

maximum incidence from historical controls of 16.3% while a 25% incidence was reported by 

Nakazawa et al. (2001). In summary, the available evidence indicates the incidence of interstitial 

cell tumors from the laboratory that conducted the DINP study in SD rats (Bio/dynamics) fall 

within the concurrent historical control range of the testing laboratory and is similar to SD 

historical control data reported in the literature. As such, there is no basis to conclude that the 

observation of a non-significant increase in interstitial cell tumors was treatment related.  

 

c. Uterine Tumors 

The HID identifies a non-significant increase in endometrial adenocarcinomas (2/69 [2.9%] in 

high dose females vs. 0/70 in concurrent controls) in female SD rats. It should be noted that this 

increase was not statistically significant, and no attention was drawn to this tumor type by the 

study pathologist. The HID cites reports by Chandra et al. (1992) and Anisimov and Nikinov, 

(1990) as indicating this tumor is rare. However, additional information on the occurrence of this 

tumor in female SD rats is available. Attia (1996) reported a control incidence of 10% with a 

maximum incidence of 18.3%. McMartin et al., 1992 reported an incidence of 0.55% with a 

range of 0.0 – 1.4%. Brix et al. (2005) reported that the adenomas and carcinomas observed in 

bioassays in female SD rats conducted by the National Toxicology Program (NTP) each had an 

incidence of 0.5%. An update from NTP in Dinse et al. (2010) reported incidences of 0.47% for 

adenoma and 1.27% for carcinoma. Given these ranges and the lack of statistical significance in 

the Bio/dynamics study, one cannot conclude that the increase in incidence is treatment-related. 
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Further, it should be noted that there was no evidence of endometrial carcinoma in female F-344 

rats in two studies (Lington et al., 1997; Moore et al., 1998a) or in female B6C3F1 mice (Moore 

et al., 1998b). To put these data into perspective, it should be clearly stated that the non-

significant increase was observed in one sex of one strain of one species and that the incidence 

reported fits within the historical control range reported in the literature and was not replicated in 

other studies. 

 

d. Mononuclear Cell Leukemia (MNCL) 

The report fails to place the identified evidence regarding MNCL into the context of the: 

 

1. the high background incidence of MNCL in F-344 rats; 

2. absence of changes in MNCL incidence in a different strain of rats (SD) or in mice;  

3. complexity of factors known to influence MNCL incidence that calls into question the 

human relevance of this tumor type; and 

4. expert opinions questioning the relevance MNCL in the F-344 rat to humans, as 

demonstrated by NTP’s decision to discontinue use of this rat strain for its studies. 

 

Based on the historical incidence from the NTP, the estimated incidence of MNCL in control 

groups is 50.5% (ranging from 32 – 74% in feeding studies) in male F-344 rats and 28.1% 

(ranging from 14 – 52% in feeding studies) in female F-344 rats based on National Toxicology 

Program data (Haseman et al., 1998). As demonstrated in Table 1 below, the incidence of MNCL 

in DINP-exposed F-344 rats is not substantially different from the control incidence range 

reported by NTP.  

 

Table 1: Incidence of MNCL from Haseman et al (1998), Lington et al (1997), and Moore et al 
(1998a) 

 Range of MNCL in controls  
for NTP feeding studies (Haseman) 

Highest incidence of MNCL  
 Lington Moore 

Male 32 – 74% 63.8% (51/80 rats) 49.2% (32/65 rats) 

Female 14 – 52% 53.8% (43/80 rats) 46.2% (30/65 rats) 

 

Chronic dietary DINP exposure did not induce leukemias or alterations in leukocyte counts in 

SD rats (Bio/dynamics 1986). Similarly, chronic dietary DINP exposure of male and female 

mice had no treatment related changes in neoplastic lesions of the spleen, hematopoietic system, 

thymus, or lymphatic system (Moore et al, 1998b). This information on other strains and species 

provides supporting evidence that the changes in MNCL frequency are specific to the F-344 rat.  

 

Many factors other than chemical treatment have been identified that influence incidence of 

MNCL in F-344 rats. The strongest influence appears to be genetics, as observed in the striking 

differences in MNCL incidence when comparing historical control incidence of the F-344 rat to 

other rat strains and mice. Additionally, corn oil exposure can reduce incidence of MNCL 

(Haseman et al., 1985) as can group housing (Haseman et al., 1998). Cumulatively, the evidence 

indicates a complex mechanism for MNCL development. In the presence of high complexity and 
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potential for confounding variables to influence study outcomes, the importance of confirming 

and refuting observations (i.e., weight-of-evidence as presented in Table 2 below based on 

considerations identified by Thomas et al., 2007) becomes all the more important to understand 

the human relevance of a particular effect. 

 

The HID fails to disclose that multiple expert bodies have considered MNCL in F-344 rats and 

come to question its relevance to humans generally and in the case of DINP specifically. As the 

doubtful relevance of this finding to humans has been known for decades, these statements go 

back in time and continue right up to the present. In particular it should be noted that the 

statements by the National Research Council (2010) and the Consumer Product Safety 

Commission (2010) were made after the Thomas paper was published.  

 

 “The relatively high and variable spontaneous incidence of mononuclear cell leukemia in 

aged F-344 rats confounds the interpretation of this tumor type in dosed animals as evidence 

of a carcinogenic response. That is, statistical evidence of an increased occurrence of 

mononuclear cell leukemia in dosed animals as an indication of carcinogenicity may 

appropriately be regarded with less confidence than would similar incidence data for other 

tumor types in the F-344 rat.” (NTP 1984). 

 United Kingdom Health and Safety Executive did not consider an excess of MNCL as 

evidence for a carcinogenic response even though the frequency exceeded the historical 

averages of both the NTP and the testing laboratory. (UK EA, 2004). 

 National Research Council has stated, “It is unclear whether [MNCL] is a relevant predictor 

of human leukemias or other adverse health effects.” (NRC 2010). 

 The United States Consumer Product Safety Commission’s statements (2010) that: 

o “[Due to high background rate in the F-344 and no hematopoetic neoplasms were 

found in Sprague- Dawley CD rats treated with DINP-A or in mice treated with 

DINP-1] MNCL will not be used to predict cancer risk in humans.” 

o “The MNCL is a neoplasm with a high spontaneous rate in Fischer 344 rats that is 

considered of questionable relevance to humans. (Babich 2004; CPSC 2001). 

Therefore, the CPSC staff regards DINP to be possibly carcinogenic in humans 

(rather than probably or known to be), based on limited evidence of carcinogenicity in 

experimental animals, as defined under the FHSA and implementing regulations. 

(CPSC 1992). The finding that DINP is possibly carcinogenic means that the CPSC 

staff will not consider carcinogenicity in evaluating the potential risks of DINP 

exposure to humans. (Babich 2004).” 

  The Australian National Industrial Chemicals Notification and Assessment Scheme 

(NICNAS, 2012) concluded "MCL [Mononuclear cell leukemia] is a common neoplasm in 

Fischer 344 rats with no comparable tumour type in humans and its increased incidence after 

chronic exposure to some substances is considered to be a strain-specific effect (Caldwell DJ, 

1999b*). Therefore, MCL observed in Fischer 344 rats is not regarded as relevant to 

humans."  

 

Additionally, information submitted with our 2010 materials from Dr. Richard Irons, indicates 

his research proposal for MNCL was rejected by NIH (who uses expert peer-review panels in 

evaluating grant applications) because of the “obvious lack of significance of MNCL to human 

disease.” (Part 4, Attachment E) 
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Given that the incidence of MNCL in DINP-exposed F-344 rats is similar to the historical 

control range, that MNCL was not found in SD rats, there was no treatment-related effect on 

incidence of leukemia in B6C3F1 mice, MNCL is a complex phenomenon with a high potential 

for confounding, and questionable as to relevance based on reviews by external experts, it 

appears unlikely the reported neoplastic effects are either exposure related or relevant to humans. 
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Table 2: Weight-of-evidence Analysis for MNCL Incidence as a Treatment-Related Effect, 
Based on Thomas et al 2007 Considerations 

Consideration For Relevance Against Relevance 

Biologically plausible 
reason for tumor 
induction / increased 
incidence 

- DINP-induced rodent tumors (liver via 
PPARα or kidney via a α2u-globulin 
MOA) are not associated with a 
leukemogenic effects in humans. 

Nature of the dose 
response in terms of 
incidence and/or 
severity 

Lington results indicate increased MNCL 
incidence and mid- and high-dose, but 
not significantly different between each 
other 
Moore data indicate similar incidence of 
MNCL at low- and mid-dose, increased at 
high dose for males and similarly 
increased at all doses in females 

Dose response data indicate no or minor 
change from next dose (i.e., the dose 
response is shallow). Such dose response 
data argues against a true treatment-
related effect. 

Appropriate 
historical control 
data 

 - Highest incidence is equivalent to 
average historical control in males 
Highest incidence is near average 
historical control in females (higher than 
mean historical control data, but is 
within range) 

Reduction in latency 
time?  

Moore report indicates "In unscheduled 
deaths, [MNCL] was the most common 
cause of death in all groups, but was 
observed with greater frequency in 
unscheduled deaths of animals of both 
genders in Groups 4, 5, and 6." 

Lington reports "DINP did not show a 
profound effect on tumor latency 
regarding MNCL, which is another 
consideration in evaluating tumors with 
a high and variable spontaneous rate in 
aged animals." 

Reproducibility 
(strain or species)? 

 - Not observed in Sprague-Dawley rats or 
B6C3F1 mice 

Single sex effect? Increased incidence in both sexes  - 

Comparative species 
metabolism?  

 - Metabolism of DINP expected to be 
similar in rats and mice 

Genotoxicity?  - DINP is not genotoxic 

Cytotoxicity?  - DINP is not cytotoxic 

Any other relevant 
information 

 - No treatment-related effects reported 
for lymphoid organs or leukocyte counts 
in Sprague-Dawley or B6C3F1 
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IV. HID SECTION 3.3 – OTHER RELEVANT DATA 

The report provides conflicting information regarding the number of times DINP has been tested 

in cell transformation assays:  

 

 Page 32 – Lists eight tests of DINP 

 Page 47 – DINP is identified as positive in one of nine assays 

 Page 65 – “DINP has been tested for the ability to induce in vitro cell transformation in 

eight studies…” 

 

Note also that the transformation study summarized in the paper by Barber et al. (2000) is the 

same study conducted by Litton Bionetics (1985b). Thus, the last sentence in the first paragraph 

on page 32 is incorrect; there were only 7 studies but one was listed twice. 

 

A. HID Section 3.3.1 – Kinetics and Metabolism 

The studies cited as Midwest Research Institute were published as McKee, et al. (2002). 

 

B. HID Section 3.3.2 – Genotoxicity 

The in vivo cytogenetics data are incorrect. The animals were given 0.5, 1.7, or 5 

milliliters/kg/day (not milligrams as listed in the HID). Based on the density of DINP, 0.98 

g/cm
3
, this works out to just under 5000 mg/kg (not 5 mg/kg). This was originally a 

transcriptional error by the EPA and has been carried forward in all subsequent reviews that have 

relied on the EPA summary information. 

 

The report also failed to incorporate data on DINP from an in vitro assay for unscheduled DNA 

synthesis using rat hepatocytes. DINP was inactive in this test. The results are summarized in 

McKee et al. (2000)  

 

C. HID Section 3.3.3 – Cell Transformation Assays 

The summary of cell transformation assays in the HID was based on a previous review (EC JRC 

2003) in which it was reported that positive results were obtained in one (of the 7 conducted) cell 

transformation assays over a concentration range of 0.03 to 1 μl/ml. However, in the original 

report (Microbiological Associates, 1981a), the authors reported the following data: 0.01 µl/ml 

(0 foci), 0.1 µl/ml (1 type II foci, 0 type III foci), 0.3 µl/ml (1 type II foci, 0 type III foci), 1.0 

µl/ml (0 type II foci, 2 type III foci). The authors reported that this result was not statistically 

significant and concluded that DINP did not cause cell transformation in this assay. It should be 

noted that the water solubility limit for DINP is 3 x 10
-7

 mg/ml (Cousins et al., 2003). As DINP 

has a relative density of approximately 1.0, the test concentrations ranged from approximately 

0.01 mg/ml to 1.0 mg/ml which would have been far above the water solubility limit. This raises 

serious questions about the validity of the assay. Further in other tests, performed at higher 

concentrations (up to 3.75 μg/mL), DINP was reported as inactive. As there were several tests in 

different laboratories which included doses both higher and lower than those reported as positive 

the confidence in the validity of the single positive assay result is reduced. 
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Furthermore, the report interpretation ignores relevant information such as the false positive rate, 

false negative rate, and reproducibility of the assay itself (see Table 3, below, for performance 

characteristics for the transformation assay).  

 

Based on the concentration response considerations, high false positive rate, lower false negative 

rate, and high reproducibility, the most appropriate data-supported interpretation is that DINP 

does not cause cell transformation. 

 

Table 3: performance characteristics of the Balb/C 3t3 cell transformation assay for predicting 
carcinogenicity 

 
False Positive Rate False Negative Rate Reproducibility 

BALB/C 3T3 47% 25% >95% 

Values as reported in “Detailed Review Paper on Cell Transformation Assays for Detection of Chemical 
Carcinogens” (OECD, 2007). 

 

 

D. HID Section 3.3.6 – Effects on Steroidogenesis 

The information provided below is a detailed discussion of the studies of the effects of DINP on 

testosterone synthesis in male rat fetuses, and the consequences thereof. Note, however, that the 

summary in the HID did not include the most recent and relevant information. As shown in 

recent investigations of steroidogenesis (Heger et al., 2012, Mitchell et al., 2012), it now seems 

questionable that the effects of phthalates on steroidogenesis in fetal rats are indicative of the 

potential for human effects (Johnson et al., 2012).  

 

As reported by several authors (Hannas et al., 2011; 2012; Borch et al., 2004; Boberg et al., 

2011; Clewell et al., 2013a,b), DINP reduces testosterone in fetal rat testis. However, as stated 

above, phthalates do not appear to produce similar effects in fetal human testis (Heger et al., 

2012; Mitchell et al., 2012). That having been said, some of the information in the HID is 

presented in a selective and potentially misleading way as described in more detail below.  

 

The description of the Boberg et al., 2011 study is selective in presentation. The study is 

described as having demonstrated reproductive and behavioral effects in offspring exposed to 

DINP in utero and post-natally. Effects in males are described as increased nipple retention, 

reduced anogenital distance, reduced sperm motility and increased sperm count. Pathological 

findings in the testis include enlarged diameters of seminiferous tubules and increased incidence 

of multinucleated gonocytes. It is also claimed that DINP produced a masculinization of exposed 

females by increased performance in the Morris water maze.  

 

In contrast to this characterization, it first should be noted that the testicular findings were 

observed at one time point only and were not observed at subsequent time points. There is no 

indication of altered testicular development in animals examined at 90 days of age, indicating 

these changes are not permanent. Second, a statistical significance was observed in increased 

nipple retention on PND 13 at dose levels of 750 mg/g/day, but no increase in nipple retention 
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was observed at PND 90 indicating that this change is not permanent. The authors claim a 

change in behavior in female rats following DINP treatment, but only one set of data are 

described. The specific hypothesis that was being addressed experimentally, i.e., that alteration 

of testosterone synthesis would affect male behavior in learning and memory testing was not 

proven by the study. In fact, the authors concluded that “Male performance during both the 

learning and memory period was unaffected by DINP exposure (data not shown).” Further the 

purported effect on female performance in this test was not reproducible. A difference was 

observed on the first day of testing, but was not observed on the second. As stated by the authors, 

“The differences between DINP exposed and control females were not significant on the second 

day of the memory testing or when the platform was moved to a new position (data not shown).” 

We do not consider that it is valid to draw conclusions from less than a third of the available 

data. Finally, the assessment of sperm in the study is difficult to evaluate. A reduction in motility 

was observed at dose levels of 600 mg/kg/day and greater. While the authors indicate that the 

control range in the DINP study was within the control range from other studies, they do not 

indicate that the cited studies also demonstrated that the effect was within the historical control 

range as well. Other sperm parameters were normal. We suggest that the Boberg et al. study 

supports the hypothesis that DINP produces a moderate reduction of fetal testicular testosterone 

but that this does not lead to permanent effects on the developing male rat reproductive system.  

 

In addition to Boberg et al., 2011, effects on the developing male rat reproductive system were 

evaluated by Adamsson et al. (2009) and by Clewell et al. (2013a, 2013b). These studies are not 

summarized in the HID. In a study designed to test the effects on steroidogenesis in the fetal rat 

testis and adrenal gland, DINP was administered by gavage at doses of 250 and 750 mg/kg/day 

to Sprague-Dawley rats on gestational days 13.5 to 17.5 (Adamsson et al., 2009). This dosing 

window includes the critical programming window for several key developmental landmarks in 

the fetal male rat. No effects on testicular testosterone levels (gd 19.5) were observed with DINP. 

Gene expression of P450scc was increased at 750 mg/kg/day; however no changes in relative 

StAR, 3β-HSD or SF-1 mRNA levels were seen in either dose of DINP. GATA-4 and Insl-3 

mRNA levels were seen to increase with 750 mg/kg/day. Changes in protein levels were largely 

inconsistent with the gene expression data, and no pathologic change in the testis was noted. 

Therefore, this study provided no evidence that in utero exposure to DINP down-regulates 

testicular or adrenal steroidogenesis. 

 

Clewell et al. (2013a, b) conducted two studies evaluating the effect of DINP treatment on the 

development of the male rat reproductive system. In the first study, DINP was administered to 

pregnant rats at doses of 0, 50, 250 and 750 mg/kg day on gestational days 12 – 19. A reduction 

in fetal testosterone concentrations (approximately 50% of controls) was noted at 250 and 750 

mg/kg/day two hours after the last exposure. However, the testosterone levels returned to control 

levels 24 hours after the last dose, indicating the reduction was transient. No change in AGD was 

noted. An increased incidence of multinucleated gonocytes was observed in the testes in the 250 

and 750 mg/kg groups, but no other effects including cryptorchidism or hypospadias were 

observed in the testes. In the second study (Clewell et al., 2013b), pregnant female rats were 

exposed to DINP in the diet to produce levels of ingestion of approximately 50, 250 and 750 

mg/kg/day from gestational day to post natal day 14. A number of markers of male sexual 

development were monitored in the pups until post natal day 49. A separate group received 

dibutyl phthalate as a positive control. No change in AGD or fetal testis testosterone 
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concentration was noted on post natal day two. An increased incidence of MNGs was noted in 

the two highest DINP dose groups. A reduction of AGD was noted on PND 14 in the high dose 

DINP males. No increase in nipple retention was noted in males for any DINP group at PND 14. 

At PND 49 no changes were observed in any DINP treated group. DINP did not alter AGD, 

nipple retention, nor did it produce reproductive tract malformations on PND 49. Effects 

observed in the DBP group included reduced AGD, increased incidence of MNG on PND 2, 

increased nipple retention and male reproductive malformations on PND 14 and 49. Global 

endpoint analysis indicated that the data were not consistent with a rat “phthalate syndrome” on 

PND 49 with DINP administration. Thus while, DINP reduces testicular testosterone content in 

the fetal male rat, the reduction is not sufficient to result in permanent alterations of the male rat 

reproductive tract.  

 

One other line of research omitted from the HID addresses species difference in response of the 

developing male reproductive tract. Whereas rats are sensitive to alteration of male reproductive 

tract development, other species appear refractory to this effect. Marmosets and fetal mice do not 

demonstrate alteration of testosterone dependent male reproductive tract development following 

exposure to phthalate esters (Gaido et al., 2007; McKinnell et al., 2009). Further, mice and 

marmosets do not demonstrate a reduction of fetal testosterone levels following exposure to 

phthalates. Experiments using human fetal testes explants demonstrate that human testes tissue is 

refractory to reduction of testosterone synthesis following exposure to phthalates either in vitro 

or transplanted in rodent hosts (Lambrot et al., 2009, Mitchell et al., 2012; Heger et al., 2012).  

 

A study designed similarly to the Hershberger bioassay screen for anti-androgenic chemicals 

provided an assessment of the anti-androgenic properties of DINP (Lee and Koo, 2007). Seven 

days after surgical castration (removal of testes and epididymides, followed by recovery and 

growth regression), young male rats were administered 0.4 mg/kg/d testosterone propionate (sc) 

plus an oral gavage dose of 20, 100 or 500 mg/kg/day DINP. This treatment was repeated for 10 

days, after which the animals were killed and target organs weights collected. DINP showed 

significant reductions in seminal vesicle weight at all dose levels, but not in a dose-related 

manner. The biological plausibility of these data cannot be further investigated without the 

individual animal data or the historical data for these endpoints in these laboratories. The 

reported results do not meet the OECD criteria and thus should not be used as evidence that 

DINP is an androgen antagonist. 

 

The description of the Borch et al., 2004 study as reported in the HID is not accurate. In a study 

designed to test effects on testosterone synthesis, 32 pregnant female rats were exposed to either 

300 mg/kg-bw DEHP or 750 mg/kg-bw DINP, alone or in combination, from gestation day 7 to 

gestation day 21 (Borch et al., 2004). The dams were sacrificed on gestation day 21 and the pups 

were harvested for analysis of testicular testosterone production, testicular testosterone content, 

plasma testosterone levels, and plasma luteinizing hormone (LH) levels. The results indicated 

that testicular testosterone production and testicular testosterone content were significantly 

decreased in the DINP-exposed pups while plasma testosterone and plasma LH levels were 

unaltered (this is reported differently in the HID). At best the Borch paper demonstrates that high 

dose DINP treatment can reduce testicular testosterone content.  

In contrast to the findings reported by Gray et al. (2000) and Boberg et al. (2011), no anti-

androgenic effects were observed in male offspring of pregnant rats exposed to higher levels of 
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DINP in the diet (Masutomi et al., 2003). DINP was administered to Sprague-Dawley rats at 

concentrations of 400, 4000, and 20,000 ppm from gestational day 15 to PND 10. Offspring were 

examined in terms of anogenital distance, prepubertal organ weights, onset of puberty, estrous 

cyclicity, and organ weights and histopathology of endocrine organs at adult stage (week 11) as 

well as the volume of sexually dimorphic nucleus of the preoptic area (SDN-POA). No 

antiandrogenic effects or malformations male rat reproductive tract were observed. DINP, at the 

very high dose of 20,000 ppm (~1165 – 2657 mg/kg/day) exerted severe toxic effects on both 

dams and offspring, and slight degeneration of Sertoli cells and meiotic spermatocytes noted in 

the adult stage was observed. DINP did not alter any parameters in the females except for slight 

ovarian changes in the adult stage (i.e. marginal decrease in the number of corpora lutea), 

providing additional evidence that DINP does not cause estrogenic effects. In addition, no 

change in the volume of the SDN-POA was observed. There were also no testicular or 

reproductive effects in a two-generation reproductive toxicity test of DINP (Waterman et al., 

2000). 

 

The HID notes binding and activation of the estrogen receptor by DINP as reported by (Harris et 

al., 1997). In the recombinant yeast screen, a gene for a human estrogen receptor was integrated 

into the main yeast genome and was expressed in a form capable of binding to estrogen response 

elements, controlling the expression of the reporter gene lac-Z (when receptor is activated, the 

lac-Z is expressed). DINP was tested at concentrations ranging from 10
-3

 M to 5x10
-7

 M. DINP 

behaved un-reproducibly in the yeast screen. DINP was also tested for the ability to stimulate 

proliferation of human breast cancer cells (MCF-7 and ZR-75 cells). DINP produced no effects 

in the MCF-7 assay. In the ZR-75 cells, DINP at concentrations of 10
-5

, 10
-6

 and 10
-7

 M induced 

proliferation to a significantly greater extent than the control, which is in contrast to the findings 

for this chemical using the yeast screen. It should be noted that these in vitro assays have 

investigated one mechanism of action only, the ability of phthalates to act as estrogen agonists. 

More importantly, it should also be noted that these were tests of phthalate diesters. Under in 

vivo conditions the diesters are metabolized to monoesters which are not estrogen receptor 

agonists. The in vitro data need to be evaluated very carefully as the tests may have involved 

either substances which for all practical purposes do not exist under in vitro conditions or may 

have employed non-physiological conditions. The HID does not identify any of the additional 

work on estrogen receptors using monoester, the predominant metabolite in vivo. The estrogenic 

activities of DINP were further investigated by Zacharewski et al. (1998) in vitro using estrogen 

receptor (ER) competitive ligand-binding and mammalian- and yeast-based gene expression 

assays. No significant responses were observed with DINP or its corresponding monoester in any 

of the in vitro assays. Additionally, there is no indication that MINP, a metabolite of DINP, binds 

to androgen receptors (McKee et al., 2004).  

 

Additionally, in vivo estrogenic potential was evaluated. DINP was administered by oral gavage 

once daily for a period of 4 days to ovariectomized SD rats at doses of 20, 200, or 2000 mg/kg/d 

(Zacharewski et al., 1998). Ethinyl estradiol was used as a positive control. Body weight, uterine 

wet weight and percentage of vaginal epithelial cell cornification on each day were assessed. 

Increases in body weight were observed with DINP in only one of two identical experiments. 

DINP did not increase uterine wet weight or vaginal epithelial cell cornification in immature or 

mature ovarectomized rats. These data confirm that DINP does not have estrogenic activity in 

vivo. 
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As noted by the HID, an increase in the percentage of male rat pups with aerolae was noted by 

Gray et al. (2000) following treatment of pregnant rats from gestational day 12 to PND 4 with 

DINP at 750 mg/kg/day.  More specifically, in this study, the data indicated that at 13 days of 

age, infant males with areolas were observed at an incidence of 22% compared with controls 

(0%). In this study the control incidence for areola retention was reported to be zero, but in a 

subsequent study from the same laboratory, control values were reported as 14% (Ostby et al., 

2001). Adult males exposed perinatally to DINP (4/52 pups) had malformations of testis, 

epididymis, accessory reproductive organs and external genitalia. The low incidence of reported 

effects was without any dose response and with effects of unclear significance using a small 

number of rats. The incidence of effects in DINP treated animals was 7.7% (compared to 82% 

with DEHP treated animals). These effects were considered as toxicologically relevant by Gray 

et al. (2000) based on an assertion that none of these changes had been observed in control 

animals in that laboratory; however, in other laboratories, these changes have been found to be 

present in untreated animals (e.g., Waterman et al., 2000; Clewell et al., 2013b). 

 

Only by pooling of these different effects was statistical significance demonstrated. This type of 

data manipulation is not routinely performed in toxicological safety evaluations, nor is it 

considered good statistical practice. No single endpoint (nipple retention, epididymal agenesis, 

fluid filled testes, testes weight) on its own was significantly different from control values. It 

should also be noted that Gray et al. (2000) did not find any effects on anogenital distance or on 

reduction of testosterone levels in the blood of DINP treated animals.  

 

The HID describes a hypothesis known as the testicular dysgenesis syndrome (TDS). It is 

unclear why this is discussed in detail in a carcinogen listing document. It is hypothesized that 

certain adverse effects noted in male human reproductive development (testicular germ cell 

cancer, cryptorchidism, hypospadias and low sperm count) have a common origin in fetal 

development. The hypothesis has recently been questioned as the effects are caused by different 

mechanisms (Thorup et al., 2010; Nohynek et al., 2013). However, in the HID there are attempts 

to relate changes in testosterone levels during fetal rat development to the development of TDS. 

While phthalate esters do affect fetal testosterone levels in fetal male rats, this effect is not 

observed in other species (mouse, marmoset, human fetal tissue) (Gaido, et al., 2007; McKinnell 

et al., 2009; Mitchell et al., 2012; Heger et al., 2012; Lambrot et al., 2009) due to differential 

regulation and control of testosterone production between these species (Scott et al., 2009). 

DINP did not produce the spectrum of effects identified in the rat counterpart of TDS, named the 

rat “phthalate syndrome” (e.g., Gray et al., 2000; Borch et al., 2004; Boberg et al., 2011; Clewell 

et al., 2013b; Masutomi et al., 2003; Waterman et al., 2000). Additionally DINP did not reduce 

fertility in a two generation reproductive toxicity test (Waterman et al., 2000). Finally, DINP did 

not increase the incidence of testicular tumors in two strains of rats and mice following chronic 

treatment (see comments above). As such the discussion on TDS, as it stands, is highly 

speculative and does not take into account all available data.  

.  

E. HID Section 3.3.7 - Structure Activity Comparisons 

The HID report recognizes the existence of two general groups of phthalates, low molecular 

weight and high molecular weight, but fails to consider the implications of that differentiation on 

their assessment. Much of the structure-activity section focuses on DBP, BBP, and DEHP, all of 
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which are low molecular weight phthalates with different toxicology profiles from DINP. 

Although the report provides carcinogenicity data for those three low molecular weight 

phthalates, it ignores carcinogenicity data for other low molecular weight phthalates, such as 

NTP studies on dimethyl phthalate, diethyl phthalate, and diallyl phthalate. Critically, the report 

provides no explanation for what structure they associate with which activity, which is essential 

to assessing the validity of any structure-activity relationship. 

 

In section 3.3.7, a case is made that DINP, BBP and DEHP share similar tumor profiles, and the 

HID compares available evidence for carcinogenicity, genotoxicity, and receptor binding. Tables 

are provided to summarize these results. The assessment is based on an “any evidence basis,” as 

opposed to a weight-of-the-evidence basis, and as such is at best disingenuous or at worst 

misleading. For example, table 13 compares the presence of tumors following chronic treatment 

of DINP, BBP and DEHP. First, for several of the tumor sites listed, the tumor incidence data are 

not different than the incidence of concurrent and historical controls (pancreatic islet cell tumors 

in female mice and male rats, testicular interstitial cell tumors in male SD rats, endometrial 

adenomas in female SD rats). Second, several of these tumor sites are not concordant across 

species and strains (for example, testicular interstitial cell tumors in SD rats, but not mice or F-

344 rats, MNCL observed only in F-344 rats, not mice or SD rats, endometrial cell adenoma in 

SD rats, not mice or F-344 rats). Further, there is a lack of identification of disparate results in 

the same strain and species when multiple cancer studies exist (observation of MNCL in one 

bioassay conducted on BBP in one sex of F-344 rat, but then absence of MNCL in subsequent 

bioassays in both sexes of F-344 rat). Finally, the table combines tumors of different origins 

within the same organ (for example, identification of pancreas as tumor site results in combining 

acinar cell tumors with islet cell tumors), a practice that does not meet with established criteria 

on combination of tumors (Brix 2010).  

 

To more accurately reflect the weight of the evidence as opposed to any evidence, a detailed 

version of the HID report Table 13 is provided, that separates disparate tumor types and relies on 

statistical difference from concurrent controls and historical control range for the tumors in 

question. Further, the tables indicate species and strain differences in tumors as well as indication 

of reproducibility of finding. These tables provide a better weight-of-the-evidence summary than 

table 13. In the tables, statistical increase in tumor incidence is noted by bold type. As can be 

seen, the structure activity relationship across multiple tumors is not truly apparent. DINP and 

DEHP induce liver adenoma and carcinoma in rats and mice. MNCL is seen sporadically in 

bioassays in F-344 rats. Other tumor types, renal tubule cell, pancreatic acinar cell, pancreatic 

islet cell, testicular interstitial cell, and uterine endometrial cell appear randomly across the 

fourteen bioassays conducted on DINP, DEHP and BBP in different species and strains of 

rodents. As such there is no weight of the evidence for these chemicals sharing similar tumor 

profiles with the exception that DINP and DEHP produce liver adenomas and carcinomas in rats 

and mice. This information is summarized in Tables 4-9 (below).  

 

The statement (HID, p. 46), "DINP has not been evaluated for induction of DNA damage." is not 

correct. In fact DINP has been tested in both of the classical assays for DNA damage (the 

micronucleus test and the chromosome aberration test) as discussed in McKee et al., (2000).  

The statement (HID, p. 48), "DINP has positive results in cell transformation genotoxicity assays 

performed in vitro." is misleading in three ways: 
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 It ignores the fact that seven assays were conducted with negative results in all but one. 

Given it is a single, questionable positive result, it is factually inaccurate to state there 

are positive results (plural). 

 The statement also characterizes the in vitro transformation assay as a "genotoxicity" 

test. In fact, it is claimed that the transformation assay can detect both genotoxic and 

non-genotoxic carcinogens (OECD 2007), so a positive result in a transformation test 

does not help in defining carcinogenesis mechanisms. 

 It relies on a single questionable positive result while giving no weight to the potential 

for false positives and negative results, or the lack of reproducibility across the various 

studies conducted (discussed above in section 3.3.3). 

 

Table 2: Observation of liver tumors (hepatocellular adenomas, carcinomas and neoplastic 
nodules) in rat and mouse chronic bioassays of diisononyl phthalate (DINP), diethyl hexyl 
phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 

Phthalate B6C3F1 Mouse F-344 Rat SD Rat 

DINP Study 2. Significant 
increase in hepatocellular 
carcinomas and adenomas 
and carcinomas combined 
in males and females (two 
highest dose groups)  

Study 1. No statistically 
significant increase in 
hepatocellular carcinoma or 
carcinoma and neoplastic 
nodules in male and female 
rats 
Study 3. Significant increase 
in hepatocellular carcinomas 
and adenomas and 
carcinomas combined in high 
dose males and females 

Study 4. No 
statistically significant 
increase in 
hepatocellular 
carcinoma in males; 
significant increase 
in females (two 
highest dose groups)  

DEHP Study 5. Increased 
incidence of 
hepatocellular adenoma 
and carcinoma in mid and 
high dose males and 
females 
Study 7, 8. Significant 
increase in hepatocellular 
carcinomas in high dose 
males and low and high 
dose females 

Study 6. Increased incidence 
of hepatocellular adenoma 
and carcinoma in mid and 
high dose males and high 
dose females 
Study 7, 8. Significant dose 
trend in males, significant 
dose trend and incidence in 
high dose females 
Study 9. Increased incidence 
of hepatocellular carcinomas 
in high dose females 

Study 10. No 
statistically significant 
increase in 
hepatocellular 
carcinoma in males 

BBP Study 11. No statistically 
significant increase in 
either sex 

Study 11. No statistically 
significant increase in either 
sex 
Study 12. No statistically 

No Data 
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significant increase in either 
sex 
Study 13. No statistically 
significant increase in either 
sex 

Statistically significant increases indicated in bold. 
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Table 3: Observation of pancreatic tumors (pancreatic acinar adenomas and carcinomas or 
pancreatic islet cell adenomas and carcinomas) in rat and mouse chronic bioassays of 
diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 

Phthalate 
Pancreatic Acinar Cell Tumors Pancreatic Islet cell tumors 

B6C3F1 
Mouse 

F-344 Rat SD Rat B6C3F1 
Mouse 

F-344 Rat SD Rat 

DINP Study 2. No 
significant 
increase in 
either sex 

Study 1. No 
significant increase 
in either sex  
Study 3. No 
significant increase 
in either sex 

Study 4. No 
significant 
increase in 
either sex 

Study 2. No 
significant 
increase in 
either sex. 

Study 1. No 
significant 
increase in either 
sex  
Study 3. No 
significant 
increase in either 
sex 

Study 4.No 
significant 
increase in 
either sex 

DEHP Study 5. No 
significant 
increase in 
either sex 
Study 7, 8. 
No 
significant 
increase in 
either sex 
 

Study 6. No 
significant increase 
in either sex 
Study 7, 8. No 
significant increase 
in either sex 
Study 9. No 
significant increase 
in either sex 

Study 10. 
No 
significant 
increase in 
either sex 

Study 5. No 
significant 
increase in 
either sex 
Study 7, 8. 
No 
significant 
increase in 
either sex 

Study 6. No 
significant 
increase in either 
sex 
Study 7, 8. No 
significant 
increase in either 
sex 
Study 9. No 
significant 
increase in either 
sex 

Study 10. 
No 
significant 
increase in 
either sex 

BBP Study 12. 
No 
significant 
increase in 
either sex 

Study 12. No 
significant increase 
in females  
Study 13. Increased 
incidence of acinar 
cell adenomas and 
carcinomas in 
males; No 
significant increase 
in females 
Study 14. Increase 
incidence of acinar 
cell tumors in males 
on ad libitum diet; 
no increase in males 
on dietary 
restriction or 
females on either 
diet  

No Data Study 12. 
No 
significant 
increase in 
either sex 

Study 12. No 
significant 
increase in either 
sex 
Study 13. No 
significant 
increase in either 
sex 
Study 14. No 
significant 
increase in either 
sex 

No Data 

Statistically significant = significant. Significant increases indicated in bold.  
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Table 4: Observation of MNCL in rat and mouse chronic bioassays on DINP, diethyl hexyl 
phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 

Phthalate B6C3F1 Mouse F-344 Rat SD Rat 

DINP Study 2. No statistically 
significant increase in 
either sex 

Study 1 Increased 
incidence in males (two 
highest dose groups)and 
females (highest does 
group) above concurrent 
controls 
Study 3. Increased 
incidence in males and 
females (two highest 
dose groups) above 
concurrent controls 

Study 4.No statistically 
significant increase in 
either sex 

DEHP Study 5. No statistically 
significant increase in 
either sex 
Study 7, 8. No statistically 
significant increase in 
either sex 

Study 6. Increased 
incidence in males (two 
highest dose groups) 
Study 7, 8. No statistically 
significant increase in 
either sex 
Study 9. No statistically 
significant increase in 
either sex 

Study 10. No statistically 
significant increase in 
either sex 

BBP Study 12. No statistically 
significant increase in 
either sex 

Study 12. Increased 
incidence in female rats 
at high dose 
Study 13. No statistically 
significant increase in 
either sex 
Study 14. No statistically 
significant increase in 
either sex 

No Data 

Statistically significant increases indicated in bold. 
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Table 5: Observation of testicular interstitial or Leydig cell tumors (adenoma and carcinomas) 
in rat and mouse chronic bioassays of DINP, diethyl hexyl phthalate (DEHP) and Butyl Benzyl 
Phthalate (BBP) 

Phthalate B6C3F1 Mouse F-344 Rat SD Rat 

DINP Study 2. No statistically 

significant increase in 

interstitial cell tumors in 

males 

Study 1. No increase in 

interstitial cell tumors in 

males 

Study 3. No increase in 

interstitial cell tumors in 

males 

Study 4.No statistically 

significant increase in 

interstitial cell tumors in 

males 

DEHP Study 5. No statistically 
significant increase in 
interstitial cell tumors in 
males 
Study 7, 8. No statistically 
significant increase in 
interstitial cell tumors in 
males 

Study 6. Decreased 
incidence in interstitial 
cell tumors in males 
Study 7, 8. Decreased 
incidence in interstitial 
cell tumors in males  
Study 9. No statistically 
significant increase in 
interstitial cell tumors in 
males 

Study 10. Increased 
incidence in Leydig cell 
tumors in males 

BBP Study 12. No statistically 

significant increase in 

interstitial cell tumors in 

males 

Study 12. No statistically 

significant increase in 

interstitial cell tumors in 

males 

Study 13. No statistically 

significant increase in 

interstitial cell tumors in 

males 

Study 14. No statistically 

significant increase in 

interstitial cell tumors in 

males 

No Data 

Statistically significant increases indicated in bold. 
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Table 6. Observation of renal tubule cell tumor (adenomas and carcinomas) in rat and mouse 
chronic bioassays of diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl 
Benzyl Phthalate (BBP) 

Phthalate B6C3F1 Mouse F-344 Rat SD Rat 

DINP Study 2. No statistically 
significant increase in 
either sex 

Study 1. No statistically 
significant increase in 
tubular cell adenoma in 
either sex  
Study 3. No statistically 
significant increase in 
tubular cell adenomas in 
females; increased 
incidence in tubular cell 
adenomas in high dose 
males in recovery group 

Study 4. No statistically 
significant increase in 
either sex 

DEHP Study 5. No statistically 
significant increase in 
either sex 
Study 7, 8. No statistically 
significant increase in 
either sex 

Study 6. No statistically 
significant increase in 
either sex 
Study 7, 8. No statistically 
significant increase in 
either sex 
Study 9. No statistically 
significant increase in 
either sex 

Study 10. No statistically 
significant increase in 
either sex 

BBP  Study 12. No statistically 
significant increase in 
either sex 

Study 12. No statistically 
significant increase in 
either sex 
Study 13. No statistically 
significant increase in 
either sex 
Study 14. No statistically 
significant increase in 
either sex 

No Data 

Statistically significant increases indicated in bold. 
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Table 7. Observation of uterine endometrial tumors (adenomas and carcinomas) in rat and 
mouse chronic bioassays on diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and 
Butyl Benzyl Phthalate (BBP) 

Phthalate B6C3F1 Mouse F-344 Rat SD Rat 

DINP Study 2. No statistically 
significant increase in 
females  

Study 1. No increase in 
endometrial tumors in 
females  
Study 3. No increase in 
endometrial tumors in 
females 

Study 4.No statistically 
significant increase in 
females  

DEHP Study 5. No statistically 
significant increase in 
females  
Study 7, 8. No statistically 
significant increase in 
females  

Study 6. No statistically 
significant increase in 
females  
Study 7 8. No statistically 
significant increase in 
females  
Study 9. No statistically 
significant increase in 
females 

Study 10. No statistically 
significant increase in 
females 

BBP Study 12. No statistically 
significant increase in 
females  

Study 12. No statistically 
significant increase in 
females 
Study 13. No statistically 
significant increase in 
females 
Study 14. No statistically 
significant increase in 
females 

No Data 

Statistically significant increases indicated in bold. 
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Data sources for Tables 4-9:  
 

DINP 

Study 1. Lington, AW, Bird, MG, Plutnick, RT, Stubblefield, WA and Scala, RA(1997). 

Chronic toxicity and carcinogenic evaluation of diisononyl phthalate in rats Fundam. Appl. 

Toxicol. 36: 79-89.  

 

Study 2. Moore, MR (1998). Oncogenicity study in mice with di(isononyl)phthalate including 

ancillary hepatocellular proliferation and biochemical analysis. Covance Laboratories, Inc. 

Vienna, VA. Study No. 2598-105.  

 

Study 3. Moore, MR (1998). Oncogenicity study in rats with di(isononyl)phthalate including 

ancillary hepatocellular proliferation and biochemical analysis. Covance Laboratories, Inc. 

Vienna, VA. Study No. 2598-104.  

 

Study 4. Biodynamics, Inc. (1986). A chronic toxicity carcinogenicity feeding study in rats with 

Santicizer 900. Submitted to Monsanto Company by Biodynamics, Inc. Project No. 81-2572. 

June 20, 1986.  

 

DEHP 

Study 5. Moore MR (1997) Oncogenicity study in mice with Di (2-ethylhexyl)phthalate 

including ancillary hepatocellular proliferation and biochemical analyses. Corning Hazleton 

Incorporated (CHV), 9200 Leesburg Pike, Vienna, Virginia 22182-1699. Laboratory Study 

Identification: CHV 663-135; Sponsor: Eastman Chemical Company, First America Center, P.O. 

Box 1994 Kingsport, Tennessee 37662-5394 

 

Study 6. Moore MR (1996) Oncogenicity study in rats with Di (2-ethylhexyl)phthalate including 

ancillary hepatocellular proliferation and biochemical analyses. Corning Hazleton Incorporated 

(CHV), 9200 Leesburg Pike, Vienna, Virginia 22182-1699. Laboratory Study Identification: 

CHV 663-134; Sponsor: Eastman Chemical Company, First America Center, P.O. Box 1994 

Kingsport, Tennessee 37662-5394 

 

Study 7. Kluwe WM, Haseman JK, Douglas JF and Huff JE (1982) The carcinogenicity of 

dietary di-(2-ethylhexyl) phthalate (DEHP) in Fischer 344 rats and B6C3F1 mice. J. Toxicol. 

Environ. Health 10, 797-815. 

 

Study 8. NTP (National Toxicology Program) (1982) Carcinogenesis bioassay of di(2-

ethylhexyl) phthalate in F-344 rats and B6C3F1 mice (feed study). NTP Technical Report No. 

217, 01-82.  

 

Study 9. Cattley RC, Conway JG and Popp JA (1987) Association of persistent peroxisome 

proliferation and oxidative injury with hepatocarcinogenicity in female F-344 rats fed di-(2-

ethylhexyl) phthalate for 2 years. Cancer Lett. 38, 15-22. 

 

Study 10. Berger MR (1995) Combination effect of three non-genotoxic carcinogens in male SD 

rats. Proceedings of the American association for cancer research annual meeting. 36 (0), 133. 
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BBP  

Study 12. NTP (1982) National Toxicology Program. NTP-80-25, NIH Publication No. 82-1769. 

Technical Report series no. 213. Carcinogenesis bioassay of butyl benzyl phthalate in F-344/N 

rats and B6C3F1 mice (feed study).  

 

Study 13. NTP (1997) National Toxicology Program. Report No. 458, NIH publication No. 97-

3374. Toxicology and carcinogenesis studies of butyl benzyl phthalate in F-344/N rats (feed 

studies). 

 

Study 14. NTP (1995) National Toxicology Program. Report No. 460, NIH publication No. 95-

3376. Effects of dietary restriction on toxicology and carcinogenesis studies in F-344/N rats and 

B6C3F1 mice. 

 

 

V. HID SECTION 4 – MECHANISM 

Section 4 of the HID discusses the underlying “mechanisms” for tumor induction in rats and 

mice in the carcinogenesis studies of DINP. Strictly speaking, since the precise mechanism for 

tumor induction is unknown, it would be better to speak about “modes of action.” With respect to 

liver cancer, the discussion can best be understood in the context of the mode of action (MOA) 

first proposed by Klaunig et al. (2003) (recently updated by Corton et al., 2013) that the liver 

tumors in rodents are the consequence of a process involving the induction of the peroxisome 

proliferator-activated receptor alpha (PPARα). As shown in Figure 2 of Corton et al. (2013), 

DINP is metabolized to its corresponding monoester (mono-isononyl phthalate, MINP) which is 

a PPARα agonist.  

 

Following PPARα activation there are a sequence of steps including alteration in cell growth 

pathways [leading to liver enlargement with associated hepatocyte proliferation and a series of 

associative events including induction of metabolizing enzymes and peroxisome proliferation]; 

perturbation of cell growth and survival [including inhibition of apoptosis]; and clonal expansion 

of pre-neoplastic foci [for which tumor necrosis factor alpha (TNFα), and inhibition of gap 

junction intracellular communication (GJIC) are modulating factors]. Some of these changes 

persist for the entire exposure period; however, the process of liver enlargement (and associated 

cell proliferation) is an early event which reflects the response of the rodents to cope with the 

increased metabolic demands.
13

 The increase in liver size and weight is observed within the one 

to two weeks following initiation of exposure, but once a new equilibrium is established, the 

livers remain enlarged until the end of the exposure period, and then they return to their pre-

exposure conditions. Liver tumor induction is believed to be a consequence of this cascade of 

events, but the precise mechanism is unknown.  

 

                                                 

13
  Corton et al. (2013) specifically noted that “weaker” PPARα activators such as DEHP do not induce 

chronic cell proliferation. 
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Mechanistic questions notwithstanding, there are both quantitative and qualitative reasons to 

believe that the induction of liver tumors by DINP is rodent-specific and not relevant to tumors. 

Humans have functional PPARα (hPPARα) which is similar but not precisely the same as the rat 

(rPPARα) and mouse (mPPARα) receptors. There is evidence that humans have lower 

constitutive levels of PPARα receptors than do the rodents (e.g., Palmer et al., 1998), and MINP 

is a less avid agonist for the hPPARα than for the corresponding rat or mouse receptors (Bility et 

al., 2004).
14

 Importantly, there is also a qualitative difference, specifically that activation of 

PPARα does not trigger the same sequence of events in humans as it does in rodents, and the 

various liver responses that are observed in rodents are not observed in studies of primates (Pugh 

et al. 2000; Hall et al. 1999) or in human or primate cells in culture (Benford et al., 1986; 

Hasmall et al., 1999; Kamendulis et al., 2002; Shaw et al., 2002).  

 

In assessing the applicability of the PPARα-mediated mode of action to the current situation, the 

IARC criteria are the most relevant. More specifically the criteria established by IARC to make 

the determination that liver tumors in rats and mice are the consequence of a PPARα –mediated 

process and not relevant to humans are (IARC, 1995 at 12-13): 

 

(a) Information is available to exclude mechanisms of carcinogenesis other 

than those related to peroxisome proliferation.  

(b) Peroxisome proliferation (increases in peroxisome volume density or fatty 

acid -oxidation activity) and hepatocellular proliferation have been 

demonstrated under the conditions of the bioassay.  

(c) Such effects have not been found in adequately designed and conducted 

investigations of human groups and systems. 

In this context, the most important issue relating to criteria (1) the exclusion of other mechanisms 

of carcinogenicity is that the substance in question is not genotoxic. The most important issue 

relating to criteria (2) is that the indicators of peroxisomal proliferation must be shown to occur 

under the conditions of the bioassay, and the most important issue relating to criteria (3), the 

requirement to demonstrate species specificity, is that the effects associated with PPARα
15

 

induction do not occur in primates and/or human cells in culture. As discussed below, the DINP 

data meet all these criteria. 

 

                                                 
14  For purposes of this discussion, note that Bility et al. (2004) reported that under in vitro conditions agonism for human 

PPARα required concentrations of MINP > 30 µM. However, in the same article it was reported that the geometric mean 

serum concentrations of the monoester of DEHP in the US population were approximately 14 nM. Thus, although the results 

of the in vitro systems are interesting, they suggest that the conditions that could lead to produce receptor interactions are 

outside the physiological range of the US population.  

15  One of the classical observations was that some substances that caused liver tumors in rodents also caused an increase in 

organelles in the hepatocytes as a means to deal with the increased metabolic demands. The organelles were referred to as 

“peroxisomes” and the observation as “peroxisome proliferation”. In recent years it has become clear that this rodent-

specific response is a consequence of PPARα induction, and the entire cascade of events, including the increase of 

peroxisomes in the liver is referred to as a PPARα-mediated process.  
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A. Section 4.1 – Genotoxicity 

The section on genotoxicity (section 4.1) is incomplete and presented in a misleading way.  

As noted in the previous section, in so far as the IARC criteria are concerned, the information on 

genotoxicity is necessary as a way of differentiating a PPARα-mediated process from a process 

involving a direct mutagenic event. (The emphasis is added to indicate that indirect DNA 

damage, which might be the consequence of oxidative damage, is an element of the PPARα 

mode of action, not a separate and distinct mechanism). Normally such evidence would come 

from a battery of genetic toxicity tests addressing the potential for both gene mutation and 

chromosomal breakage. As documented by McKee et al. (2000) and Barber et al. (2000), and 

summarized in Table 8, DINP has been tested for gene mutation under in vitro conditions, with 

no evidence of mutagenic potential in tests in Salmonella or mouse lymphoma cells. It was also 

shown that DINP does not cause chromosomal effects in CHO cells under in vitro conditions. 

DINP did not cause chromosomal damage under in vivo conditions as assessed by classical bone 

marrow assays in rats, nor did it increase the frequency of micronuclei when tested in mice. The 

HID did not mention that there was also an unscheduled DNA synthesis assay in rat hepatocytes 

conducted under in vitro conditions in which no evidence of DNA damage was reported, and the 

details of the chromosomal aberration assay were reported incorrectly. 

Table 10: Summary of Genetic Toxicology Information on DINP 

 Test System Result Reference 

Salmonella (plate incorporation) negative (+/- S9) McKee et al., 2000 

Salmonella (preincubation)  
negative (+/- S9) 

McKee et al., 2000;  
Zeiger et al., 1985 

Mouse lymphoma negative (+/- S9) Barber et al., 2000 

Cytogenetics (in vitro) negative (+/- S9) McKee et al., 2000 

Unscheduled DNA synthesis (rat 
hepatocytes ) 

negative 
Litton Bionetics, 1981 

Mouse micronucleus test negative McKee et al., 2000 

Cytogenetics (rat bone marrow, 
in vivo)) 

negative 
Microbiological Associates, 1981b 

  

The second paragraph in section 4.1 of the HID claims that the assessment of the genotoxic 

potential of DINP was incomplete because there was no assessment of oxidative DNA damage. 

However, this is misleading as it suggests that this constitutes a separate mode of action for liver 

tumor induction. As discussed in the letter by Swenberg (2001) and documented in the paper by 

Rusyn et al. (2000) oxidative damage is the consequence of the generation of reactive oxygen 

species through the metabolic pathways induced by PPARα agonism. In other words, the 

production of DNA damage is consistent with the PPARα mode of action and is rodent-specific. 

Although the potential for oxidative damage was not directly assessed, there is indirect evidence 

that it did occur in wild type mice following DINP treatment. As reported by Valles et al. (2003) 

up-regulation of DNA repair enzymes was noted in their studies of wild type mice, but not in 

PPARα-deficient mice, further substantiating the role of oxidative damage in the PPARα mode 

of action. 

 



 

3-27 

Finally, the last sentence in the paragraph “It has also been noted that Kupffer cell (liver resident 

macrophages) activation by peroxisome proliferators (PP) involves the generation of ROS 

[reactive oxygen species]…” is true but may be misleading. The cascade of events following 

PPARα induction involves Kupffer cell activation, and that this in turn leads to cell proliferation 

and ultimately liver tumors in rodents. In short, Kupffer cell activation is part of the PPARα 

mode of action, not a separate genotoxic process.  

 

B. HID Section 4.2 – Activation of Peroxisome Proliferator Activated Receptor 

(PPAR) 

1. HID Section 4.2.1 – PPARα activation and liver tumor induction 

The section dealing with PPARα activation (section 4.2.1) is incomplete, misleading in some 

aspects, and draws a conclusion based on an incorrect understanding of the experimental 

procedures. In order to understand the relationship between PPARα activation it is important to 

be clear on the mode of action. For DINP, the key events include: 

 

1. metabolism of DINP to MINP; 

2. activation of the PPARα receptor; 

3. alteration in cell growth pathways (e.g., oxidative stress, TNFα production, reduced gap 

junction intercellular communication);  

4. perturbation of cell growth and survival (i.e., cellular proliferation); and 

5. selective clonal expansion of pre-neoplastic foci cells. 

 

As discussed in more detail below, the evidence from studies in primates and human cells in 

culture provide evidence that PPARα receptor activation can occur but do not lead to alteration 

in cell growth pathways or any of the down-stream events. There are also a number of either 

associated events or modulating factors which may be either directly or indirectly the due to 

PPARα induction. The extent to which these play a role in tumor induction is unclear, but at the 

very least they are consequences of PPARα induction and not separate or alternative 

carcinogenic mechanisms. 

 

Species differences in the consequences of PPARα activation -- As summarized above, 

humans have PPARα receptors which can be activated by phthalate monoesters including MINP. 

There may be quantitative differences between humans and rodents in terms of both receptor 

density and agonism, and, to some extent, these are reflected in the HID. But what is not said, 

although this information was provided in previous comments (ExxonMobil, 2010) and is 

directly relevant to IARC criteria (3), is that PPARα activation in humans leads to a different 

sequence of events than it does in rodents. More specifically, the sequence of events associated 

with the PPARα mode of action are species-specific and do not occur in humans. As documented 

in previous comments (ExxonMobil, 2010), liver changes associated with PPARα agonism in 

rodents do not occur in primates (Pugh et al., 2000; Hall et al., 1999) or in human or primate 

cells in culture (Benford et al., 1986; Hasmall et al., 1999; Kamendulis et al., 2002, Shaw et al., 

2002). Thus there is clear evidence that the PPARα mode of action which is postulated to lead to 

liver tumor induction in rodents, does not occur in humans or other primates.  
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Evidence that DINP causes liver tumors in rodents via a PPARα-mediated process -- The 

criteria to determine whether or not a substance causes liver effects in rodents via a PPARα-

mediated process, were defined by an ILSI workshop in 1995 (Cattley et al., 1998). The studies 

by Moore et al. (1998a, b) were designed in order to assess whether peroxisome proliferation 

was a plausible explanation for liver tumor induction and included assessments of liver weight 

increase, peroxisome proliferation, and cell proliferation in the studies of both rats and mice. 

However, the assessments in rats were made at all of the doses used in the study whereas those in 

mice included only the high dose and control animals.  

With respect to IARC criteria (2), data documenting peroxisome proliferation, liver enzyme 

induction and hepatocellular proliferation were obtained in these studies, but the requirement that 

these changes be demonstrated under the conditions of the bioassay was, strictly speaking, only 

met for the rats. To test whether effects consistent with a PPARα mode of action did occur in 

mice under the conditions of the bioassay, a study was conducted in which male and female mice 

were given DINP for periods of 1-4 weeks at doses corresponding to those used in the bioassay 

(Kaufmann et al., 2002). Parameters assessed included peroxisomal proliferation, palmitoyl CoA 

induction, and cell proliferation. Liver weights, peroxisomal volume and peroxisomal enzyme 

activity were significantly elevated in male and female mice at the tumorigenic levels; apoptosis 

was also elevated paralleling the increases in liver weights. Cell proliferation was also elevated 

in male and female mice although the increases at levels below 4000 ppm in female mice were 

not significantly different from control values. These data provided evidence that DINP is a 

relatively weak PPARα agonist.  

 

A similar investigation was conducted in wild type and PPARα-null mice to provide direct 

evidence for PPARα agonism. As expected, DINP treatment induced cell proliferation and 

palmityl CoA and up-regulated PPARα-dependent genes in wild type mice but not in PPARα-

null mice, providing direct evidence that PPARα activation is required to produce the 

characteristic changes in mouse liver (Valles et al., 2003). 

 

The DINP cell proliferation data are consistent with the PPARα MOA -- In the section of the 

HID entitled Role of PPARα-activation in DINP induced liver tumors (HID, p. 54), the statement 

is made that “However, the data on short-term induction of hepatocellular proliferation in DINP-

exposed B6C3F1 mice are inconsistent and long-term hepatocellular proliferation has not been 

shown to occur in DINP-exposed rats….” This reflects a lack of understanding of the sequence 

of events following PPARα activation. In fact, hepatocellular proliferation is typically observed 

during the first few weeks of treatment but not at later times. As noted by Corton et al. (2013), 

“All PPARα activators in a dose-dependent manner produce an increase, albeit transient, in 

replicative DNA synthesis during the first few days or weeks of exposure…After this initial burst 

in replication, baseline levels of hepatocyte replication are approached while the liver remains 

enlarged….”(p.12). Further, as previously noted, with weak PPARα agonists (DEHP was given 

as the example), cell proliferation can only be distinguished for a relatively short period of time 

following initiation of exposure.  

 

The HID (p 56) states that the inconsistency of the short-term hepatocellular proliferation in 

DINP-exposed rats and mice and the lack of sustained long-term hepatocellular proliferation in 

DINP-exposed rats suggest that PPARα activation may not be causally related to DINP-induced 

liver tumors in rats and mice. As stated in the HID Summary section, hepatocellular proliferation 
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in rats and wild type mice was reported to be associated with tumorigenic doses of DINP 

(Moore, 1998a;b; Smith et al., 2000; Valles et al., 2003; Kaufmann et al., 2002) when the 

assessments were made within the first few weeks of initiation of treatment, but hepatocellular 

proliferation was not observed at lower doses, after longer times, or in PPARα-null mice. As 

explained in the preceding paragraph as well as the expert reviews on this subject (e.g., Klaunig 

et al., 2003, Corton et al. 2013), these are precisely the responses that one would expect to be 

associated with a weak PPARα agonist.  

 

IARC has not changed its position on the PPARα MOA -- The HID implies that the IARC 

(2012) reevaluation of the carcinogenicity of DEHP is an indication that IARC has modified the 

position taken in 1995, but this is not the case. As stated in the HID: 

 

IARC reevaluated the carcinogenicity of DEHP in 2013, and based in part on the Ito et al. 

(2007) and Yang et al. (2007) data, changed its classification to group 2B. In its 

reevaluation of DEHP carcinogenicity, IARC stated “multiple molecular signals and 

pathways in several cell types in the liver, rather than a single molecular event, contribute 

to the induction of cancer in rats and mice. Thus, the relevance to human cancer of the 

molecular events that lead to cancer elicited by di(2-ethylhexyl) phthalate [DEHP] in 

several target tissues (e.g. the liver and testis) in rats and mice cannot be ruled out.”  

 

 

The IARC conclusion on DEHP, however, does not represent a change in its 1995 position, nor 

does it challenge the PPARα MoA for rodent liver tumors. The mode of action framework 

establishes that key events are a necessity, but not necessarily sufficient to lead to the outcome. 

The new data by Ito et al and Yang et al provide information on other mechanisms that may 

contribute to the liver tumors and when PPARα activation is blocked, but this information is “not 

necessarily sufficient”, and neither piece of evidence contradicts the view that PPARα activation 

is a key event and a necessity for rodent liver tumors caused by PPARα agonist compounds. 

Additionally there are key aspects of each study that question their overall relevance (discussed 

further below).  

 

A re-evaluation of the mode of action by a panel of experts (Corton et al., 2013) addressed 

potential weaknesses in the PPARα mode of action and categorized the weaknesses as major or 

minor. The expert panel reviewed the data from Ito et al. (2007) and determined that there was a 

weakness in the findings, specifically that there was evidence of tumor induction in only the 

PPARα-null mice. 

 

The panel concluded that, with respect to the PPARα mode of action, the Ito data 

represented a minor weakness. The specific statement from the panel was that “under 

these exposure conditions, there were no increases in liver tumor frequency in the wild-

type mice. Additionally, wild-type and PPARα-null mice exhibited differences in the 

expression of growth control genes that indicate that the tumors arose by different MOAs 

(Ito et al., 2007). Almost all of the genes altered by DEHP in wild-type mice were 

PPARα-dependent (Ren et al., 2010). Because DEHP induces the key events in the 

PPARα MOA, the tumors in wild-type mice arise via a PPARα-dependent MOA” 

(Corton et al., 2013).  
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The overall conclusions from the panel of experts was that “chemical-specific and mechanistic 

data support … the key events associated with many PPARα activators including a phthalate 

ester plasticizer di(2-ethylhexyl) phthalate (DEHP)” and the majority of the work group felt that 

the rodent MOA was “not relevant to humans”, with a minority feeling it was “unlikely to be 

relevant to humans.” (Corton et al, 2013). 

 

The Ito et al. study is insufficient to demonstrate an alternate non-PPARα mechanism -- Ito 

et al. (2007) compared the effects of long-term dietary exposure of up to 0.05% DEHP on liver 

toxicity of wild type (+/+) and PPARα null (-/-) mice. They used a knockout PPARα -/- mouse 

strain, produced according to the method published by Lee et al. (1995), which is designed to 

cause both PPARα alleles in the mouse to be replaced by inactivated alleles, using the 

homologous recombination technique. Four biological endpoints were assessed after 24 months 

of treatment; the endpoints were referred to as: macroscopic liver findings, including tumors; 

microscopic liver findings; oxidative damage (8-hydroxy-2’-deoxyguanosine (8-OHdG) levels) 

and proto-oncogene expression levels (mRNA and/or protein). Ito et al. reported a statistically 

significant increase in the number of total liver tumors (i.e., hepatocellular carcinomas, 

hepatocellular adenomas and cholangiocarcinomas) from 2 – 8 (10 – 25.8%) between the wild 

type and knockout mice fed the top dose DEHP diet (p<0.05). 

 

On the basis of their data, Ito et al. proposed an alternative mode of action for DEHP induced 

liver tumors independent of PPARα activation: DEHP-induced oxidative stress in mouse 

hepatocytes leading to inflammation and the activation of protooncogenes. However, several 

factors bring into question the utility of this paper for assessing DEHP (or by read-across, DINP) 

rodent carcinogenicity and the role (or lack of a role) of PPARα. The following explicates these 

limitations. 

 

Ito -- PPARα Null Mouse Model  

 

Ito et al. reported the use of a PPARα null mouse strain produced according to a method 

published by Lee et al. (1995). The Lee et al. knockout mouse had both PPARα alleles replaced 

using the homologous recombination technique. It should be noted that in a knockout model, the 

possibility that other genes overlap with the PPARα function cannot be eliminated. Lee et al. 

were able to demonstrate that their PPARα mice no longer had detectable levels of the PPARα 

gene, mRNA or protein via the Southern, Northern and Western blotting techniques, 

respectively. Ito et al. (2007) provide no such data, and though the animals may have been 

provided from those derived by Lee et al. it is essential to confirm the genotypic status of the 

mice being used. No mention of genotype confirmation was given other than PPAR mRNA 

measurement, which was not reported and only evaluated in wild-type animals. Without 

supporting data, the authors cannot demonstrate that their animals were truly PPARα knockouts. 

 

Ito - Survival Rates 

 

Ito et al. reported percent survival for the control (i.e., 0% DEHP) wild type mice and the PPARα 

null mice through 23 months to be 96%. This survival rate is significantly higher than that earlier 

reported by Howroyd et al. (2004), where the percent survival for 22 wild-type and 12 null mice 
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at 23 months were ~60% and 35%, respectively. As Ito et al. and Howroyd et al. both cite the 

same laboratory and background for their mice, the mice used by the two research groups 

apparently are from the same stock colony. The survival rates reported by Howroyd et al. are 

much more in line with typical survival rates of transgenic mouse strains. Therefore, the 

unusually high survival rates reported by Ito et al. raise serious questions about their data. Ito et 

al. did not address in their paper why the survival rate in their study was so different from that of 

the earlier Howroyd et al. study. 

 

Ito - Liver Weight 

 

Ito et al. reported no significant effect on bodyweight or liver weight in either the wild or the null 

mice. However, the data suggest a trend towards an increase in liver weight for the PPARα -/- 

(null) animals, especially the 0.05% DEHP exposed group (+/+ mean = 1.27g ±0.18; -/- mean = 

1.78g±0.84). A trend of increased liver weight was not observed in the wild mice, though a trend 

increase of liver to % body weight was seen in rats treated with DEHP at similar dose levels 

(Poon et al 1997). In addition, the data indicate that peroxisome proliferation was not occurring 

in the wild-type mice at the doses tested. These results are the opposite of what would be 

expected for a PPARα agonist hepatocarcinogen (Klaunig et al., 2003). If the PPARα mode of 

action was induced in the wild type mice with 0.01 or 0.05% DEHP, then increases in liver 

weight and in size and number of hepatocyte peroxisomes would have been observed (e.g., 

David et al., 1999; Klaunig et al., 2003), whereas no increase in liver weight would be 

anticipated for the null mice. Therefore, the DEHP treated wild-type mice were not an adequate 

control comparison to the DEHP treated null mice in this study. 

 

Ito -8-hydroxy-2’-deoxyguanosine (8-OHdG) Levels 

 

As indicated above, 8-OHdG is a marker of oxidative damage to DNA. Ito et al. reported that 

DEHP treatment dose-dependently increased 8-OHdG levels in the livers of both PPARα null 

mice and wild-type mice; however, the degree of increase was greater in the null mice. This 

could be a reflection of the fact that basal levels of 8-OHdG were significantly higher in the 

PPARα null control (i.e., 0% DEHP) mice than the wild-type control mice, which would indicate 

that the PPARα null mice suffered from an increased hepatic oxidative stress, as compared with 

wild-type mice, with or without DEHP treatment.  

 

Although previous research has suggested that oxidative DNA damage is a PPARα dependent 

event (Rusyn et al., 2004), the Ito data suggest that the mice that they used have higher levels of 

oxidative damage even in the absence of PPARα induction. As oxidative stress increases and 8-

OHdG accumulates, DNA repair is induced as a compensatory mechanism in the wild-type mice. 

Chronic treatment with peroxisome proliferators, including DEHP, has induced increased repair 

in both rat and mouse liver (Rusyn et al., 2000). Ito et al. demonstrated that the mRNA levels of 

an 8-OHdG repair enzyme, 8-oxoguanine DNA-glycosylase 1, were unchanged in both wild-type 

and null mice suggesting that repair was not induced in either the wild-type or null mice. This 

could explain why DEHP-induced increased oxidative stress was observed with both genotypes. 

But this differs from previous reports in which both levels of oxidative damage and DNA repair 

enzymes are elevated in the wild type but not the null mice (e.g., Valles et al., 2002). 
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Ito – Tumors 

 

Ito et al. reported that a statistically significant increase in the number of liver tumors (i.e., 

hepatocellular carcinomas, hepatocellular adenomas and cholangiocarcinomas) from 2 – 8 (10 – 

25.8%) was seen in the null mice fed the top dose DEHP diet (p<0.05). This was mostly due to a 

jump from 2 to 6 in hepatocellular adenoma (i.e., benign tumors) incidence between these two 

groups. Statistical significance was reached only when the total numbers of tumors were 

combined. The IARC working group on DEHP questioned whether it was appropriate to 

combine the cholangiocellular and hepatocellular tumors for statistical analysis (Brix et al 2010), 

noting that when comparing hepatocellular tumors only, there was no statistical difference 

(IARC, 2012). Ito et al. discuss the low number of tumors and report them to be a reflection on 

the relatively low doses of DEHP used in the study in comparison to doses used in other studies. 

Ito et al. criticize earlier work with PPARα animals, arguing that these studies had not been 

carried out for a sufficient period of time, considering that phthalates required a longer time line 

than high affinity agonists such as Wy-14,643. But Ito et al. do not explain why they chose doses 

below those which had been shown in previous studies to induce tumors in the wild type mice, 

and they did not assess doses that had been associated with elevated tumor frequencies in 

previous studies of wild type mice. Given the high incidence of spontaneous tumors in aged mice 

(further discussion below) it is more likely Ito is observing fluctuations in the background 

incidence of liver tumors and not treatment-related effects, especially given the low doses of 

DEHP used in the study.  

 

The utility of the Ito data is limited in that a number of reports have indicated that aged (e.g., 24 

month) PPARα-null mice are more vulnerable to tumorigenesis than wild-type mice, due to 

fundamental mechanistic differences in the two types of mice (Mandard et al., 2004; 

Kostadinova et al., 2005; Balkwill and Couseens, 2005; Pikarsky et al., 2004; Takashima et al., 

2008).  

 

Howroyd et al. (2004) compared age-dependent lesions in the liver, kidney and heart in PPARα-

null mice with those observed in wild-type SV129 mice, in the absence of any chemical 

treatment (SV129 is also the strain used by Ito et al.). Various non-neoplastic spontaneous aging 

lesions occurred at higher incidence, shorter latency, or increased severity in PPARα-null mice 

compared with wild-type mice. In addition, a greater number of hepatocellular carcinomas and 

multiple hepatocellular adenomas were seen in PPARα-null mice compared with wild-type. 

Thus, as increased frequencies of spontaneous tumors are known to occur in the PPARα-null 

mice at 24 months, the Ito et al. data indicate the possibility that DEHP merely promoted the 

formation of the spontaneous liver tumors in the aged null mice. As suggested by Howroyd et al. 

(2004), PPARα may, in fact, delay the development of some spontaneous lesions associated with 

aging in the liver of SV129 mice.  

 

Takashima et al. (2008) examined gene expression profiles of hepatocellular adenoma tissues as 

well as control livers of wild-type and PPARα null mice. The genes identified and hypothesized 

to contribute to spontaneous tumorigenesis (i.e., Gadd45a and caspase 3-dependent apoptosis 

genes) in the null mice were unique to the null mice. These data indicate that the underlying 

biology between the wild-type and knockout mice differs. These fundamental differences 

complicate the interpretation and explanation of liver tumor formation in the null mice. 
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The Guyton et al. interpretation of Ito et al. is flawed -- On the basis of the null-mouse data, 

Guyton et al. (2009) have suggested that a mode of action independent from PPARα may 

contribute to tumorigenesis. However, Guyton et al. attempted to compare chemically induced 

tumor incidences across strains of mice (e.g., SV129 vs. B6C3F1). Such comparison may be 

confounded by the strain-specific susceptibility to spontaneous tumorigenesis (Krupke et al., 

2008). In the most recent evaluation of the mode of action suggested that the evidence from Ito et 

al in the null-mouse was “minor” and that “the tumors in wild-type mice arise via a PPARa-

dependent MOA” (Corten et al., 2013). 

 

Much of the alternative carcinogenic mode of action from Guyton et al. (2009) is based on 

increased oxidative damage in treated null animals in the study by Ito, however Ito’s own data 

indicated the knock out animals were more susceptible to oxidative stress in the absence of 

treatment (increases in 8-OHdG ko vs. wt in control group) and that this effect was dependent on 

age (no difference between animals at 16 wk). An alternative explanation for the results in the Ito 

paper, which is more plausible given the susceptibility of PPARα-null mice to liver tumors, is a 

chance difference in background incidence of hepatocellular adenomas between the groups, 

leading to statistically different levels of gene expression resulting from tumor presence and that 

oxidative damage is not indicative of a treatment related chain of events leading to tumor 

formation. This hypothesis is supported by the liver tumor frequencies in wild-type and PPARα-

null mice as reported by Howroyd et al. (2004) (Table 11). The incidence of hepatocellular 

adenomas in PPARα-null mice reported by Ito (2007) is similar to the frequencies in untreated 

wild-type and PPARα-null mice of the same strain as reported by Howroyd (2004). 

 

Table 11 – Comparison of spontaneous frequencies of liver tumors in wild-type and PPARα-
null mice to those in treated wild-type and PPARα-null mice reported by Ito et al. (2007).  
 

Data source Howroyd et al. (2004) Ito et al. (2007) 

Genotype/ 
Treatment 

Wild-Type PPARα-
null 

PPARα-null Wild-type 
(0.05% 
DEHP) 

PPARα-null  
(0% DEHP) 

PPARα-null  
(0.05% 
DEHP) 

Age (days) 679-941 456-678 679-941 ~ 700 (23 
months) 

~ 700 (23 
months) 

~ 700 (23 
months) 

Hepatocellular 
Carcinoma* 

0(22) 0(19) 2(12) 0(20) 1(25) 1(31) 

Hepatocellular 
Adenoma* 

5(22) 4(19) 6(12) 2(20) 0(25) 6(31) 

*Data are shown as number of tumor-bearing animals divided by the total number of animals 
with tumors. 
 

For all the above reasons, the Ito et al. (2007) data are not sufficient to indicate that, for DINP, 

there is a valid alternative mode of action resulting in liver tumors in rodents other than that 

related to PPARα agonism. 
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Yang et al. is insufficient to show uncoupling of cell proliferation and tumor induction --

Again, as discussed briefly above, there is another experiment which has been cited as evidence 

against a PPARα mode of action. In this study investigators used a genetically engineered form 

of PPARα suggested that cell proliferation and tumor induction could be uncoupled (Yang et al., 

2007). The responses of transgenic mice expressing a constitutively activate form of a PPARα 

fusion protein (VP16PPARα) were compared to those of wild-type mice treated with Wy-14,643 

(Yang et al., 2007). Increased hepatocyte proliferation due to expression of the VP16PPARα 

fusion protein was observed, and Wy-14,643 treatment in wild-type livers led to enhanced 

hepatocyte proliferation. However, expression of the VP16PPARα fusion protein did not result 

in increases in liver tumors even though hepatocyte proliferation was found in the same livers 

(Yang et al., 2007). It is critical however to emphasize a significant limitation to the transgenic 

VP16PPARα fusion protein mouse model. While endogenous PPARα becomes transcriptionally 

active by a number of molecular events observed with many nuclear receptors (conformational 

changes in receptor structure leading to ligand binding, dissociation of co-repressor, recruitment 

of co-activators, and recruitment of auxiliary proteins including RNA polymerase) the 

VP16PPARα fusion protein does not require an agonist (e.g. MEHP, Wy-14,643, etc.) but 

becomes activated by the presence of a viral transactivation domain that causes a number of 

distinctly different effects including protein-protein interactions with general transcription 

factors TFIIA, TFIIB, the TATA-binding protein and TAFII40 components of the multi-subunit 

TFIID, and direct recruitment of RNA polymerase (Hagmann et al., 1997). This is important to 

distinguish because other studies examining the effect of other transcription factor -VP16 fusion 

proteins have found that while the VP16 fusion protein retains the ability to transactivate, it 

cannot induce typical phenotypes observed when the transcription factor is activated through 

endogenous pathways (Schwarz, 1992). This suggests that the VP16PPARα fusion protein could 

lack the ability to induce all of the changes required to cause tumorigenesis. This is consistent 

with another study that compared the transcriptional responses between control and Wy-14,643 

treated VP16PPARα mice, and found a class of genes that were induced by Wy-14,643 but not 

the VP16PPARα fusion protein, and were dependent on endogenous PPARα (Qu et al. 2010). 

These genes included c-Myc, an important regulator of hepatocyte proliferation as well as genes 

that are part of a DNA damage response including Rad51 and Mcm family members. 

 

Thus, the study by Ito et al. does not provide sufficient evidence to suggest that the MOA for 

PPARα activators is not relevant for DEHP-induced liver tumors and the study Yang et al. 

cannot be used to argue that cell proliferation and tumor induction can be uncoupled from 

PPARα activation. These studies are equivocal and even when taken at face value do not 

undermine the PPARα-activated MOA. 

 

PPARα agonist liver response and chemical tumorigenicity -- The HID (p. 54) concludes: 

“The degree to which a PPARα agonist induces liver responses indicative of PPARα activation 

has not been found to correlate with the ability of the chemical to induce liver tumors.” The 

support provided by this statement is that DIDP was three times more potent than DINP for 

induction of hepatic PCoA activity in vivo. This conclusion is flawed in that it: 

 

1. disregards information from other PPARα agonists; 

2. relies of on a single time point, ignoring that the observed difference may time-dependent 

(i.e., at other times which were not observed in the study DINP may exceed DIDP); and 
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3. ignores that in a tumorigenic mode of action there is a series of key events which must 

occur for the final neoplastic effects.  

 

While early events (e.g., PPARα activation, peroxisomal proliferation, and enzyme induction) 

may be similar, because DIDP neither induces hepatocyte hyperplasia (only hypertrophy [Cho et 

al 2011]) nor development of altered cell foci (Cho et al 2008) the process does not advance to 

tumorigenesis. The evidence that DIDP can activate PPARα and trigger peroxisomal 

proliferation, but fails to produce tumors, strengthens the weight-of-evidence for a phthalate 

PPARα MOA.  

 

Thus, the statement presents a one-sided view of the evidence by relying on a single publication, 

while ignoring the breadth of data supporting PPARα agonism being the key MOA for liver 

tumor induction and failing to fully understand the key events on the PPARα MOA for liver 

tumor induction. 

 

2. HID Section 4.2.2 – PPARγ activation 

This section reports evidence that MINP is a PPARγ agonist and suggests that this may represent 

an alternative carcinogenic mechanism for DINP. However, the information is selectively 

provided and could be misinterpreted. 

 

As noted above, the evidence for PPARγ agonism comes from a paper by Bility et al. (2004) 

which compared the human and mouse PPARα and PPARγ receptors under in vitro conditions in 

a transactivation assay system. They reported that MINP caused a dose-dependent increase in 

human PPARγ activity at concentrations of 30µM. As also noted in the paper, serum 

concentrations of MINP are likely to be in the low nM range, so in the base case it seems 

unlikely that the levels of MINP that would be required for PPARγ activation are well above 

those to which humans are exposed.  

 

That information notwithstanding, it is also unlikely that PPARγ activation represents an 

alternative cancer mechanism as one might infer from the report. In fact, based on a recent 

review (Peters et al., 2012), PPARγ agonism seems more likely to be cancer-protective than 

cancer inducing. According to Peters et al. “There are many published studies showing that 

activating PPARγ prevents cancer in tissues such as colon, breast, prostate and lung…. Indeed 

most studies to date show that PPARγ agonists can provide terminal differentiation inhibit cell 

growth and increase apoptosis of human cancer cell lines as well as inhibit tumorigenesis in 

animal models of cancer.” 

 

Further, the information that is provided in the HID is selective. Although two studies are cited 

as evidence that a PPARγ agonist (pioglitazone) causes cancer in humans (Mamtani et al., 2012; 

Azouly et al., 2012), they do not mention the papers by Erdman et al. (2013) Lewis et al. (2012), 

or Tseng (2012) which found no association between pioglitazone treatment in human bladder 

cancer. Additionally, the HID selectively presents only the portion of Tseng and Tseng's 

statements regarding PPARγ and bladder tumors. 
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More specifically, the HID discussion of the Tseng and Tseng (2012) publication neglects to 

present the authors’ statements indicating there are scientific questions regarding the human 

relevance of PPARγ agonist associated tumors observed in rats. Tseng and Tseng specifically 

indicated "Some suggest a 'urolithiasis hypothesis' referring to the formation of urinary solids 

and calculi, which subsequently causes bladder necrosis, regenerative proliferation, hypertrophy, 

and cancer. However, whether these animal findings could have human relevance is not yet fully 

understood. Some argue that the urolithiasis-induced bladder cancer might be rat-specific and 

would probably not be applicable to humans. An effect of increased urinary growth factors 

induced by PPAR agonists, has also been proposed, but this requires more investigations" (Tseng 

and Tseng 2012). 

 

The publication cited in the report indicating MINP is capable of activating human PPARγ 

indicates the lowest concentration inducing a response was 30 uM (Bility et al 2004). Reported 

EC50 values of pioglitazone for PPARγ are 0.99 and 0.93 uM for humans (Kuwabara et al 

2004). This indicates pioglitazone is substantially more active than MINP for PPARγ activation. 

Bility also compared human and mouse PPARγ activation by MINP, showing that the mouse 

was 10 times more sensitive than the human for PPARγ activation. Given the differences in 

activity for PPARγ activation, as well as species-related differences for sensitivity of PPARγ to 

MINP, it is questionable as to whether data on pioglitazone is suitable to inform any potential for 

risk of bladder cancer from DINP. 

 

Furthermore, the peer reviewed literature includes multiple reviews discussing anti-neoplastic 

effects from PPARγ activation (Kotta-Loizou et al 2012; Sugawara et al 2011; Nemenoff 2007; 

Wang et al 2006; Peters et al., 2012) which were not discussed in the report. A rigorous 

assessment of the potential for DINP cause carcinogenesis via a PPARγ mediated mechanism 

should include examination of evidence that PPARγ ligands as a group can be carcinogenic, not 

simply cite information from pioglitazone (which itself has PPARγ independent activities 

[Hoffmann et al 2012; Thal et al 2011; Birnbaum et al 2011]). 

 

The HID provides a decidedly unbalanced analysis of the hypothesis that DINP may induce 

tumors via a PPARγ dependent mechanism in its analysis of the available information, having 

provided only a cursory selection of a small amount of information in its current state is highly 

speculative due to its reliance on pioglitazone as an indicator of potential hazard. 

 

C. HID Section 4.3 – Activation of CAR and PXR 

The observations are from two studies (deKeyser et al., 2009; 2011). Both studies were in vitro 

receptor-binding studies with phthalate diesters, not monoesters as the test substances. In the 

2011 study which used cultured human hepatocytes (which have some in vitro metabolic 

capacity) the binding efficiency was lower than in their previous study. The authors suggested 

that the reduction in activity might have been due to phthalate metabolism. What some authors 

fail to recognize is that phthalates are either absorbed as monoesters or rapidly converted from 

diesters to monoesters under in vivo conditions, so unless the in vitro studies are conducted with 

phthalate monoesters, their relevance to the in vivo situation is unclear (see also Harris et al, 

1997, referenced in the endocrine section), and mechanistic interpretations of these data must be 

made very cautiously. 
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In HID section 4.3, there is a review of an in vitro study in which DINP was tested for its 

potential as an agonist for the CAR2 and PXR receptors. At the end of this section, it is stated 

that “It is not known whether the ability of DINP to activate CAR and PXR, and the resulting 

increase in expression of several transporters and enzymes, including enzymes involved in 

testosterone metabolism, could be involved in tumorigenesis.” If the relevance of this 

information is unknown, then its inclusion is unjustified.  

 

Even though it is indicated in this section of the HID that the relevance is not known, the 

information is repeated without qualification in the Conclusion (section 6.2) in which it is stated 

that that “The evidence for carcinogenicity of DINP comes from…DINP or the metabolite MINP 

activate the following nuclear receptors: …human CAR and PXR” (HID, p. 67).  

 

D. HID Section 4.4 – Effects on steroidogenesis and androgen-responsive tissues 

DINP is weakly estrogenic in vitro when tested as a diester (Harris et al., 1997). The 

monoester metabolite of DINP (MINP) is not estrogenic in vitro and DINP exhibits no estrogenic 

activity in vivo (Zachareweski et al., 1998). High dose DINP exposure reduces testosterone 

synthesis in male fetal rats (Boberg et al., 2004; Boberg et al., 2011; Clewell et al., 2013a, 

Hannas et al., 2012). This has been demonstrated in several studies. DINP has markedly lower 

potency and efficacy than low molecular weight phthalates in reducing fetal testosterone (Hannas 

et al., 2012). The reduction in fetal testosterone is short lived as levels are recovered 24 hours 

post dosing (Clewell et al., 2013a). The consequences of lowered testosterone for DINP on the 

developing rat reproductive tract are minor (Boberg et al., 2011; Clewell et al., 2013a,b), if 

present (Masutomi et al., 2003; Adamson et al., 2009), and reversible (Boberg et al., 2011, 

Clewell et al, 2013b). The effects are not permanent as no differences are observed in pups on 

PND 90 as compared to low molecular weight phthalate esters (Boberg et al., 2011 and Clewell 

et al., 2013b). Additionally, no effect on reproductive performance was observed in a two 

generation reproductive toxicity study (Waterman et al., 2000). Finally, global endpoint analysis 

showed no evidence of a rat “phthalate syndrome” on PND 49 following in utero and lactational 

exposure to DINP (Clewell et al., 2013b). As such, it is highly speculative to identify this weak 

effect as a mechanism for potential carcinogenic effects in rats, let alone humans. No increase in 

testicular tumor was observed in two rat strains or in mice following chronic exposure to DINP. 

There were no significant increases of the identified endpoints of TDS, germ cell cancer, 

hypospadias, cryptorchidism or reduced sperm count in high dose experiments in rats following 

DINP exposure during the critical susceptibility window.  

E. HID Section 4.5 – Tumor necrosis factor-α (TNF-α) induction 

This is represented as if it was an independent process for cancer induction, but that is not the 

case. As discussed by Corton et al. (2013) TNF-α induction is a modulating factor of the PPARα 

agonism. So induction of TNF-α is in fact part of the PPARα mode of action. 

 

Included in chapter 4.5 is a summary of the paper by Bennasroune et al. (2012) which reports an 

assessment of the effects of DINP on the immune system under in vitro conditions. One should 

be very cautious in drawing any conclusions from this study. Like some of the other studies 

summarized in the HID (Harris et al., 1997; DeKeyser et al., 2011), the authors tested the diester 

over a reported concentration range of 0.2 µM – 10 µM. As discussed previously, in vitro studies 
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of phthalate diesters are of questionable relevance to humans because under in vivo conditions, 

the monoesters predominate. Further, the concentration range used is well above the water 

solubility limits for DINP (Cousins et al. 2003); in this respect it is noteworthy that the authors 

did not indicate the vehicle used, nor did they include a vehicle control group. Given the serious 

study design issues, it is not appropriate to use the data from this paper to support hypotheses 

about modes of action under in vivo conditions.  

F. HID Section 4.6 – Gap junction Intercellular Communication (GJIC) 

Inhibition of GJIC is represented as if it was an independent process for cancer induction, but 

that is not the case. As shown by Klaunig et al. (2003) (and later Bachman et al., 201; Corton et 

al., 2013), inhibition of GJIC is a consequence (although perhaps a secondary consequence) of 

PPARα agonism. So this is in fact part of the PPARα mode of action. 

 

G. HID Section 4.7 – α2u-Globulin Nephropathy 

The HID utilizes this section to argue that renal tubule tumors in male rats observed following 

chronic exposure to DINP are not related to the well-established and internationally accepted 

α2u-Globulin mode of action. The HID goes so far as to state that “some renal tubule cell tumors 

induced by agents that induce α2u-globulin accumulation in male rat renal tubules have been 

suggested to be not relevant to human cancer risk.” In fact, several authoritative bodies have 

evaluated this mode of action and its relevance to human health risk assessment and concluded 

that chemicals are that produce tumors by this mode of action are not relevant to human health 

risk. The HID then identifies criteria established by IARC (Swenberg and Lehman-McKeeman, 

1999) to evaluate the role of α2u-globulin in development of male rat renal tubule tumors. The 

results described in Caldwell et al., 1999 are compared to these criteria. The HID argues these 

data do not meet the criteria and that the tumors should be considered relevant in assessment of 

human cancer hazard and risk.  

 

The HID’s assessment is incomplete and at points misleading. First the HID does not cite 

available data for evaluation of the role of α2u-globulin in renal tubule tumor development. 

These data are useful in consideration of the IARC criteria. Second, the HID does not 

acknowledge that in addition to IARC, EPA established criteria for evaluation of the relevance of 

male rat renal tubule tumors to human risk assessment (EPA 1991). Finally, the HID only 

identifies CPSC as having evaluated the relevance of male rat renal tubule tumors for human 

health risk assessment. Several other authoritative bodies have reviewed the available data and 

their conclusions on relevance are available as well (EC JRC, 2003; Australia NICNAS, 20013; 

CPSC 2010; ECHA 2013). The comments below provide information the HID has not cited and 

more clearly arranges the available information so that the data can be evaluated against 

established criteria for determination of human relevance of renal tubule tumors. The conclusion 

from this analysis is that the increase in male rat renal tubule tumors observed following chronic 

exposure to DINP is the result of accumulation of α2u-globulin and, therefore, not relevant to 

humans. DINP meets the criteria established by IARC (Swenberg and McKeeman, 1999) and 

EPA (1991) to establish non relevance of these tumors for human health assessment. This 

conclusion has been endorsed by several authoritative bodies.  

 

The HID assessment of data is limited in scope. The HID only considers data from the chronic 

bioassays conducted and the publication of Caldwell et al. (1999). While the evidence available 
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in these reports clearly point to development of renal tumors through a mode of action involving 

α2u-globulin accumulation, the HID concludes that the available data were not sufficient to 

satisfy the IARC criteria. The HID, however, does not take into account additional information, 

included in 2010 data submission that provide the missing evidence and provide a more robust 

assessment. Specifically the HID does not consider results from Schoonhoven et al. (2001) or 

subchronic studies on DINP reported in Bird et al. (1986). Results from these studies are 

summarized against the criteria identified by IARC and provide a more complete assessment of 

data for DINP against the IARC criteria. This analysis is provided in Appendix table 1. As is 

identified from the table, in contrast to the limited review by the HID, there are data to 

conclusively demonstrate that the male rat kidney tumors were the consequence of an α-2u 

globulin-mediated process and not relevant to human health.  

 

In addition to IARC, the EPA has developed criteria for assessment of male rat renal tubule 

tumors. In 1991 the EPA reviewed the evidence for alpha2u-globulin accumulation as a potential 

mechanism of renal cancer and its relevance to humans (EPA, 1991). This review culminated in 

a two part EPA science policy statement (EPA, 1991, p. 85): 

 

(1) Male rat kidney tumors arising as a result of a process involving [alpha2u-globulin] 

accumulation do not contribute to the qualitative weight-of-evidence that a chemical 

poses a human carcinogenic hazard. Such tumors are not included in dose-response 

extrapolations for the estimation of human carcinogenic risk. 

 

(2) If a chemical induces [alpha2u-globulin] accumulation in male rats, the associated 

nephropathy is not used as an endpoint for determining non-carcinogenic hazard. 

Estimates of non-carcinogenic risk are based on other endpoints. 

 

EPA also provided guidance for determining whether the alpha2u-globulin process could be a 

factor in renal effects. Each of three factors, set forth in Section XVII-A of EPA (1991, pp. 86-

87) must be met. In Appendix table 2 below, the available evidence are compared against EPA 

criteria.  

 

Finally, the HID only identifies CPSC (2001) as having made a determination regarding the 

relevance of male kidney tumors for human health risk assessment. In fact numerous regulatory 

and authoritative bodies have expressed a determination on these tumors. The unanimous 

conclusion from all of these assessments is that the data available for DINP meet the criteria for 

an alpha2u-globulin-mediated process and have therefore found that kidney tumors seen in male 

rats treated with DINP are not relevant for human cancer hazard assessment. 

 

The CPSC CHAP report states: 

 

Male rat specificity in tumor response, lack of genotoxicity, 

histopathology findings of cytotoxicity and regeneration, α2u-globulin 

accumulation, and demonstrated cell proliferation strongly support the 

criteria for demonstrating α2u-globulin mechanism (IARC, 1998). 

Therefore, the renal tumors in male rats at the high dose of DINP are 

assumed to be rat specific and are not used to predict human cancer risk. 
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(CPSC, 2001, p. 91) 

The CPSC, in an updated toxicity review of DINP (CPSC, 2010), states: 

A small number of renal tubular cell carcinomas were observed only in 

males exposed to 1.2 percent DINP. Furthermore, there is experimental 

evidence that these tumors arose by a mechanism involving the 

accumulation of α2u-globulin (Caldwell et al., 1999). α2u-Globulin is a 

protein that is specific to the male rat. Renal tubular cell tumors induced 

by this mechanism are not considered relevant to human risk assessment. 

DINP was evaluated by Australia NICNAS. Regarding kidney tumors, NICNAS (2012) states 

“Overall, the available data do not indicate a carcinogenic potential in humans for DINP…. 

Kidney tumours were attributed to alpha 2µ globulin tumourigenic mechanism specific in male 

rats.”  

 

The EU risk assessment states: “Pertaining to kidney tumours, the species and sex-specific alpha 

2u globulin mechanism likely responsible for kidney tumours seen in male rats is not regarded as 

relevant to humans.” (ECB, 2003a, p. 223 [also cited as EC JRC, 2003]; ECB, 2003b, p. 14) 

 

The European Chemicals Agency (ECHA) recently reviewed toxicity of DINP including 

assessment of carcinogenicity. For kidney tumors, ECHA (2013) stated “The available new 

information on the carcinogenicity of DINP further supports the conclusions of the EU Risk 

Assessment concerning renal tumours (EC 2003a). These neoplasms are assumed to have modes 

of action which are not considered to be relevant for humans (α2u-globulin).” 

 

VI. HID SECTION 5 – REVIEWS BY OTHER AGENCIES 

This section is selective and biased in the information it provides about reviews of DINP 

potential carcinogenicity.  

The HID (p. 62) cites three agency reviews (CPSC, 2001; 2010; EPA, 2005a). Additional 

major agency reviews that are not cited in the HID are the very thorough risk assessment 

document of the European Union (EC JRC, 2003), the recent reassessment of DINP by the 

European Chemical Agency (ECHA, 2013), and the recent assessment by the Australian 

Government (NICNAS, 2012). None of these reviews has concluded that DINP should be 

classified as a carcinogen or that the animal cancer hazard is a basis for conducting a human 

health risk assessment. In fact, no agency in the world has classified DINP as a carcinogen. 

The HID summary of the EPA technical review (p. 62) leaves out a critical conclusion of 

the EPA technical review – that the DINP kidney tumors meet both the EPA and IARC criteria 
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for the alpha-2u-globulin mechanism and therefore are not relevant to humans (EPA, 2005a).
16

 

This is a very misleading omission, given the discussion of this mechanism in Section 4.7 of the 

HID (pp. 60-62) and the bald listing of the kidney tumors as evidence of carcinogenicity in the 

Introduction and in the Summary and Conclusion. 

The inclusion of the CPSC staff review in this section is inappropriate and misleading. It 

is a non-peer reviewed document produced to support the Chronic Hazard Advisory Panel that is 

currently assessing phthalates (CPSC, 2010, cover memo at 2). The conclusions of the staff are 

not those of the Phthalate CHAP or of CPSC itself (which will make its conclusions after receipt 

and review of the CHAP final report). The CHAP report is not yet issued, but at its first meeting 

the CHAP set aside the issue of carcinogenicity as not relevant to its evaluation. The HID (p. 62) 

also discusses IARC’s decision to reclassify DEHP as possibly carcinogenic to humans. As 

discussed above (Section V.B.1 of this Part 3), IARC’s decision was not a modification of its 

position on the PPARα agonist mechanism as not relevant to humans, and a recent review 

(Corton et al., 2013) has affirmed that PPARα activation is a necessary, if not sufficient 

mechanism for formation of liver tumors in rodents treated with a PPARα agonist. Section V of 

this Part 3 also discusses in detail the alternate mechanisms put forward in the HID and explains 

why they do not provide a basis for finding that liver tumors in rodents treated with the PPARα 

agonist DINP are not relevant for human hazard assessment. 

 ECHA (2013). Evaluation of new scientific evidence concerning DINP and DIDP In relation 

to entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Final review report. 

European Chemicals Agency, Helsinki, Finland, 

http://echa.europa.eu/documents/10162/13579/201308_echa_review_dinp_didp_final_report

_en.pdf. 

 

 NICNAS (2012). Diisononyl Phthalate. Priority Existing Chemical Assessment Report No. 

35, National Industrial Chemicals Notification and Assessment Scheme, Commonwealth of 

Australia, available via link from http://www.nicnas.gov.au/chemical-information/pec-

assessments. 

 

 EPA (2005a). Revised Technical Review of Diisononyl Phthalate. Office of Environmental 

Information, Environmental Analysis Division, Analytical Support Branch. March 2005. 

 

 EPA (2005b). Addition of Diisononyl Phthalate Category; Community Right-to-Know Toxic 

Chemical Release Reporting; Notice of Data Availability. 70 Federal Register 34437 (June 

14, 2005). 

 

VII. HID SECTION 6 – SUMMARY AND CONCLUSION 

                                                 

16
  The HID notes that USEPA conducted the technical review and cites to it (USEPA, 2005a), but then 

quotes only from the Federal Register notice in which USEPA announced the availability of the 

technical review (USEPA, 2005b). 

http://echa.europa.eu/documents/10162/13579/201308_echa_review_dinp_didp_final_report_en.pdf
http://echa.europa.eu/documents/10162/13579/201308_echa_review_dinp_didp_final_report_en.pdf
http://www.nicnas.gov.au/chemical-information/pec-assessments
http://www.nicnas.gov.au/chemical-information/pec-assessments
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A. 6.1 Summary of Evidence 

The information on liver and kidney tumors and MNCL is discussed in detail in previous 

sections. Comments in this section will focus on the information for the other tumors (pancreatic 

islet cell tumors, endometrial adenocarcinomas, Leydig cell tumors) and other issues discussed in 

this section of the HID.  

1. Pancreatic Islet Cell Tumors 

 As discussed in more detail elsewhere in this document, the section on islet cell tumors is both 

incomplete and misleading. The increase in islet cell tumors in male SD rats was not statistically 

significant and the increase was within the background range for the testing facility. There were 

no islet cell tumors in female SD rats in that study or in male or female F-344 rats in two other 

studies (Lington et al. 1997; Moore et al., 1998a). There was a single islet cell carcinoma in 

female B6C3F1 mice (Moore et al., 1998b), but none in male B6C3F1 mice in the same study. 

 

2. Leydig Cell Tumors 

As discussed in more detail elsewhere in this document, the section on Leydig cell tumors is 

misleading. The incidence of Leydig cell tumors was increased in male SD rats but was not 

significantly different from controls and was within the historical range for the laboratory. In F-

344 rats, Leydig cell tumors are a common spontaneous lesion. In both the Lington (1997) and 

Moore (1998a) studies, virtually all F-344 rats surviving to termination had Leydig cell tumors. 

 

3. Uterine Tumors 

As discussed in more detail elsewhere in this document, the section on uterine tumors is 

incomplete. It should be noted that the non-statistically significant increase in endometrial 

adenocarcinomas was observed in female SD rats but these tumors were not found in female F-

344 rats in either the Lington (1997) or Moore (1998a) studies or in female B6C3F1 mice 

(Moore et al., 1998b). The frequency was similar to the historical control range for tumors of this 

type.  

 

4. Genetic Toxicity 

The section on genetic toxicity is incomplete; DINP was found to be inactive in mutagenesis 

tests in Salmonella and mouse lymphoma cells, in vitro (CHO cells) and in vivo (chromosome 

aberration, micronucleus) tests of chromosome breakage; and in an in vitro test of unscheduled 

DNA repair (McKee et al., 2000). It should be noted that these tests are more than sufficient to 

demonstrate that DINP does not cause direct DNA damage. 

 

5. Cell Transformation 

Note that there were 7 cell transformation tests rather than 8 and that the one study reported as 

positive within the HID was considered as negative by the scientists who ran the test 

(Microbiological Associates, 1981a). 
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6. PPARα 

The section on PPARα activation in rodents is inaccurate with respect to its characterization of 

the cell proliferation and apoptosis data being inconsistent with the PPARα mode of action. In 

fact both features are associated with liver remodeling which is an early event following 

exposure of rodents to PPARα agonists. It is difficult to observe these effects after the first few 

weeks of treatment, particularly with weak PPARα agonists (note that DINP is considered to be a 

weak PPARα agonist). In fact the data are quite consistent and precisely what would be 

expected. 

 

The section on PPARα is also incomplete as it does not indicate that PPARα activation in 

humans does not trigger the same types of events that it does in rodents, and it is for this reason 

that the PPARα mode of action and the rodent tumors that rise in consequence of this MOA are 

not relevant to humans. The information not provided in the HID include two studies in which it 

was shown that the liver is not a target organ for DINP in primates (Pugh et al., 2000; Hall et al., 

1999) and several in vitro studies in which it was shown that the early indicators of PPARα 

activation can be observed in rodent cells but not in cells of humans or other primates (Benford 

et al., 1986; Hasmall et al., 1999; Kamendulis et al., 2002; Shaw et al., 2002). 

 

7. CAR and PXR agonism 

The inclusion of evidence that DINP can activate human CAR and PXR in the summary of 

evidence seems entirely unjustified given the conclusion in the HID (p. 57) that the relevance of 

this information to tumorigenesis is unknown. 

 

8. Steroidogenesis 

The paragraph on steroidogenesis is completely out of place. It provides no information on 

carcinogenesis. As discussed elsewhere in these comments, the HID appears to be trying to draw 

a link to the theory of testicular dysgenesis, but as this is only a theory and there is no compelling 

evidence to link DINP to testicular dysgenesis, this paragraph contributes nothing to a discussion 

on the potential for DINP to cause cancer. Further, as described earlier in these comments, the 

discussion on this subject in the main body of the HID is incomplete, inaccurate and misleading 

in numerous respects, in particular the failure to note that the most recent information suggests 

that the effects of DINP on fetal rat testes are species-specific and not relevant to humans 

(Johnson et al., 2012; Heger et al., 2012; Mitchell et al., 2012)..  

 

9. TNF-α induction and inhibition of GJIC 

It is misleading to discuss induction of TNF-α and GJIC inhibition as if they were independent 

factors in tumor formation. In fact, these are modulating factors in the PPARα mode of action 

(Klaunig et al., 2003; Corton et al., 2013) and not separate cancer mechanisms as is implied by 

the way the information is presented. 

 

10. Structure Activity Relationships 
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The statement that “DINP shares some structural similarity with DEHP and BBP” is inconsistent 

the statements in section 3.3.7 of the HID (structure activity comparisons) in which it is said that 

“There are two general groups of phthalates, the first of which consists of high molecular weight 

phthalates with seven or more carbon atoms in their backbone, such as DINP and DIDP. The 

second group consists of low molecular weight phthalates with three to six carbon atoms in their 

backbone such as DEHP, BBP and DBP.” In the main text, the structural differences are 

emphasized, whereas in the summary the emphasis is on the structural similarities. Further, and 

as stated earlier, nowhere does the HID make any attempt to discuss or explain what structure(s) 

are associated with any activity, which is critical to any attempt to use structure activity 

relationships. This lack of scientific support, and the inconsistent way the HID attempts to 

invoke SAR only when convenient to the conclusions in the HID, renders this aspect of the HID 

unhelpful at best.  

 

B. HID Section 6.2 -- Conclusion 

i. In studies of rodents treated with DINP, liver tumors in rats and mice, renal cell 

carcinomas in male F-344 rats, and MNCL in F-344 rats were observed at high doses. 

We believe and have provided robust evidence to show that the liver tumor data are 

consistent with the criteria established by IARC (1995) to show that they are the 

consequence of a PPARα-mediated process, and, therefore, not relevant to humans.  

 

ii. We believe that the kidney tumors in male F-344 rats are the consequence of an α2u-

globulin-mediated process, and, as documented in our comments, we have provided 

data sufficient to meet the EPA (1991) and IARC (Swenberg and Lehman-

McKeeman, 1999) criteria for this mode of action. Thus these tumors are not relevant 

to humans.  

 

iii. MNCL is a common aging lesion in F-344 rats. We believe that our data are 

indicative of statistical changes in a high and variable background incidence, but have 

no relevance to human health. Contrary suggestions in the HID text are based on 

incomplete, inaccurate and/or misleading presentations of the data, as demonstrated 

earlier in these comments, and the summary accordingly also presents an incomplete 

picture. 

 

iv. As for the renal transitional cell carcinomas, pancreatic islet cell carcinomas, 

testicular interstitial cell carcinomas, and uterine adenocarcinomas, these were all 

elevations that were not statistically significant, within the historical control ranges 

for the testing laboratories, and not replicated across studies, species or strains. 

Accordingly the conclusion that is most consistent with the data is that these were 

spontaneous tumors and not treatment related. Again, the discussions of these tumors 

in the main text of the HID are incomplete at best, causing the summary to be 

incomplete as well.  

 

v. The remaining statements in the conclusion are either misleading or not directly 

relevant. Specifically: 
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1) As the in vitro transformation assay can be used for both genotoxic and non-

genotoxic carcinogens, evidence of in vitro transformation would be 

consistent with the increase in liver tumors in rats and mice but does not 

provide any additional mechanistic evidence to assist in assessing human 

relevance. 

2) As discussed in detail, there is evidence that MINP can activate the PPARα 

receptor leading to the sequence of events resulting in liver tumors in rats and 

mice. This is completely consistent with the PPARα mode of action which we 

consider to be the explanation for the data. As for the other receptors, 

activation of PPARγ seems more likely tumor-protective and the relevance of 

CAR and PXR activation is unknown as acknowledged within the HID. 

Accordingly, we consider that it is only the PPARα activation information that 

has relevance to the issue at hand.  

3) As discussed above, the section on steroidogenesis, as written, is not relevant 

to the issue at hand. 

4) As discussed above, activation of TNFα and inhibition of GJC are subsumed 

within the PPARα mode of action. It is misleading for them to be listed 

separately as additional information. 

5) As discussed above, the HID has not provided any scientific justification to 

conclude that there is a structure activity relationship between DINP and 

DEHP that would support “reading across” the DEHP classification to DINP.  
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APPENDIX A – CRITERIA FOR EVALUATING ΑLPHA-2U-GLOBULIN MODE OF ACTION 

IARC Criteria 
Criteria HID Available evidence for DINP 

Renal tumors occur only 
in male rats  

HID is silent. Renal tumors were in male rats (Moore 1998a); there were none in female rats (Moore 
1998a) or in mice of either sex (Moore 1998b).  

Acute exposure 
exacerbates hyaline 
droplet formation  

“With regard to criteria 2 (exacerbation of 
hyaline droplet formation by acute 
exposure), DINP did not increase renal 
tubule alpha2u-globulin accumulation 
after six months of exposure; increases 
not seen until 12 months of treatment.” 

Droplets were present in male rat kidneys, and both droplet size and area involved were 
significantly increased with dose (Caldwell et al., 1999). Droplets were not present in 
kidneys from female rats. Following five days of exposure to DINP, accumulation of alpha 
2u-globulin in male rat kidneys with increasing dose was observed (Schoonhoven et al., 
2001). These data demonstrate the abnormal accumulation of hyaline droplets in the 
renal proximal tubules of treated rats and show also that this does not occur in female 
rats, thus demonstrating the sex specificity of this finding. 

alpha2u-globulin 
accumulates in hyaline 
droplets 

HID is silent. Identification of accumulation of alpha2u-globulin in renal tubule cells in both Caldwell et 
al., 1999 and Schoonhoven et al., 2001. 

Subchronic 
histopathological changes 
including granular cast 
formation and linear 
papillary mineralization  

“No data is (sic) available on subchronic 
histopathological changes such as 
granular cast formation and lin papillary 
mineralization.” 

In a dietary study of DINP in Sprague-Dawley rats at levels of 0.3 and 1.0% for 13 weeks, 
tubular regeneration, nephritis, tubular casts and nephrosis were observed primarily in 
male rats and increasing with dose (Bird et al., 1986; Bio/Dynamics, 1982).  

Absence of hyaline 
droplets and 
characteristic 
histopahtological changes 
in female rats and mice 

“With regard to criteria 5 (absence of 
hyaline droplets and characteristic 
hisopathologial changes in female rats and 
mice), renal tubular regeneration was 
noted in one 6000 ppm female in rats.” 

Female rats did not demonstrate renal cell proliferation, and no indication of renal 
tubular hypertrophy. Minimal tubular regeneration in 1/10 female rats compared to 
10/10 male rats (Caldwell et al., 1999).  
 

Negative for genotoxicity 
in a battery of tests  

HID is silent. DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all 
have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 
1985).  

Additional supporting evidence 
Reversible binding of 
chemical or metabolites 
to alpha2u-globulin 

“Reversible binding of DINP or its 
metabolites to alpha2u-globulin has not 
been shown to occur…” 

DINP binds reversible to male rat kidney, but not female rat kidney cytosol 
(Schoonhoven, et al., 2001). 

Increased and sustained 
cell proliferation in P2 
segment of proximal 
tubules in male rat 

“…DINP does not significantly increase cell 
proliferation in rat renal tubules….” 

Sustained proliferation in P2 segment of renal tubules observed in both Caldwell et al., 
1999 and Schoonhoven et al., 2001 (doubling and significant).  
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kidneys 

Dose response 
relationship between 
hyaline droplet severity 
and renal tumor incidence 

”…a dose response relationship has not 
been demonstrated between hyaline 
droplet severity and renal tumor 
incidence.” 

Kidney tumors were found only after dietary administration of DINP at a level of 1.2% 
(733 mg/kg/day in the male rats). As documented in Caldwell et al. (1999), protein 
droplets and alpha2u-globulin accumulation were significantly elevated in comparison to 
control values at 0.6% (307 mg/kg/day) but not at lower levels (307 mg/kg/day was the 
highest dose used in the Caldwell et al. study). As shown by Caldwell et al. (1999), cell 
proliferation was elevated at 0.6% in the diet, but was not significantly different from 
controls. Schoonhoven et al. (2001) reported a doubling in cell proliferation in animals 
given 900 mg/kg. Thus it is evident that significant effects in the critical parameters are 
found at doses approximating the tumorigenic levels. 
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EPA Criteria 
Criteria HID Available Data 

Increased number and size of hyaline droplets in 
renal proximal tubule cells of treated male rats 
The abnormal accumulation of hyaline droplets in 
the P2 segment of the renal tubule is necessary to 
attribute the renal tubule tumors to the [alpha2u-
globulin] sequence of events. This finding helps 
differentiate the [alpha2u-globulin] inducers from 
chemicals that produce renal tubule tumors through 
other means." (EPA, 1991, p. 86) 

HID does not address. As shown in Caldwell et al. (1999), hyaline droplets were evaluated by 
-g) in male and 

female rats. Droplets were present in male rat kidneys, and both droplet 
size and area involved were significantly increased with dose. Droplets 
were not present in kidneys from female rats. -g 
in male rat kidneys with increasing dose was independently confirmed by 
a second laboratory (Schoonhoven et al., 2001). These data demonstrate 
the abnormal accumulation of hyaline droplets in the renal proximal 
tubules of treated rats and show also that this does not occur in female 
rats, thus demonstrating the sex specificity of this finding. 

"(2) Accumulating protein in the hyaline droplets is 
[alpha2u-globulin] 
 
Hyaline droplet accumulation is a nonspecific 
response to protein overload in the renal tubule and 
may not be due to [alpha2u-globulin]. Therefore, it 
is necessary to demonstrate that [alpha2u-globulin] 
accounts for the hyaline droplet accumulation found 
in the male rat." (EPA, 1991, p. 86) 

HID does not address. As shown above, the evaluation of hyaline droplets utilized 
immunohistochemistry to detect the highly specific binding of a 
monoclonal antibody to alpha2u-globulin. As documented by both 
Caldwell et al. (1999) and Schoonhoven et al. (2001), the accumulating 
protein in the hyaline droplets is alpha2u-globulin. As stated above, the 
absence of alpha2u-globulin in kidneys from female rats was also 
demonstrated, confirming the sex specificity of the observation. 

"(3) Additional aspects of the pathological sequence 
of lesions associated with [alpha2u-globulin] 
nephropathy are present. 
 
Typical lesions include single cell necrosis, 
exfoliation of epithelial cells into the proximal 
tubular lumen, formation of granular casts, linear 
mineralization of papillary tubules, and tubule 
hyperplasia. If the response is mild, all of these 
lesions may not be observed; however, some 
elements consistent with the pathological sequence 
must be demonstrated to be present." (EPA, 1991, 
pp. 86-87) 

HID does not address. As documented in Caldwell et al. (1999), tubular regeneration and 
tubular epithelial hyperplasia were present in male rat kidneys, 
predominantly in the P2 segment of the proximal tubule of the renal 
cortex, and increased in a dose-responsive manner. In contrast, tubular 
regeneration was present in only one of the high dose female rats. 
Mineralization was documented in the pathology reports of the chronic 
studies (Moore, 1998a; b). This also showed a strong dose response 
relationship in the male rat kidneys. Mineralization was present in 
kidneys of some female rats, but did not increase with dose, and was not 
present in kidneys of mice (Table 5). Lington et al. (1997) reported a 
statistically significant increase in renal epithelial cells in the urine of 
male rats. This is the consequence of exfoliation of epithelial cells into 
the proximal tubular lumen. Single cell necrosis and formation of 
granular casts were not reported, but as DINP is clearly a weak inducer of 

-g, all of the histological changes are not to be expected, and the 
absence of some, as noted by the EPA, is not inconsistent with an 
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[alpha2u-globulin] mediated response.  

Additional Criteria   
(a) Additional biochemical information (including 
reversible binding of the chemical to alpha2u-
globulin) 

HID does not address. As documented by Schoonhoven et al. (2001), reversible binding of DINP 
metabolites to alpha2u-globulin has been demonstrated. 

(b) Sustained cell division in the proximal tubule of 
the male rat 

HID does not address. This was documented by Caldwell et al. (1999) through the use of 
immunochemical techniques -- specifically, the use of the proliferating-
cell nuclear antigen (PCNA) -- and was subsequently confirmed by 
Schoonhoven et al. (2001) through the use of an alternative technique -- 
BrdU labelling. 

(c) Genotoxicity (i.e., information on potential 
genotoxicity in a standard battery of short-term 
tests relevant to the evaluation of potential 
carcinogenicity provides a possible means for 
distinguishing between genotoxic and non-
genotoxic processes)  

HID does not address. As described in Section II, DINP is not genotoxic as evidenced by negative 
results in a number of short term tests including Salmonella, mouse 
lymphoma and micronucleus tests (Barber et al., 2000; McKee et al., 
2000; Zeiger et al., 1985). 

(d) Animal bioassay data in other sex-species 
combinations 

HID does not address. As described above, DINP produces tubule cell carcinomas in male rats 
but not in female rats or in mice of either sex. This is consistent with the 
expected pattern of response for an alpha2u-globulin mechanism. It also 
provides indirect evidence that, if there are other toxic processes 
associated with DINP treatment, they do not contribute to kidney cancer 
as no kidney tumors were found except in male rats and under 
conditions in which alpha2u-globulin was increased. 
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FEBRUARY 16, 2010 SUBMISSION IN RESPONSE TO  

OEHHA REQUEST FOR RELEVANT INFORMATION ON DINP  

 

 

February 16, 2010 

 

Sent via email (coshita@oehha.ca.gov) to: 

 

Cynthia Oshita  

Office of Environmental Health Hazard Assessment  

Proposition 65 Implementation  

P.O. Box 4010  

1001 I Street, 19th floor  

Sacramento, California 95812-4010 

 

 RE: Diisononyl Phthalate (DINP) Carcinogenicity Hazard Assessment 

 

Dear Ms. Oshita: 

 

ExxonMobil Chemical Company is submitting this information in response to the 

California Office of Environmental Health Hazard Assessment (OEHHA) request for relevant 

information on diisononyl phthalate (DINP) to be considered by the OEHHA Science Advisory 

Board’s Carcinogen Identification Committee (CIC). We request that OEHHA carefully review 

and consider this information as it prepares hazard identification materials on DINP. 

DINP met OEHHA’s screening criteria for consideration of Proposition 65 listing 

because of the observation of tumors in rats and mice treated with high doses of DINP. However, 

in contrast to most chemicals, there is a very robust data base for DINP demonstrating that those 

tumors in rodents are not relevant to a human cancer hazard assessment and that DINP is 

unlikely to cause cancer in humans. ExxonMobil therefore believes that DINP should not be 

listed as a human carcinogen under Proposition 65. 

In addition to the materials being submitted at this time, additional information is 

anticipated in the near future that will be germane to development of hazard identification 

materials for DINP. ExxonMobil will submit information from the following when it becomes 

available: 

 The American Chemistry Council Phthalate Esters Panel (Panel), of which ExxonMobil 

is a member, is holding a workshop on peroxisome proliferation. It will be attended by 

Panel member toxicologists and academic experts in the peroxisome proliferation mode 
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of action as it relates to DINP and other phthalate esters. The goal of the workshop will 

be to address the significance of recent di(2-ethylhexyl) phthalate (DEHP) studies for 

understanding the peroxisome proliferation mode of action and the relevance to humans 

of phthalate-related rodent cancer. Originally, this workshop was to be held in December 

2009, but that was prevented due to schedule conflicts for the experts; it appears it will be 

held in April. 

 

 A study sponsored by the European Council for Plasticizer and Intermediates has been 

conducted concerning the rate and extent of conversion of isotopically labelled DINP and 

DEHP into their primary and secondary metabolites in blood and urine following 

administration to human volunteers. A published report of the study originally was 

expected this Spring, but, due to need for additional analytical work, is now expected in 

Fall of 2010. These data will be directly relevant to pharmacokinetics, biomarkers and 

effects on biochemical and physiological processes in humans. 

 

 The Hamner Institute currently is conducting mechanistic studies of DINP administered 

to pregnant dams. Preliminary results should be available late spring of this year. These 

studies will provide information on the dosage of DINP to the liver and related effects, 

and thus will contribute to understanding of the mechanism of rodent carcinogenesis. 

 

As is evident from the submission materials, there is an extraordinary wealth of 

information pertaining to DINP, much of it technically complex. We note that OEHHA’s usual 

practice for release of hazard identification materials for public comment is such that the CIC has 

about two weeks to review those comments prior to its meeting for consideration of listing. 

Because of the complexity of the database for DINP, ExxonMobil urges that there should be a 

longer period of time between the close of public comments and the CIC meeting on DINP so 

that the CIC members have adequate time to review and understand the various perspectives 

provided by those comments. 

In addition, ExxonMobil toxicologists with specific expertise in DINP would be pleased 

to discuss the DINP data with OEHHA, by email, telephone, or face-to-face meeting. Please feel 

free to contact any of the following scientists with any questions about the DINP data: 

Ammie Bachman, Ph.D., ammie.n.bachman@exxonmobil.com, (908) 730-2082 

Kevin Kransler, Ph.D., kevin.kransler@exxonmobil.com, (908) 730-1065  

Bob Barter, Ph.D., robert.a.barter@exxonmobil.com, (908) 730-2153 

Rick McKee, Ph.D., DABT, richard.h.mckee@exxonmobil.com, (908) 730-1037  

 

In addition to the attached text discussion of the DINP database, ExxonMobil is 

separately submitting copies of key studies and reviews cited in the discussion. If OEHHA 

wishes copies of any cited materials not included in that submission or has any other questions or 

requests for information, please contact Angela Rollins at angela.rollins@exxonmobil.com or 

281-870-6439.  

We appreciate the opportunity to submit this information.  
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INTRODUCTION AND OVERVIEW 

 

ExxonMobil Chemical Company is submitting this information in response to the 

California Office of Environmental Health Hazard Assessment (OEHHA) request for relevant 

information on diisononyl phthalate (DINP) to be considered by the OEHHA Science Advisory 

Board’s Carcinogen Identification Committee (CIC).
17

 OEHHA states that it will review and 

consider this information as it prepares hazard identification materials on DINP. 

DINP met OEHHA’s screening criteria for consideration of Proposition 65 listing 

because of the observation of tumors in rats and mice treated with high doses of DINP. However, 

in contrast to most chemicals, there is a very robust data base for DINP demonstrating that those 

tumors in rodents are not relevant to human cancer hazard assessment and that DINP is unlikely 

to cause cancer in humans. These conclusions are grounded in three basic aspects of the data: 

1) DINP is not genotoxic, indicating that it does not interact directly with DNA; 

 

2) The mechanisms leading to tumorigenesis in the rodents are irrelevant to humans; and 

 

3) Primates treated with very high doses of DINP exhibit no effects indicative of the 

adverse effects leading to tumorigenesis in rodents, on the gross, cellular or biochemical 

level. 

 

It is very important to keep the last point in mind. Primates are much more closely related 

to humans than are rodents. Because the tumors are observed in rodents, the bulk of this 

submission consists of detailed technical discussion of effects observed in studies of rodents or 

rodent tissue. In evaluating the mechanisms by which DINP causes cancer in rodents, OEHHA 

and the CIC should not lose sight of the primate data, which provide strong support for the 

mechanistic work demonstrating that the effects in rodents are not relevant to humans.  

Prior to addressing the toxicological database, Section I of this submission discusses the 

identity of the chemical that is being evaluated. Commercial DINP is a complex substance that 

consists of more than simply phthalate molecules with nine-carbon arms. The cancer bioassays 

have been conducted using commercial DINP, and therefore OEHHA should associate any 

designation of DINP with its commercial CAS registry numbers – 68515-48-0 and 28553-12-0. 

Section II discusses the human and primate data relevant to assessing the carcinogenic 

potential of DINP. Primate studies and in vitro human and primate tests show no evidence of 

                                                 

17
  Announcement of Chemicals Selected by OEHHA for Consideration for Listing by the 

Carcinogen Identification Committee and Request for Relevant Information on the Carcinogenic 

Hazards of These Chemicals [10/15/09], 

http://www.oehha.org/prop65/CRNR_notices/state_listing/data_callin/sqe101509.html; Request 

for Relevant Information on Diisononyl Phthalate (DINP) to be Considered by the OEHHA 

Science Advisory Board’s Carcinogen Identification Committee - Extension Of Public Comment 

Period [12/04/09], 

http://www.oehha.org/prop65/CRNR_notices/state_listing/data_callin/extDINP.html 
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potential carcinogenicity, even under conditions that unquestionably would in rodents provoke 

responses that are part of the progression to cancer in those rodent species. Treatment for up to 

90 days with doses as much as seven-fold greater than those that cause tumors in rodents showed 

no evidence of effects in the primates that are of the type associated with tumorigenesis in 

rodents.  

Section III summarizes the in vivo and in vitro mutagenicity and genotoxicity tests on 

DINP. These uniformly demonstrate that DINP is not a genotoxic substance. 

Section IV examines each type of cancer lesion seen in rodents – liver tumors, 

mononuclear cell leukemia (MNCL) and kidney tumors – and explains why they are not relevant 

for human hazard assessment.  

Section IV.A addresses the liver tumors and shows that they are due to the peroxisome 

proliferation, or PPARα-agonism, mode of action that operates in rats and mice but not in 

humans. The section provides general background on peroxisome proliferation and then 

demonstrates that DINP meets both the International Life Sciences Institute (ILSI) and 

International Agency for Research on Cancer (IARC) criteria as being a peroxisome proliferator, 

such that the liver tumors observed in rodents are not relevant to humans. This is followed by a 

discussion of proposed alternative modes of action for tumorigenesis, including that proposed by 

Ito et al. (2007) and the constitutive androstane receptor (CAR) hypothesis, and demonstrates 

that the PPARα mode of action is the dominant and necessary mode of action driving liver 

tumorigenesis in rodent bioassays of DINP. The section then discusses the data demonstrating 

that the PPARα mode of action does not operate in humans. It also explains that, even if the 

PPARα mode of action theoretically could operate in humans, differences between rodent and 

human absorption make it virtually impossible for humans to achieve an internal dose that could 

produce tumors. Finally, Section IV.A summarizes the conclusions of a number of expert 

reviews that the liver tumors observed in rodents treated with DINP are not relevant for human 

cancer hazard assessment.  

Section IV.B addresses MNCL, a lesion seen almost exclusively in F344 rats, in which it 

occurs spontaneously, and which has no clear analogue in humans. For this reason, authoritative 

bodies including IARC and the National Institutes of Health (NIH) have concluded that MNCL 

in rodents is irrelevant to evaluation of human cancer hazard. 

Section IV.C shows that DINP toxicology meets the criteria of both the U.S. 

Environmental Protection Agency (USEPA) and IARC as producing kidney tumors by the 

alpha2u-globulin mechanism. These agencies have determined that when those criteria are met, 

kidney tumors observed in rodents are not relevant for assessment of human cancer hazard. 

Therefore, as has been concluded by the reviews of several expert bodies, the kidney tumors 

observed in rodents exposed to DINP are not relevant to human cancer hazard assessment.  

The conclusion from this large body of evidence is that DINP is very unlikely to cause 

cancer in humans and therefore should not be listed under Proposition 65 as known to the State 

of California to cause cancer. 
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We note that OEHHA’s usual practice for release of hazard identification materials for 

public comment is such that the CIC has about two weeks to review those comments prior to its 

meeting for consideration of listing. Because of the complexity of the database for DINP, 

ExxonMobil urges that there should be a longer period of time between the close of public 

comments and the CIC meeting on DINP, so that the CIC members have adequate time to review 

and understand the various perspectives provided by those comments. 

In addition, ExxonMobil toxicologists with specific expertise in DINP would be pleased 

to discuss the DINP data with OEHHA, by email, telephone, or face-to-face meeting, as it 

prepares the hazard identification materials. Please feel free to contact any of the following 

individuals with any questions: 

Ammie Bachman, Ph.D., ammie.n.bachman@exxonmobil.com, (908) 730-2082 

Kevin Kransler, Ph.D., kevin.kransler@exxonmobil.com, (908) 730-1065  

Bob Barter, Ph.D., robert.a.barter@exxonmobil.com, (908) 730-2153 

Rick McKee, Ph.D., DABT, richard.h.mckee@exxonmobil.com, (908) 730-1037  

 

 

I. DINP IDENTITY 

Before addressing the toxicological data, it is important to discuss the identity of the 

chemical substance for which those data have been generated. In its data call-in notice for DINP 

and four other chemicals/chemical groups, OEHHA provided no CAS number for DINP. 

OEHHA and CIC consideration of DINP should be specific with reference to CAS Registry 

numbers (CASRNs) 68515-48-0 and 28553-12-0, which designate DINP as commercially 

produced and distributed. 

Unlike most lower molecular weight phthalates, DINP is not composed of a single 

molecule. Rather, it is produced by reaction of a phthalate moiety with alcohols. The majority of 

these alcohols have nine carbons (C9), but in various isomeric configurations. In addition, the 

alcohol fraction includes C8 and C10 alcohols. Since each phthalate has two hydrocarbon 

“arms”, some molecules within commercial DINP have one arm that is C9, the other C8 or C10, 

and so forth. Thus, commercial DINP is not simply phthalate molecules with two C9 arms, but a 

complex substance consisting of C8-, C9- and C10-containing molecules. C9/C9 molecules 

predominant, but are not the only species.
18

 See Figure 1. 

The primary cancer bioassays of DINP (Lington et al., 1997; Moore 1998a, b), have been 

bioassays of commercial DINP.
19

 There are no bioassays of “pure” C9/C9 DINP. Thus, there is 

no basis to assign the rodent tumor results to C9/C9 versus any other types of molecule in the 

                                                 

18
  Although complex, the process to produce DINP is stable, and therefore the composition of the 

mixture is stable. The two commercial CASRNs describe mixtures that are commercially 

interchangeable (Babich et al., 2004; ECB, 2003a). 

19
  An additional bioassay was conducted using a form of DINP (CASRN 71549-78-5), that was 

never commercialized (Bio/Dynamics, 1986). 
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complex commercial substance. In fact, given the relatively high doses of DINP required to 

produce rodent tumors, it is plausible that the C9/C9 molecule is not the carcinogenic entity. 

For these reasons, OEHHA should not list “DINP” with no associated CASRNs. Just as 

DIDP is listed on Proposition 65 under CASRNs 68515-49-1 and 26761-40-0, DINP should be 

considered as the entities CASRN 68515-48-0 and CASRN 28553-12-0. 

Figure 1. Gas Chromatograph of DINP, CASRN 68515-48-0 

Structural Components Confirmed by GC/MS Analyses 

 
 

C8/C9 = the phthalate coester of C8 and C9 alcohols; 1,2-

benzenedicarboxylic acid, isooctyl isononyl ester 

C9/C9 = the phthalate diester of C9 alcohols; 1,2-benzenedicarboxylic 

acid, diisononyl ester 

C9/C10 = the phthalate coester of C9 and C10 alcohols; 1,2 

benzenedicarboxylic acid, isononyl isodecyl ester 
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II. HUMAN AND PRIMATE DATA  

As discussed in detail in Section IV, liver tumors, kidney tumors and mononuclear cell 

leukemia (MNCL) have been observed in rats and mice treated with high doses of DINP. For the 

reasons given below, all three of these lesions are not relevant for human hazard assessment. The 

greatest amount of concern has centered on the liver tumors, but the evidence clearly 

demonstrates that those tumors in rodents are due to peroxisome proliferation resulting from 

PPARα-agonism, which is not relevant to humans.  

The bulk of the toxicological literature concerns studies designed to investigate the 

mechanism underlying rodent liver tumorigenesis. In reviewing this data, however, it is 

important to not lose sight of the unusually robust human and primate data for DINP. Those data 

provide a strong empirical basis for concluding that DINP is not likely to cause cancer in 

humans. 

A. Epidemiology 

There are no epidemiology studies on the carcinogenic potential of DINP. However, there 

are a number of clinical and population case-control studies of fibrate drugs. Fibrates are 

PPARα-agonists that are more potent than DINP (see Klaunig et al., 2003, Table 10). These 

studies are discussed below (Section IV.5.c) and show no evidence of a carcinogenic effect in 

humans from these PPARα agonists. 

B. Human Cell Lines 

Baker et al. (1996), Hasmall et al. (1999) and Kamendulis et al. (2002) have conducted 

studies of the effects of DINP in human cells in culture. These studies show a lack of the 

peroxisome proliferator response that is observed in rodents as a key event leading to 

development of liver tumors.  

C. Primate Data 

For DINP, there is an unusually large amount of data from in vivo studies in non-human 

primates as well as some in vitro data for humans and non-human primates. Primate studies and 

in vitro human and primate tests show no evidence of potential carcinogenicity, even under 

conditions that unquestionably would in rodents provoke responses that are part of the 

progression to cancer in those rodent species. 

OEHHA and CIC should carefully consider this data, as primate data provides the best 

basis for determining whether chronic effects seen in rodents can reasonably be anticipated to 

occur in humans. Because monkeys are more closely related to humans than are rodents, primate 

studies provide a more relevant animal model for evaluating DINP than do rodent studies (e.g., 

Mazue and Richez, 1982). This is supported not only by the taxonomic, evolutionary and genetic 

evidence that places humans in the primate family, but also by toxicokinetic and mechanistic 

data.  
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1. In Vivo Primate Studies 

Pugh et al. (2000) treated cynomolgus monkeys with DINP for 14 days at levels up to 

500 milligrams per kilogram per day (mg/kg/day). Hall et al. (1999) treated marmosets with 

DINP up to the very high dose of 2500 mg/kg/day for 90 days; for a 70 kg human, this high dose 

would be about six ounces per day. In both of these primate studies, there was no evidence of 

those types of treatment-related effects which occur in rodents, even at the very high levels of 

treatment. More specifically, there were no treatment-related changes in weight or histopatholic 

changes in the liver, kidney and testes. There also were no treatment-related changes in serum 

chemistry measures, including lipids and cholesterol, or in measures of cellular function in the 

liver, including replicative DNA synthesis and peroxisomal enzymes.  

The lack of adverse effects in the primate studies even at very high doses for up to 90 

days is in contrast to the progression of pathology in rodents. For example, liver and kidney 

weights were increased in a 28-day study of rats (BIBRA, 1986). Liver weight increases were 

seen as early as 1 week after the beginning of treatment in the rat chronic bioassay (Moore, 

1998a). Thus, the primate studies strongly indicate that primates are not adversely affected by 

DINP in the manner of rodents. In fact, the studies suggest that primates are refractory to any 

systemic toxicity from DINP. Thus, the primate studies – studies in species much more closely 

related to human than rodents – indicate that DINP is unlikely to be a human carcinogen. 

2. In Vitro Primate Studies 

Baker et al. (1996), Hasmall et al. (1999) and Kamendulis et al. (2002) found no evidence 

of peroxisome proliferation in human hepatocytes. Likewise, Benford et al. (1986) and 

Kamendulis et al. (2002) found no evidence of peroxisome proliferation in primate hepatocytes.  

Thus, studies from several laboratories using hepatocytes from different individuals or 

different species of primates have demonstrated that a peroxisome proliferator response is not 

elicited by DINP in humans and other primates. These in vitro data further support a conclusion 

that it is unlikely that DINP is a human carcinogen. 

 

III. GENOTOXICITY DATA 

 DINP has been evaluated in multiple in vivo and in vitro genotoxicity/mutagenicity 

assays and has been negative in all of them (Table 1). Even at very high doses of DINP, the tests 

have found neither DNA mutations nor chromosomal damage.  

In vivo, a micronucleus test in mouse bone marrow found no evidence of chromosomal 

damage following administration of 2 g/kg/day (2000 mg/kg/day) of DINP for two consecutive 

days (McKee et al., 2000). In a rat bone marrow chromosome aberration test, DINP was negative 

at doses up to approximately 5 g/kg/day for five days, for a cumulative dose of up to 25 g/kg 

(Microbiological Associates, 1981).  

In vitro, DINP has been tested in the Salmonella mutagenicity assay and found to be 

without activity in plate incorporation assays sponsored by the NIEHS (Zeiger et al., 1985) and 

in both plate incorporation and pre-incubation assays conducted by producing companies 
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(McKee et al., 2000). DINP also tested negative in the mouse lymphoma test and the Balb/3T3 

cell transformation assay (Barber et al., 2000), as well as the unscheduled DNA synthesis test in 

rat hepatocytes (Litton Bionetics, 1981). In an in vitro cytogenetics test in CHO cells, DINP was 

without activity even though the highest levels tested produced evidence of visible precipitation 

in the cell cultures (McKee et al., 2000).  

These data strongly support a conclusion that DINP is not mutagenic or genotoxic. 

Table 1. 

Summary of Genetic Toxicology Information on DINP 

 

Test System Result Reference 

Salmonella (plate incorporation) negative (+/- S9) McKee et al., 2000 

Salmonella (preincubation)  negative (+/- S9) McKee et al., 2000;  

Zeiger et al., 1985 

Mouse lymphoma negative (+/- S9) Barber et al., 2000 

Cytogenetics (in vitro) negative (+/- S9) McKee et al., 2000 

Unscheduled DNA synthesis (rat 

hepatocytes ) 

negative Litton Bionetics, 1981 

Mouse micronucleus test negative McKee et al., 2000 

Cytogenetics (rat bone marrow) negative Microbiological Associates, 1981 

Transformation assay (Balb/3T3) negative Barber et al., 2000 

  

 

IV. RODENT BIOASSAYS 

Three cancer bioassays have been conducted on commercial DINP, two in rats and one in 

mice.
20

 Moore (1998a)
21

 exposed F344 rats to dietary concentrations of 0, 500, 1500, 6000, or 

12000 ppm (29, 88, 358, or 733 mg/kg/day for males and 36, 108, 442, or 885 mg/kg/day for 

females) DINP for two years. Similarly, Lington et al. (1997) administered dietary 

concentrations 0, 300, 3000, or 6000 ppm (mean daily intakes of 15, 152, and 307 mg/kg/day) of 

DINP for two years. Moore (1998b) administered 0, 500, 1500, 4000 or 8000 ppm (90, 275, 741, 

or 1560 mg/kg/day in males and 112, 335, 910, or 1,887 mg/kg/day in females) of DINP to 

B6C3F1/Crl BR mice for two years. 

In rodents, DINP at high doses produces liver tumors in rats and mice, MNCL in F344 

rats but not in mice and kidney tumors only in male rats. However, there is a substantial body of 

research that provides compelling evidence that these tumors in rodents are not relevant for 

human health assessment. The overwhelming weight of the evidence is that DINP cannot 

                                                 

20
  A dietary bioassay in Sprague-Dawley CD rats was conducted on a form of DINP that was never 

commercialized (Bio/Dynamics, 1986).  

21
  In various reviews of DINP, the Moore studies alternatively are referred to as the Aristech studies 

(Aristech Chemical Company sponsored the studies) and as the Covance studies (Covance 

Laboratories conducted the studies). 
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reasonably be anticipated to cause cancer in humans. As discussed below, numerous independent 

scientists agree with this assessment, based on application of generally accepted scientific 

principles. The following sections consider each tumor type, in turn. In addition, because 

OEHHA included a reference to testicular dysgenesis syndrome (TDS) in its DINP summary, 

that hypothetical syndrome is also addressed. 

A. Liver Tumors Observed In Rodents 

Liver tumors have occurred in rats and mice exposed to high doses of DINP – 733-885 

mg/kg/day in rats (Moore, 1998a) and 335-742 mg/kg/day in mice (Moore, 1998b).
22

 DINP is in 

a class of chemicals known as "peroxisome proliferators" – chemicals that induce an increase in 

the size and number of a subcellular organelle known as a "peroxisome" in the liver cells of 

rodents. Many peroxisome proliferators are known to induce liver tumor formation in rodents. 

The peroxisome proliferation is mediated by the peroxisome proliferator-activated receptor α, or 

PPARα, and therefore the more current designation for chemicals causing peroxisome 

proliferation is PPARα-agonist. 

Because many PPARα-agonists are important pharmaceutical agents (the fibrate class of 

hypolipidemic drugs), the toxicology of these chemicals has been extensively studied; a 

substantial amount of such work also has been performed with DINP and another phthalate 

compound, di(2-ethylhexyl) phthalate (DEHP). This has resulted in an extensive body of work 

that demonstrates that rodent liver tumors associated with peroxisome proliferation are not 

relevant for assessing potential human carcinogenicity. In fact, based on this evidence, the 

International Agency for Research on Cancer (IARC) and the International Life Sciences 

Institute (ILSI) have developed criteria for determining when tumors in rats and mice can be 

judged as not relevant to humans because they are due to peroxisome proliferation (IARC, 1995; 

Cattley et al., 1998; Klaunig et al., 2003). 

The following first provides general background on peroxisome proliferation (subsection 

1). It then demonstrates that DINP meets both the ILSI and IARC criteria as being a peroxisome 

proliferator, such that the liver tumors observed in rodents are not relevant to humans 

(subsections 2 and 3). This is followed by a discussion of proposed alternative pathways to 

tumorigenesis, independent of PPARα. This includes discussion of Ito et al. (2007), the CAR 

hypothesis and Yang et al. (2007) (subsection 4).  

The unusually strong data base for DINP with respect to human cell lines and primate 

studies demonstrates that the PPARα mode of action does not operate in humans (subsection 5). 

Further, even if the PPARα mode of action theoretically could operate in humans, differences 

between rodent and human absorption make it virtually impossible for humans to achieve an 

internal dose that could produce tumors (subsection 6). For these reasons, a number of expert 

reviews have concluded that the liver tumors observed in rodents treated with DINP are not 

relevant for human hazard assessment (subsection 7).  

                                                 

22
  No treatment-related preneoplastic or neoplastic liver lesions were observed in Lington et al. 

(1997). 
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1. Background on Peroxisome Proliferation 

It has been known for some years that certain substances – including some phthalate 

esters – produce a specific set of changes characterized as “peroxisomal proliferation” in livers 

of rats and mice following treatment at high levels. It also has been known for some years that 

chronic dietary administration of DEHP can produce liver tumors in rats and mice (Kluwe, 

1982). A link between peroxisome proliferation and hepatocarcinogenesis in rats and mice, 

which was proposed 30 years ago (Reddy and Arzanoff, 1980), has engendered considerable 

research because humans do not appear susceptible to peroxisomal proliferation. For example, 

clinical studies of humans exposed for long periods to hypolipidemic drugs that are strong rodent 

peroxisome proliferators and are rodent hepatocarcinogens (reviewed in Ashby et al., 1994; 

Bentley et al., 1993) have shown no indication of any increase in cancer associated with those 

substances. As a result of this research, there is now a large body of evidence that demonstrates 

that the mode of action by which nongenotoxic peroxisome proliferators such as DINP lead to 

liver cancer in rodents is not relevant for humans (Ashby et al., 1994; Kluwe, 1994: Bentley et 

al., 1993; Lake, 1995a, b; Huber et al., 1996; Williams and Perrone, 1997; Cattley, et al., 1998; 

Klaunig et al., 2003). Rats and mice are uniquely susceptible to the morphological, biochemical 

and carcinogenic effects of peroxisome proliferators, while non-human primates and humans are 

completely non-responsive or refractory (e.g., Bentley et al., 1993. Elcombe et al., 1996; Hall et 

al., 1999; Huber et al. 1996; Kurata et al., 1998; Pugh et al., 2000). 

The research was substantially advanced by the work of Issemann and Green (1990) who 

showed that peroxisome proliferator activity is mediated through a specific receptor (the 

peroxisome proliferator-activated receptor α, or PPARα) and by the demonstration that a mouse 

strain which lacks this receptor (PPARα-null mice) does not express peroxisomal proliferation or 

develop liver tumors following treatment for 11 months with a strong peroxisome proliferating 

agent (Peters et al., 1997).
23

 These studies demonstrated an absolute requirement for activation of 

the PPARα receptor and expression of peroxisome proliferation in the development of rodent 

liver cancer.  

There have been three particularly important reviews by independent scientific bodies of 

the evidence on peroxisome proliferation and its relationship to carcinogenic induction (IARC, 

1995; Cattley et al., 1998; Klaunig et al., 2003). All three groups concluded that peroxisome 

proliferation-mediated rodent liver cancer has no practical significance to human health. 

The first review was a 1994 working group of IARC which considered the relevance of 

peroxisome proliferation to humans as a generic mechanism (IARC, 1995). The IARC working 

group concluded that, when liver tumors in rats and mice were secondary to peroxisomal 

proliferation, this information could be used to modify the overall evaluation of the 

carcinogenicity data. One particular contribution by this group was to delineate the categories of 

                                                 

23
  Peters, et al. (1997) compared the response of PPAR-deficient and normal PPAR mice 

following long-term administration of a potent peroxisome proliferating agent. The PPAR mice 

developed a 100% incidence of liver tumors following test material administration whereas the 

PPAR-deficient animals failed to develop tumors and did not exhibit liver cell proliferation of 

any type or peroxisome proliferation. 
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evidence that could be used to establish whether rodent liver tumors are the consequence of a 

peroxisomal proliferation process.  

The second review was by an international consensus workshop organized by the ILSI 

Health and Environmental Sciences Institute in December 1995, to consider specifically whether 

peroxisome proliferating compounds pose a liver cancer hazard to humans (Cattley et al., 1998). 

The symposium included approximately 100 scientists from government agencies, academia and 

industry, including leading researchers in the field from the United States and Europe. The final 

report of the workshop states, "The conclusion was reached that it is unlikely that peroxisome 

proliferators are carcinogenic to humans under anticipated conditions and levels of exposure, 

although their carcinogenic potential cannot be ruled out under extreme conditions of exposure." 

(Cattley et al., 1998, p. 57). One particular contribution of the ILSI working group was to 

delineate the criteria that could be used to define a substance as a peroxisome proliferator. 

In 2001, the ILSI Risk Science Institute (ILSI RSI) formed a workgroup to review the 

information that had become available since 1995 on the relationship of peroxisome proliferation 

and liver tumors in rodents. The results of a series of meetings of that workgroup are presented in 

a paper titled “PPARα Agonist-Induced Rodent Tumors: Modes of Action and Human 

Relevance” (Klaunig et al., 2003). DINP is one of the examples of a peroxisome proliferator 

discussed in the document. The workgroup concluded: 

In summary, the weight-of-evidence overall currently suggests that 

the rodent [mode of action] for liver tumors is not likely to occur in 

humans, taking kinetic and dynamic factors into account. This 

conclusion is based upon evaluation of the existing body of 

evidence and would apply to the consequences of exposure to 

known examples of PPARα agonists.  

(Klaunig et al., 2003, p. 693.) DINP is a known example of a PPARα agonist that was part of the 

basis for the workshop conclusions. Therefore, the conclusion of the ILSI RSI workgroup is that 

the liver tumors that occur in rodents treated with DINP are not likely to occur in humans. 

Thus, there is consensus in the scientific community that peroxisome proliferators 

present, at most, a theoretical risk that could be expressed only under the most extreme 

conditions of exposure. The critical questions to evaluate the DINP data then become: (1) Is 

DINP a peroxisome proliferator; i.e., have the ILSI criteria been met? (2) Are the rodent liver 

tumors the consequence of a peroxisomal proliferation process, i.e., have the IARC criteria been 

met? (3) Is there any possibility of cancer, even under extreme circumstances? and, (4) If a 

theoretical possibility exists for human cancer, can the extreme exposure levels necessary be 

achieved? As shown below, the answers to these questions demonstrate that DINP cannot 

reasonably be anticipated to cause cancer in humans. 

2. DINP Is a Peroxisome Proliferator Under the ILSI Criteria 

As stated above, the 1995 ILSI workshop developed criteria for determining whether 

rodent liver tumors are the consequence of a peroxisomal proliferation process. Table 4 of 

Cattley et al. (1998) (reproduced here as Table 2) sets forth the minimum database to support 
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characterization of a non-genotoxic hepatocarcinogenic substance as a peroxisome proliferator. 

DINP is a non-genotoxic substance as shown in Section II, above. DINP is a hepatocarcinogenic 

substance, as demonstrated by the observation of increased liver tumor incidence in rats and 

mice fed high doses of DINP (336 mg/kg/day in female mice; 700 to 900 mg/kg/day in male 

mice and in rats) (Moore 1998a; b). DINP also meets the criteria in Table 1, as shown in the text 

below. 

Table 2. 

Minimum database to support characterization of a nongenotoxic hepatocarcinogenic 

substance as a peroxisome proliferator (from Table 4, Cattley et al., 1998) 

 

Key Element Criteria Measure 

Gross hepatic morphology Hepatomegaly Increase in relative liver weight 

Peroxisomes Peroxisome proliferation Increase in hepatocyte peroxisomes 

(V/V) by morphometry 

Cell proliferation Enhanced replicative 

DNA synthesis 

Increase in hepatocellular BrdU 

nuclear labeling by light microscopy 

 

  

(1) Hepatomegaly: DINP treatment causes significant increases in liver weight in rats and 

mice as documented in BIBRA (1986), Barber et al. (1987), Lington et al. (1997), Moore 

(1998 a; b), Valles et al. (2003) and Smith et al. (2000). 

 

(2) Peroxisome Proliferation: That DINP produces peroxisomal proliferation in rats was first 

documented by Barber et al. (1987) and in the original study report (BIBRA, 1986). 

These reports also documented an increase in peroxisomal enzymes, also shown in 

Moore (1998a; b), Valles et al. (2003) and Smith et al. (2000). A study in mice 

demonstrated the dose-response relationship of DINP treatment to peroxisome 

proliferation, utilizing light microscopy, morphometric evaluation and peroxisomal 

enzyme induction (Kaufmann et al., 2002). 

 

(3) Cell Proliferation: The induction of cell proliferation by DINP treatment in rat and mouse 

liver was first documented by Moore (1998a; b) and subsequently confirmed by Smith et 

al. (2000) and Valles et al. (2003). The enhanced cell proliferation was observed in the 

same hepatic compartment (perivenous, zone 3), where peroxisome proliferation starts 

initially, clearly indicating that the cell proliferation was the consequence of peroxisomal 

proliferation (Valles et al., 2003; Kaufmann et al., 2002). 

 

Thus there are data from studies of DINP which satisfy the ILSI consensus criteria for 

peroxisomal proliferation. DINP produces liver tumors in rats and mice by a non-genotoxic 

process. All of the hallmark criteria for peroxisomal proliferation, i.e., liver enlargement, 

peroxisome proliferation and cell proliferation, have been shown to occur in both rats and mice 

by at least three independent laboratories. 

We note that, while DINP does meet the criteria from the 1995 ILSI workshop (Cattley et 

al., 1998), the subsequent ILSI RSI workgroup update found that “the demonstration of PPARα 

agonism was sufficient to abrogate the necessity for some of the more rigorous (and technically 
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demanding) requirements determined by the previous working group” (Klaunig et al., 2003, p. 

687). DINP is one example of a PPARα agonist used by the ILSI RSI workgroup to develop its 

conclusions (e.g., Klaunig et al., 2003, p. 667). 

3. The DINP Liver Tumors Meet the IARC Criteria for Irrelevance to 

Humans              

As stated above, IARC has reviewed the data on peroxisome proliferation and concluded 

that, when a tumor response in rats and mice is judged to be a consequence of peroxisome 

proliferation, the substance may be considered as not presenting a carcinogenic risk to man 

(IARC, 1995). IARC has in fact applied these criteria to determine that liver tumors in rodents 

treated with a phthalate are not relevant to humans. In February 2000, an IARC working group 

met to consider carcinogenicity data and other evidence of peroxisome proliferation for DEHP. 

Based on mechanistic data and other information, IARC concluded that the mechanism by which 

DEHP increases the incidence of hepatocellular tumors in rats and mice is not relevant to 

humans (IARC, 2000). Although DINP has not yet been evaluated by IARC, the available data 

are very similar to those for DEHP, so similar conclusions are anticipated.  

The criteria established by IARC to make the determination that the tumors are not 

relevant to humans are (IARC, 1995 at 12-13): 

(a) Information is available to exclude mechanisms of 

carcinogenesis other than those related to peroxisome 

proliferation.  

(b) Peroxisome proliferation (increases in peroxisome volume 

density or fatty acid -oxidation activity) and 

hepatocellular proliferation have been demonstrated under 

the conditions of the bioassay.  

(c) Such effects have not been found in adequately designed 

and conducted investigations of human groups and systems. 

The data for DINP meet all of these criteria. With respect to the first criterion, alternative 

mechanisms of carcinogenicity, IARC relies substantially on the same types of information 

considered by ILSI, i.e., is there evidence that peroxisomal proliferation does occur in the species 

which develop cancer and can a role for a genotoxic process be ruled out.
24

 (A genotoxic 

chemical is one that damages cellular DNA and may thereby trigger cancerous growth of the 

cell.) As described above, DINP does produce tumors in livers of rats and mice (Moore, 1998a; 

b) and there is clear evidence of peroxisomal proliferation in the livers of both species (Moore, 

1998a; b; Smith et al., 2000; Valles et al., 2003; Kaufmann et al., 2002). That DINP is not 

genotoxic is shown in Section II, above. In addition, there is no evidence of any pathologic 

changes in the livers of these species unrelated to peroxisome proliferation which could provide 

an alternative explanation for tumor formation (Lington et al., 1997; Moore 1998a; b). Further, 

                                                 

24
  See, e.g., the IARC monograph discussion for DEHP (IARC, 2000, pp.116-121). 
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the electron microscopic evaluation in mice revealed, exclusively, findings related to peroxisome 

proliferation; no other degenerative findings on the subcellular level were observed in either sex 

(Kaufmann et al., 2002).  

Ito et al. (2007) have proposed an alternative pathway for induction of liver tumors by 

another phthalate (DEHP) that is independent of PPARα activation. As discussed in Section 

IV.A.4.b, below, the limitations of the investigation using the mouse model employed by Ito et 

al. preclude this study as being sufficient to indicate there is a valid alternative mode of action of 

carcinogenesis other than that related to peroxisomal proliferation. Activation of CAR as a 

primary and independent pathway leading to tumors in mice has also been proposed for DEHP, 

see Section IV.A.4.b. However there is insufficient evidence to support CAR activation as a 

valid alternative mode of action underlying DEHP-induced liver tumorigenesis. Thus, the first 

IARC criterion is met. 

The second criterion requires that peroxisome proliferation and hepatocellular 

proliferation be demonstrated under the conditions of the bioassay. As indicated above, increases 

in peroxisomal volume density, fatty acid -oxidation and hepatocellular proliferation in livers of 

rats and mice treated with DINP have been documented (Barber et al., 1987; Moore, 1998a; b; 

Smith et al., 2000; Valles et al., 2003; Kaufmann et al., 2002). In the rat study (Moore, 1998a), 

the tumors appeared only at the highest dose (1.2% in the diet or approximately 733 mg/kg/day 

in male rats and 885 mg/kg/day in females). As also documented in the laboratory report 

describing that study (Moore, 1998a), DINP also caused significant increases in liver weight, 

peroxisomal enzyme induction and enhanced cell replication at that level. An independent study 

(Smith et al., 2000) confirmed these observations at the same levels in the same strain of rats. 

Thus the requirement that peroxisomal proliferation be demonstrated under the conditions of the 

bioassay has clearly been met in rats. 

In the Moore mouse study, liver tumors were significantly increased in male mice given 

4000 or 8000 ppm (approximately 740 and 1560 mg/kg/day) and in female mice given 1500, 

4000 or 8000 ppm (approximately 336, 910 and 1888 mg/kg/day) in the diet for two years 

(Moore, 1998b). As defined by the study protocol, liver weights, peroxisomal enzyme induction 

and cell replication were examined in only the high dose group (8000 ppm) and the control, and 

all of these parameters were significantly elevated in the high dose group from that study 

(Moore, 1998b). An independent study also measured liver weight increase, peroxisomal enzyme 

induction and enhanced cell replication in the same strain of mice treated at 6000 ppm (Smith et 

al., 2000), and again all of these parameters were significantly elevated with respect to control. 

To evaluate peroxisome proliferation at the 1500 ppm and 4000 ppm levels, another study was 

conducted to determine the dose-response relationships for peroxisomal volume density and 

peroxisomal enzyme induction in mice treated with DINP. The data indicated that both 

peroxisome volume density and peroxisomal induction were significantly elevated at the 

tumorigenic doses (Kaufmann et al., 2002). These new data provide direct evidence of 

peroxisomal proliferation under the conditions of the bioassay in the mouse as well as the rat. 

Taken together, these data demonstrate that, at every tumorigenic dose level in both rats and 

mice, there is a significant increase in peroxisome proliferation. Thus peroxisomal proliferation 

has been demonstrated under the conditions of the bioassay for DINP, meeting the second IARC 

criterion. 
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The third criterion requires evidence that peroxisome proliferation effects do not occur in 

“adequately designed and conducted investigations of human groups or systems." For this, IARC 

normally relies on data from studies in primates and/or human hepatocytes in culture. There have 

been two studies in non-human primates; in one of these DINP had no effects on the liver and 

showed no other evidence of peroxisome proliferation in marmosets following 90 days of 

treatment at levels up to 2500 mg/kg/day (Hall et al., 1999). In the other, DINP had no effects on 

the liver and showed no other evidence of peroxisome proliferation in cynomolgus monkeys 

following 14 days of treatment at levels up to 500 mg/kg/day (Pugh et al., 2000). Similarly, there 

was no evidence of peroxisome proliferation in either human hepatocytes (Baker et al., 1996; 

Hasmall et al., 1999; Kamendulis et al., 2002) or other primate hepatocytes tested under in vitro 

conditions (Benford et al., 1986; Kamendulis et al., 2002). Thus studies from several laboratories 

using hepatocytes from different individuals or different species of primates have demonstrated 

that a peroxisome proliferator response is not elicited by DINP in humans and other primates. 

In summary, DINP meets all three IARC criteria for identifying a peroxisome proliferator 

for which liver tumors in rodents are not relevant to humans. 

In 2000, IARC reviewed the evidence for DEHP in light of its criteria and determined 

that the classification of DEHP should be changed from Group 2B (probable human carcinogen) 

to Group 3 (not classifiable as to carcinogenicity). IARC summarized its determination for 

DEHP as follows: 

In making its overall evaluation of the possible carcinogenicity to 

humans of di(2-ethylhexyl) phthalate, the working group took into 

consideration that (a) di(2-ethylhexyl) phthalate produces liver 

tumours in rats and mice by a non-DNA-reactive mechanism 

involving peroxisome proliferation; (b) peroxisome proliferation 

and hepatocellular proliferation have been demonstrated under the 

conditions of the carcinogenicity studies of di(2-ethylhexyl) 

phthalate in mice and rats; and (c) peroxisome proliferation has not 

been documented in human hepatocyte cultures exposed to di(2-

ethylhexyl) phthalate nor in the livers of exposed non-human 

primates. Therefore, the mechanism by which di(2-ethylhexyl) 

phthalate increases the incidence of hepatocellular tumours in rats 

and mice is not relevant to humans. 

(IARC, 2000, p. 124.) 

As shown above, the data for DINP completely parallel those for DEHP. 

 DINP is not genotoxic (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). It 

produces peroxisome proliferation in rodent liver (Barber et al., 1987; Bird et al., 

1986; Bio/Dynamics, Incorporated, 1982; Moore, 1998a;b; Smith et al., 2000; 

Kaufmann et al., 2002), but does not produce such effects in PPARα-deficient mice 

(Valles et al., 2003). 
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 Peroxisomal proliferation and hepatocellular proliferation have been demonstrated 

under the conditions of the carcinogenic studies of DINP (Moore, 1998a; b; Smith, et 

al., 2000; Kaufmann et al., 2002; Valles et al., 2003). 

 Peroxisome proliferation has not been observed in cultured human hepatocytes 

treated with DINP or in hepatocytes from subhuman primates treated with DINP 

under both in vivo and in vitro conditions (Baker et al., 1996; Benford, et al., 1986; 

Hasmall, et al., 1999; Hall et al., 1999, Pugh et al., 2000; Kamendulis et al., 2002). 

Therefore, for the same reasons IARC found that the liver tumors in rodents exposed to 

DEHP are not relevant to humans, the liver tumors observed in rats and mice exposed to high 

doses of DINP are not relevant for human hazard assessment. 

4. Alternative Modes of Action for the Liver Tumors 

Not only is there evidence that DINP induces peroxisomal proliferation in rats and mice, 

there is also direct evidence that induction of the peroxisomal functions is related to activation of 

the PPARα receptor. Clearly peroxisomal proliferation is the most plausible mode of action 

underlying the liver tumor response in rats and mice (Klaunig et al., 2003). Some have 

speculated on potential alternative pathways and targets whereby PPARα agonists could act via 

an independent and alternative mode of action leading to tumorigenesis. However, these data are 

insufficient to support other modes of action as sole drivers for the formation of liver tumors in 

rodents treated with DINP. 

a. DINP Data  

Since DINP is not genotoxic, the liver tumors could not have been initiated by a direct 

interaction with DNA. Therefore, the tumors must have been due to a secondary process related 

to cellular injury in the organ. There is no histologic evidence in the rodent studies for any liver 

changes other than those associated with peroxisomal proliferation. This was also confirmed by 

electron microscopy in mice, which revealed no other degenerative changes on the subcellular 

level (Kaufmann et al., 2002). In particular, there was no evidence of any other compensatory 

cell proliferation resulting from a toxic process other than enhanced replicative DNA synthesis, a 

PPARα-mediated process. DNA synthesis was statistically enhanced in the same hepatic 

compartment (perivenous, zone 3) where peroxisome proliferation was predominantly exhibited. 

There was evidence of inhibition of gap junctional intercellular communication (GJIC) (Smith et 

al., 2000), but, as noted by IARC (1995), this is not inconsistent with a peroxisomal 

proliferation-mediated process. In fact, the ILSI RSI workgroup identified GJIC as a key event 

associated with the PPARα mode of action (Klaunig et al., 2003, p. 671). GJIC inhibition could 

act in concert with either enhanced cell replication or inhibition of apoptosis – which are the 

consequence of activation of the PPARα receptor – facilitating the expression of tumors in 

rodents following peroxisomal proliferator treatment (McKee, 2000).  

b. DEHP Data 

There are four non-exclusive hypotheses to explain the carcinogenic effects of 

peroxisome proliferators; (i) that oxidative stress related to induction of peroxisomal enzymes 
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leads to malignant transformation, (ii) that enhanced replicative synthesis facilitates the 

expression of these (or spontaneously) transformed cells, (iii) that inhibition of apoptosis 

prevents transformed cells from being removed by normal homeostatic mechanisms and/or (iv) 

these in combination (Peters et al., 2000). The sufficiency of these processes to explain the 

carcinogenic response is consistent with current theoretical models.  

The empirical evidence comes from a study in which a mouse strain lacking PPARα (i.e., 

PPARα-null mouse) did not have elevated levels of peroxisomal enzymes or enhanced cell 

replication and did not develop liver tumors following treatment with a potent peroxisome 

proliferating agent Wy-14,643 (Peters et al., 1997). Similarly, PPARα-null mice treated with 

high levels of DEHP (12,000 ppm) for six months developed no liver lesions, in comparison to 

significant liver lesions in wild-type mice (Ward et al., 1998). 

On the basis of the strong body of evidence demonstrating that DEHP causes cancer in 

rodents via the PPARα mode of action and that that mode of action is unlikely to operate in 

humans, IARC and ILSI have determined that liver tumors in rodents treated with DEHP are not 

relevant for assessment of human cancer hazard from DEHP (IARC, 2000; Klaunig et al. 

(2003).
25

 Despite these expert body determinations, some recent papers propose alternative mode 

of actions for induction of liver tumors by DEHP that are independent of PPARα activation. 

Because OEHHA’s summary of DINP data includes references to these recent DEHP papers, we 

assume that OEHHA may be hypothesizing that the speculated alternative mode of actions might 

apply to DINP. 

We stress that there is no evidence from DINP studies that would support a theory that 

DINP could operate via these alternative mode of actions. However, because DINP and DEHP 

both cause tumors in rodents by the same PPARα mode of action, we address these proposed 

alternatives below. We also address the work of Yang et al. (2007) regarding the sufficiency of 

the PPARα mode of action to explain the rodent tumors. 

Kupffer Cell Initiation  

 

An early alternative proposal to the PPARα-mediated mode of action was that Kupffer 

cells initiated the proliferation response through production of tumor necrosis factor alpha 

(TNFα) by a process independent of PPARα (Rose et al., 1999). However, more recent data has 

shown that rodent liver hepatocytes respond to Kupffer cell-derived TNFα through mode of 

actions dependent on expression of PPARα in parenchymal cells (Peters et al., 2000), and the 

ILSI RSI workgroup identified Kupffer cell-mediated events as a key event associated with the 

PPARα mode of action (Klaunig et al., 2003, p. 671). Thus there is no plausible explanation for 

the rodent liver tumors except a PPARα-mediated process.   

                                                 

25
  “The data lead to a conclusion that a carcinogenic response induced via the MOAs for liver 

tumorigenesis in the rodent is not likely to occur in humans following exposure to DEHP.” 

Klaunig et al. (2003) at 704. “[T]he mechanism by which di(2-ethylhexyl) phthalate increases the 

incidence of hepatocellular tumours in rats and mice is not relevant to humans.” IARC (2000) at 

124. 
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Oxidative Stress (Ito et al., 2007) 

 

Ito et al. (2007) compared the effects of long-term dietary exposure of up to 0.05% 

DEHP on liver toxicity of wild type (+/+) and PPARα null (-/-) mice. They used a knockout 

PPARα -/- mouse strain, produced according to the method published by Lee et al. (1995), which 

is designed to cause both PPARα alleles in the mouse to be replaced by inactivated alleles, using 

the homologous recombination technique. Four biological endpoints were assessed after 24 

months of treatment; the endpoints were referred to as: macroscopic liver findings, including 

tumors; microscopic liver findings; oxidative damage (8-hydroxy-2’-deoxyguanosine (8-OHdG) 

levels) and proto-oncogene expression levels (mRNA and/or protein). Ito et al. reported a 

statistically significant increase in the number of total liver tumors (i.e., hepatocellular 

carcinomas, hepatocellular adenomas and cholangiocarcinomas) from 2-8 (10-25.8%) between 

the wild type and knockout mice fed the top dose DEHP diet (p<0.05). 

On the basis of their data, Ito et al. proposed an alternative mode of action for DEHP 

induced liver tumors independent of PPARα activation: DEHP-induced oxidative stress in mouse 

hepatocytes leading to inflammation and the activation of protooncogenes. However, several 

factors bring into question the utility of this paper for assessing DEHP (or by read-across, DINP) 

rodent carcinogenicity and the role (or lack of a role) of PPARα.  

PPARα Null Mouse Model  

Ito et al. reported the use of a PPARα null mouse strain produced according to a method 

published by Lee et al. (1995). The Lee et al. knockout mouse had both PPARα alleles replaced 

using the homologous recombination technique. It should be noted that in a knockout model, the 

possibility that other genes overlap with the PPARα function cannot be eliminated. Lee et al. 

were able to demonstrate that their PPARα mice no longer had detectable levels of the PPARα 

gene, mRNA or protein via the Southern, Northern and Western blotting techniques, 

respectively. Ito et al. (2007) provide no such data, other than a mention that PPAR mRNA was 

only measured in wild-type animals. Without supporting data, the authors cannot demonstrate 

that their animals were truly PPARα knockouts. 

 Survival Rates 

Ito et al. reported percent survival for the control (i.e., 0% DEHP) wild type mice and the 

PPARα null mice through 23 months to be 96%. This survival rate is significantly higher than 

that earlier reported by Howroyd et al. (2004), where the percent survival for 22 wild-type and 

12 null mice at 23 months were ~60% and 35%, respectively. As Ito et al. and Howroyd et al. 

both cite the same laboratory and background for their mice, the mice used by the two research 

groups apparently are from the same stock colony. The survival rates reported by Howroyd et al. 

are much more in line with typical survival rates of transgenic mouse strains. Therefore, the 

unusually high survival rates reported by Ito et al. raise serious questions about their data. Ito et 

al. did not address in their paper why the survival rate in their study was so different from that of 

the earlier Howroyd et al. study. 
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 Liver Weight 

Ito et al. reported no significant effect on bodyweight or liver weight in either the wild or 

the null mice. However, the data suggest a trend towards an increase in liver weight for the 

PPARα -/- (null) animals, especially the 0.05% DEHP exposed group (+/+ mean = 1.27g ±0.18; -

/- mean = 1.78g±0.84). A trend of increased liver weight was not observed in the wild mice. In 

addition, the data indicate that peroxisome proliferation was not occurring in the wild-type mice 

at the doses tested. These results are the opposite of what would be expected for a PPARα 

agonist hepatocarcinogen (Klaunig et al., 2003). If the PPARα mode of action was induced in the 

wild type mice with 0.01 or 0.05% DEHP, then increases in liver weight and in size and number 

of hepatocyte peroxisomes would have been observed (e.g., David et al., 1999; Klaunig et al., 

2003 Table 5), whereas no increase in liver weight would be anticipated for the null mice. 

Therefore, the DEHP treated wild-type mice were not an adequate control comparison to the 

DEHP treated null mice in this study. 

 8-hydroxy-2’-deoxyguanosine (8-OHdG) Levels 

As indicated above, 8-OHdG is a marker of oxidative damage to DNA. Ito et al. reported 

that DEHP treatment dose-dependently increased 8-OHdG levels in the livers of both PPARα 

null mice and wild-type mice; however, the degree of increase was greater in the null mice. This 

could be a reflection of the fact that levels of 8-OHdG were significantly higher in the PPARα 

null control (i.e., 0% DEHP) mice than the wild-type control mice, which would indicate that the 

PPARα null mice suffered from an increased hepatic oxidative stress, as compared with wild-

type mice, with or without DEHP treatment.  

Although previous research has suggested that oxidative DNA damage is a PPARα 

dependent event (Rusyn et al., 2004), the Ito data suggest that mice fundamentally have 

increased oxidative damage even in the absence of PPARα. As oxidative stress increases and 8-

OHdG accumulates, DNA repair is induced as a compensatory mechanism in the wild-type 

animal. Chronic treatment with peroxisome proliferators, including DEHP, has induced 

increased repair in both rat and mouse liver (Rusyn et al., 2000). Ito et al. demonstrated that the 

mRNA levels of an 8-OHdG repair enzyme, 8-oxoguanine DNA-glycosylase 1, were unchanged 

in both wild-type and null mice suggesting that repair was not induced in either the wild-type or 

null mice. This could explain why DEHP-induced increased oxidative stress was observed with 

both genotypes.   

 Tumors 

Ito et al. reported that a statistically significant increase in the number of liver tumors 

(i.e., hepatocellular carcinomas, hepatocellular adenomas and cholangiocarcinomas) from 2-8 

(10-25.8%) was seen between the wild type and null mice fed the top dose DEHP diet (p<0.05). 

This was mostly due to a jump from 2 to 6 in hepatocellular adenoma (i.e., benign tumors) 

incidence between these two groups. Statistical significance was reached only when the total 

numbers of tumors were combined. Ito et al. discuss the low number of tumors and report them 

to be a reflection on the relatively low doses of DEHP used in the study. Again, these same doses 

of DEHP did not induce peroxisome proliferation or any indications of hepatomegaly in the 

wild-type animals.  
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The utility of these data is limited in that a number of reports have indicated that aged 

(e.g., 24 month) PPARα-null mice are more vulnerable to tumorigenesis than wild-type mice, 

due to fundamental mechanistic differences in the two types of mice (Mandard et al., 2004; 

Kostadinova et al., 2005; Balkwill and Couseens, 2005; Pikarsky et al., 2004; Takashima et al., 

2008).  

Howroyd et al. (2004) compared age-dependent lesions in the liver, kidney and heart in 

PPARα-null mice with those observed in wild-type SV129 mice, in the absence of any chemical 

treatment. (SV129 is also the strain used by Ito et al.) Various non-neoplastic spontaneous aging 

lesions occurred at higher incidence, shorter latency, or increased severity in PPARα-null mice 

compared with wild-type mice. In addition, a greater number of hepatocellular carcinomas and 

multiple hepatocellular adenomas were seen in PPARα-null mice compared with wild-type. 

Thus, as spontaneous tumors are known to occur in the PPARα-null mice at 24 months, the Ito et 

al. data indicate the possibility that DEHP merely promoted the formation of the spontaneous 

liver tumors in the aged null mice. As suggested by Howroyd et al. (2004), PPARα may, in fact, 

delay the development of some spontaneous lesions associated with aging in the liver of SV129 

mice.  

Takashima et al. (2008) examined gene expression profiles of hepatocellular adenoma 

tissues as well as control livers of wild-type and PPARα null mice. The genes identified and 

hypothesized to contribute to spontaneous tumorigenesis (i.e., Gadd45a and caspase 3-dependent 

apoptosis genes) in the null mice were unique to the null mice. These data indicate that the 

underlying biology between the wild-type and knock out mice differs. These fundamental 

differences complicate the interpretation and explanation of liver tumor formation in the null 

mice.  

On the basis of the null-mouse data, Guyton et al. (2009) have suggested that a mode of 

action independent from PPARα may contribute to tumorigenesis. However, Guyton et al. 

attempted to compare chemically induced tumor incidences across strains of mice (e.g., SV129 

vs. B6C3F1). Such comparison may be confounded by the strain-specific susceptibility to 

spontaneous tumorigenesis (Krupke et al., 2008).
26

 

Importantly, with respect to DINP, literature searches reveal no reports that DINP 

induces production of reactive oxygen species in livers of rodents, humans or non-human 

primates, or in cultured liver cells from these species.  

For all the above reasons, the Ito et al. (2007) data are not sufficient to indicate that, for 

DINP, there is a valid alternative mode of action resulting in liver tumors in rodents other than 

that related to peroxisomal proliferation. 

                                                 

26
  Mouse Tumor Biology Database (MTB), Mouse Genome Informatics, The Jackson Laboratory, 

Bar Harbor, Maine, http://www.informatics.jax.org/. 
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Other Nuclear Receptors, including CAR 

 

Another suggestion is that peroxisome proliferator agonists induce effects in the liver 

through nuclear receptors other than PPARα. Under this hypothesis, such activation of other 

receptors potentially represents a secondary mode of action contributing to liver tumorigenesis. 

Gonzalez et al. (1998) concluded that all peroxisome proliferators are likely to cause 

tumors through activation of PPARα, and not via other nuclear receptors, including PPAR or 

PPAR. The activity of PPARα is not the same in humans as in rodents. There is only one 

function related to PPARα activation in rodents which is also expressed in humans – fatty acid 

metabolism – and that proceeds by different pathways in these species. As reviewed by Vameq 

and Latruffe (1999), PPAR is involved in adipocyte differentiation, formation of foam cells and 

interference with tumor growth. Thus, activation of PPAR seems more likely to be involved in 

tumor protection than tumor induction. Further, in contrast to PPARα, the activity of this 

receptor seems to be conserved across species. PPAR may be involved in adipocyte 

differentiation but is not well understood.  

More recently, activation of the constitutive activated/androstane receptor (CAR) and/or 

pregnane X receptor (PXR) have been suggested as alternative pathways. CAR and PXR regulate 

an overlapping set of xenobiotic metabolizing enzymes (XMEs), including members of the 

cytochrome P450 (Cyp) 2b and 3a families and genes associated with growth regulation in the 

rat and mouse liver (Nelson et al., 2006).  

Of particular interest is CAR, an orphan nuclear receptor which regulates the expression 

of XMEs and transport proteins in response to exposure to xenobiotics. CAR received its name 

because of its high constitutive activity, and, when it was originally cloned, it was thought to be a 

permanent resident of the nuclear compartment; an observation made in a cell line (Baes et al., 

1994). However, further work in primary hepatocytes indicates that, in its inactive state, CAR is 

localized to the cytosol and only translocates to the nucleus in response to an inducer (Kawamoto 

et al., 1999). While some xenobiotics are able to bind to CAR, facilitating activation, ligand 

binding to CAR is not a requirement. In fact, it is hypothesized that the majority of CAR 

activators work through indirect mechanisms (Baldwin and Roling, 2009). For example, 

phenobarbital (PB) activates CAR through an AMP kinase phosphorylation cascade (Rencurel et 

al, 2005; Shindo et al, 2007). Once in the nucleus, CAR hetero-dimerizes with retinoid X 

receptor alpha (RXRα), the most abundant of the three RXR receptors, prior to binding DNA and 

inducing gene expression. 

Transactivation assays have shown that the phthalate DEHP and its primary metabolite 

monoethylhexyl phthalate (MEHP) can activate mouse CAR and PXR. In the presence of an 

inverse agonist to increase assay sensitivity, MEHP was demonstrated to activate mouse CAR 

approximately 2-fold above control in an in vitro luciferase reporter assay (Baldwin and Roling, 

2009). MEHP was also shown to activate mouse PXR (Hurst and Waxman, 2004). In a 

transactivation assay designed to measure mRNA expression of the CAR target gene Cyp2b10, 

MEHP did not induce any change in gene expression, while DEHP up-regulated Cyp2b10 

approximately 2-fold (Eveillard et al, 2009). Upon oral administration, DEHP is rapidly 

metabolized to MEHP (IARC, 2000, at 74-75); therefore, the mouse liver is likely exposed 
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predominantly to MEHP. The significance of the in vitro DEHP-induced activation becomes 

questionable due to the influence of this rapid metabolism in vivo. 

The PPARα independent biological events underlying the observed DEHP-induced 

mouse liver tumors in PPARα-null mice (Ito et al., 2007) may involve activation of CAR. The 

contribution of CAR-regulated gene expression changes in wild-type and PPARα null mice was 

recently investigated (Ren et al., 2010; Rosen et al., 2008). Wild-type and PPARα null mice were 

given a daily gavage dose of 200 mg/kg or 1150 mg/kg DEHP for 4 days. A dose of 200 mg/kg 

is comparable to the 0.05% dose of DEHP used by Ito et al. (2007). A comparison of DEHP-

treated wild-type and PPARα-null mice revealed that PPARα is required for approximately 94% 

of all transcriptional changes in wild-type mice (Ren et al., 2010). The remaining 6% of 

transcriptional changes are dominated by genes involved in xenobiotic metabolism, which have 

the potential to be under the regulation of CAR. Transcription profiling of the 6% remaining 

genes in DEHP treated mice indicates that a number of xenobiotic metabolizing enzymes that are 

known CAR target genes are induced to a greater extent by DEHP in PPARα-null mice than in 

wild type mice (Ren et al., 2010). This research indicates that, only in the absence of PPARα 

(i.e., PPARα-null mice), chronic activation of CAR becomes the predominant mode of action 

contributing to the low level of liver tumors induced. Importantly, in wild-type mice, DEHP 

transcriptional responses are shown to be overwhelmingly dependent on PPARα. This is 

consistent with data showing that PPARα is expressed in higher levels in liver compared to 

CAR; therefore, PPARα gene-expression may be favored (Ren et al., 2010). 

These data suggest that DEHP/MEHP activates CAR; however, the data do not elucidate 

whether this occurs via direct ligand binding or through some indirect pathway activation. 

Questions also remain as to the dominance of this pathway in a wild-type animal. These early 

studies indicate that CAR activation is a minor pathway affected by MEHP and this activation 

would, in essence, be “swamped out” by the activation of PPARα and its ensuing effects. The 

minor contribution of DEHP-induced CAR activation to liver tumorigenesis in the wild-type 

mouse is not sufficient to drive tumorigenesis independent of PPARα. 

To date, there has only been one study which investigated the ability of DEHP and 

MEHP to activate human CAR (DeKeyser et al., 2009). In human livers, the CAR gene 

expresses a number of differentially spliced mRNA transcripts, (Savkur et al., 2003; Arnold et 

al., 2004; Jinno et al., 2004; Lamba et al., 2004). The CAR2 splice variant, which lacks 

constitutive activity, is expressed at approximately 30% of the reference transcript level in 

human hepatocytes (Xu et al., 2004; DeKeyser et al., 2009). The CAR2 transcript cannot be 

generated in marmoset, mouse and rat, indicating that CAR2 may be unique to humans (Kent et 

al., 2002; DeKeyser et al., 2009). DEHP has been shown to activate CAR2 in vitro in a 

transactivation study in which CAR2 was added to a kidney epithelial cell line derived from the 

African green monkey (i.e., COS-1). However, when MEHP was tested in the same assay, only 

weak activity was demonstrated even at a concentration of 10uM. From this, DeKeyser et al. 

(2009) concluded that DEHP, not MEHP, is a potent agonist of CAR2. However, this conclusion 

is inconsistent with the prevailing hypothesis that MEHP is the active metabolite in animals and 

humans due to the high rate of metabolism of the parent compound (see, e.g., ECB, 2008; 

Rhodes et al., 1996; Tomita et al., 1982). Thus, these data suggest that activation of CAR2 is not 

a plausible mode of action whereby DEHP could cause cancer in humans (or even mice). 
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Although CAR2 was not seen to be conserved across species (e.g., rat, mouse and 

marmoset), CAR1, the predominant nuclear hormone receptor in rodents and humans, is 

conserved. In a mammalian two-hybrid system set up to test human CAR1 affinity, DEHP was 

only a weak competitor of the inverse agonist androstanol at 10uM; the same result was obtained 

when mouse CAR was tested (DeKeyser et al., 2009). Unfortunately, MEHP was not tested for 

affinity to either human or mouse CAR1. These data suggest that if DEHP and/or MEHP does 

not readily bind the highly conserved CAR1, and CAR1 is the only active CAR in rodents, then 

DEHP/MEHP is likely an indirect activator of CAR in rodents. Further evidence is needed to 

understand whether CAR activation occurs simultaneously with activation of PPAR and 

contributes as a secondary pathway to upregulation of cyp genes or whether CAR activation is 

compensatory under conditions where there is a breakdown in the PPAR signaling cascade. 

The same study also showed, in primary human hepatocytes, 50 uM DEHP up-regulated 

the two predominant genes regulated by CAR, CYP2B6 and CYP3A4 (DeKeyser et al, 2009). 

This up-regulation is likely a net effect of DEHP-induced activation of PPARα, PXR and 

possibly CAR. It is not direct evidence for CAR activation in human primary hepatocytes. 

There are currently no in vivo or in vitro human data regarding DINP binding to or 

indirect activation of CAR-regulated genes.  

In summary, the available data on phthalate-induced activation of CAR and the formation 

of rodent liver tumors indicates that (1) only in the absence of PPARα (i.e., PPARα-null mice); 

does chronic activation of CAR contribute significantly to the low level of liver tumors observed 

(2) DEHP and/or MEHP activates CAR in rodents, but this is a minor pathway and would, in 

essence, be “swamped out” by the activation of PPARα and its ensuing effects in wild-type 

animals; and (3) CAR is not conserved across species and therefore effects of CAR activation in 

rodents may not be relevant to humans. 

Sufficiency of PPARα to Cause Liver Tumors (Yang et al., 2007) 

 

Yang et al. (2007) have conducted research that does not provide an alternative mode of 

action for the rodent livers tumors, but from which they speculate that the PPARα mode of action 

is not sufficient to explain the tumorigenesis. However, the results of this study must be 

interpreted with caution. Questions about the study must be addressed before it can be 

considered a serious challenge to the prior conclusions of expert body reviews on rodent liver 

tumor formation from treatment with PPARα agonists. 

Yang et al. created a transgenic mouse model, termed LAP-V16 PPARα, which displays 

a constitutively active PPARα restricted to hepatocytes.
27

 Because the animals are not in a 

                                                 

27
  The potent viral transcriptional activator VP16 was fused to the mouse PPARα cDNA construct 

to create a transcription factor that constitutively activates PPARα responsive genes in the 

absence of ligands (Yang et al., 2006). Transgenic mice were produced whereby inducible 

expression of the VP16 PPARα transgene was targeted to hepatocytes using the tetracycline 

regulatory system under the control of the liver enriched activator protein promoter (LAP). 
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PPARα-null background, they also express endogenous PPARα in multiple tissues; including the 

liver.  

For the most part, the LAP-V16 PPARα mice exhibited molecular and cellular responses 

similar to that of wild-type mice fed the potent PPARα agonist WY-14,643.
28

 The major 

difference between the LAP-V16 PPARα transgenic animals and the wild-type mice was the 

absence of liver tumors in aged, 1 year, LAP-V16 PPARα mice. Unlike the wild type mice in the 

chronic feeding study with WY-14,643, which exhibited a hepatic tumor incidence rate of 100%, 

the LAP-V16 PPARα transgenic animals did not exhibit any grossly visible hepatic lesions. On 

the other hand, the induction of hepatocyte proliferation was similar between the LAP-V16 

PPARα mice and the wild-type mice fed WY-14,643. Therefore, the results indicate that 

constitutive activation of PPARα in mouse hepatocytes induces hepatocyte proliferation, but is 

not sufficient to induce liver tumors.  

As stated, the results of this study must be interpreted with caution. The authors of the 

study created the transgenic mice by introducing the LAP-V16 PPARα transgene in a wild-type 

(129/Sv) background. In LAP-V16 PPARα animals, the viral coactivator V16 functions by 

recruiting coactivator complexes, including histone acetyltransferases, to the vicinity of PPARα 

dependent genes (Herrera and Triezenberg, 2004). The over-expression of PPARα results in an 

increased likelihood that the protein, based on sheer quantity, will be near an inducible gene 

leading to changes in gene transcription. Thus, while this model is useful for deciphering 

molecular and cellular events, the results are not necessarily an accurate representation of the 

effects resultant from ligand activation of PPARα.  

Perhaps the biggest drawback for the study is that no attempt to distinguish global 

changes in gene expression between ligand-exposed wild-type mice and the constitutively active 

transgenic animals is made. Without this key piece of information, it is not possible to have 

confidence in the transgenic model as a surrogate for ligand activation of PPARα. Furthermore, 

this information would shed light on the observed differences between the transgenic animals 

and the wild-types. Another issue not addressed in the study is what influence, if any, the 

endogenous (normal) PPARα had in the transgenic mice, since they were not generated in a 

PPARα -/- null background.  

* * * * * 

                                                 

28
  Hepatomegaly was observed in the LAP-V16 PPARα mice, but at a much lower extent when 

compared to wild-type mice treated with WY-14,643 for 2-weeks. Histological examination 

revealed that the wild-type mice treated with WY-14,643 had hepatocyte hypertrophy while the 

LAP-V16 PPARα did not. The LAP-V16 PPARα mice exhibited similar expression levels of a 

few PPARα target genes involved with peroxisomal, mitochondrial and microsomal fatty acid 

catabolism as compared to wild-type mice treated with WY-14,643. Furthermore, the induction of 

peroxisome proliferation as measured by the marker protein peroxisomal membrane protein 70, 

the reduction of serum lipids and the quantity of hepatocyte proliferation was equivalent between 

the LAP-V16 PPARα mice and the wild-type mice treated with WY-14,643. Non-parenchymal 

cell (NPC) proliferation was not observed in LAP-V16 PPARα mice in contrast to the dramatic 

proliferation of these cells in WY-14,643 treated wild-type mice. NPCs include Kupffer cells, 

hepatic stellate cells and sinusoid endothelial cells. 
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Thus, while there have been some recent papers that suggest alternative mode of actions, 

significant questions about the studies detract from their plausibility. There is no mode of action 

other than a PPARα process that provides a plausible mode of action for the liver tumors 

observed in DINP-treated rodents. Even if the speculated alternative processes do occur, the 

weight of the evidence is that the PPARα process is predominant and necessary for rodent 

hepatic tumor formation. 

5. The PPARα Mode of Action Does Not Operate in Humans 

Having established that the mode of action by which DINP causes liver tumors is 

PPARα-mediated, one could ask whether there is a theoretical possibility that tumors could arise 

in humans as a consequence of a peroxisome proliferation-mediated response. The evidence 

indicates that the answer to this question is no. There are notable species differences with respect 

to peroxisome proliferation and the induction of liver tumors from PPARα agonists. Rodents 

such as rats and mice readily exhibit peroxisomal proliferation and tumor formation while guinea 

pigs, non-human primates and humans are significantly less responsive to peroxisomal 

proliferation.  

a. PPARα Expression and Activation in Rodents and Humans 

The demonstration that activation of PPARα was an absolute requirement in the 

induction of lesions leading to tumor formation (Ward et al., 1998) established a basis for species 

differences; levels of PPARα in humans are substantially lower than they are in rodents. Palmer 

et al. (1998) have shown that humans have less than one-tenth the level of PPARα expression 

observed in mice. These reduced levels appear to be the result of lower transcription rates, 

inefficient pre-messenger RNA splicing, or both (Palmer et al., 1998; Tugwood et al., 1996). 

In addition to the reduced levels of PPARα in humans, there is strong evidence that there 

are additional factors which prevent the expression in humans of the PPARα-mediated functions 

which play a role in rodent cancer. Woodyatt et al. (1999) showed that, although human PPARα 

could bind peroxisome proliferating agents (PP-agents) and that this complex could drive 

transcription of the acetyl co-enzyme A (ACO) in mouse cells, it could not drive transcription of 

this gene in human cells. In fact, the activity of the PPARα/PP-agent complex may be a basis for 

species differences in metabolism of fatty acids: in rodents fatty acid metabolism involves 

activation of PPARα by a PP-agent and transcription of the ACO complex, whereas in humans 

the PPARα/PP-agent complex binds to a different response element and transcribes the apoA1 

and apoCIII regions (summarized in Roberts, 1999).
29

 Vanden Huevel (1999) noted that there 
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  In rodents, lipid metabolism is mediated by peroxisomal enzymes, specifically acetyl CoA 

oxidase (ACO), whereas human lipid metabolism is mediated through alterations in gene 

expression of the major high density apoliproteins, apoAI, apoAII and apoCIII as well as 

lipoprotein lipase (LPL) (reviewed in Vamecq and Latruffe, 1999). Roberts and coworkers 

(Lambe et al, 1999; Woodyatt et al., 1999) have shown that the human peroxisome proliferation 

response element (PPRE) differs in sequence from that of the rat. They have shown further that 

whereas both human and mouse PPAR can drive transcription of mouse ACO, neither can drive 
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was interindividual variability in human PPAR sequences and wondered whether that could lead 

to individuals at increased risk. However, the identified human PPARα variants have been either 

inactive (Woodyatt et al., 1999) or dominant negative suppressors (Gervois et al., 1999). Thus, 

the interindividual variability which has been identified has tended to reduce effective PPARα 

levels in humans rather than to increase them. Further, Lawrence et al. (2001) tested this 

hypothesis directly with human cell lines (HepG2 cells) that “over-expressed” human PPARα. 

They found that the PPARα-related functions were not increased by PPARα agonists, 

demonstrating that, although PPARα is present in human cells, higher PPARα levels, if present, 

could not lead to greater risk. 

Thus, since the 1990’s, the data have indicated that there are both quantitative and 

qualitative differences between rodents and humans. The data shows that the levels of PPARα in 

humans are at least an order of magnitude below those found in rodents. Further, although some 

fraction of human PPARα can bind agonists and is active when tested with rodent receptors, the 

evidence suggests that it does not lead to transcription of similar functions in humans. 

Specifically, MEHP has been shown to be a less avid agonist for the human PPARα receptor 

than for the mouse and rat receptor (Bility et al., 2004). 

There also was been inferential evidence from the late 1990’s that the PPARα-related 

functions related to rodent liver carcinogenicity are not expressed in humans. A review article by 

Gonzalez et al. (1998) noted that the mechanisms of rodent liver carcinogenicity associated with 

peroxisome proliferation included oxidative stress (which the authors associated with expression 

of peroxisomal enzyme induction) and enhanced cell proliferation. They also believed there to be 

a role for apoptosis (programmed cell death, inhibited by peroxisome proliferators) and tissue 

necrosis factor α (TNF-α), a hepatocyte growth factor secreted by Kupffer cells. They reported 

that humans differed from rodents in expression of PPARα-related functions in a number of 

ways (Table 3). 

Since the publication of that table, the two question marks in the human column have 

been answered. Apoptosis in human hepatocytes has been shown to be unaffected by DINP 

(Hasmall et al., 1999), and PPARα activation seems to have no role in inflammatory processes in 

humans (Vameq and Latruffe, 1999). In addition, the positive hypolipidemic effects in humans 

have been shown to occur by a process which is different from that which is active in rats and 

mice (Vameq and Latruffe, 1999). 

 

                                                                                                                                                             
transcription of the human ACO gene sequence (Woodyatt et al., 1999). Conversely, there are 

also differences between humans and rats in the sequence of the ApoA1 gene promoter; the 

human gene is activated by hypolipidemic agents whereas the rat gene sequence is not (Vu-Dac et 

al., 1998). Thus, the lack of expression of residual peroxisomal function in primates and cultured 

human cells seems to be a consequence of differences between humans and rats at the 

transcriptional level in control of lipid metabolism. 
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Table 3. 

Comparison of Human and Rodent Expression of PPARα-Related Functions 

 (from Table 2 in Gonzalez et al., 1999) 

 

Response to peroxisome 

proliferators 

Mice and Rats PPARα-Null 

Mice 

Humans 

PPARα expression + - +/10 (10 fold less 

than mice) 

increase in peroxisomes + - - 

enzyme induction + - - 

cell proliferation + - - 

apoptosis inhibition + - ? [see text] 

hypolipidemic effects + - + 

anti-inflammatory effects + - ? [see text] 

increased risk of cancer + - - 

 

 

b. PPARα Function and Expression in Humanized Mouse Models 

To decipher the molecular differences between the human and mouse PPARα, several 

mouse models that only express human PPARα have been created (Cheung et al, 2004; 

Morimura et al, 2006; Yang et al, 2008). These models indicate that the observed species 

differences could potentially be attributable to differential changes in gene expression and further 

emphasize the difference between humans and rodents in the response to peroxisome 

proliferators. Unlike wild-type mice, liver-specific humanized PPARα mice do not develop liver 

cancer after chronic treatment with the PPARα agonist WY-14,643 (Morimura et al, 2006). 

Simply stated, the molecular message relayed from the mouse PPARα is different than the 

message from the human PPARα. Furthermore, these transgenic models also demonstrate that 

the effects of PPARα agonists on lipid metabolism are distinct from the effects on hepatomegaly 

and liver carcinogenesis, thereby suggesting a mode of action by which humans can be resistant 

to the development of liver cancer but yet still exhibit decreased triglycerides; from fibrate 

pharmacotherapy for example.   

The first humanized PPARα (hPPARα) mouse model was reported by Cheung et al. 

(2004); subsequently used by Morimura et al. (2006). This transgenic model specifically 

expresses the human receptor in the liver of PPARα null mice. To generate this model, hPPARα 

was placed under the control of the Tet-Off system of doxycycline control with the liver-specific 

LAP1 promoter; leading to constitutive expression of hPPARα in the absence of doxycycline 

only in the liver and not in any other tissues.  

The expression level of hPPARα in this model was comparable to the wild-type mouse 

PPARα (mPPARα). Treatment of the hPPARα transgenic mice with either WY-14,643 or 

fenofibrate, two well known PPARα agonists, resulted in the induction of peroxisomal lipid-

metabolizing enzymes; demonstrating that the hPPARα is functionally active. Wild-type mice 

treated with the PPARα agonists showed a marked hepatomegaly that was due to enhanced cell 

proliferation as well as cell hypertrophy resulting from an increase in the number and size of 
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peroxisomes. In contrast, the hPPARα transgenic mice did not exhibit any hepatocellular 

proliferation nor did they have an induction of the cell cycle genes typically associated with 

proliferation. More importantly, the hPPARα transgenic mice were found to be resistant to WY-

14,643 induced hepatocarcinogenesis after 11 months of treatment; which is in direct contrast to 

the 100% incidence rate observed in the wild-type mice which had both hepatocellular adenomas 

and carcinomas (Morimura et al, 2006).  

A second humanized transgenic mouse model was created by Yang et al. (2008) in which 

the human PPARα gene isolated from a PAC genome library, with 5’ and 3’ flanking sequences 

spanning approximately 100 kilobases (kb) upstream of exon 1 and 28 kb downstream of exon 8, 

was introduced into transgenic mouse founders that were further bred with PPARα-null mice, 

resulting in a mouse model that only expressed the hPPARα gene.  

Initial experiments showed that the expression patterns and relative expression amount of 

hPPARα in the transgenic animals were identical to wild-type mice; hPPARα was expressed in 

organs or tissues with high fatty acid catabolism as expected. Responsiveness of the hPPARα 

transgenic model was also similar to wild-type animals in that hPPARα responsive gene and 

protein levels were up-regulated by overnight fasting. Furthermore, following two weeks of 

fenofibrate treatment, a robust induction of genes encoding enzymes for peroxisomal, 

mitochondrial, microsomal and cytosolic fatty acid metabolism were found in the liver, kidney 

and heart was observed in both wild-type and hPPARα transgenic mice, similar to the effects 

observed in PPARα-null mice transfected with an adenovirus containing either the human or 

mouse PPARα (Yu et al., 2001). 

Hepatomegaly was observed in hPPARα transgenic mice following 2 weeks of exposure 

to WY-14,643. However, the extent of hepatomegaly was markedly lower than in wild-type 

mice. Peroxisome proliferation was also noted in both the transgenic mice and wild-type mice. A 

significant difference in hepatic gene expression was noted between the wild-type and transgenic 

mice; more genes were induced by WY-14,643 in wild-type mice as compared to the transgenic 

mice. Additionally, the expression of pri-let-7C and mature let-7C, a microRNA transcript 

critical for cell growth and shown to target c-myc, a known oncogene, was not inhibited by WY-

14,643 in the transgenic mice as compared to the decrease observed in the wild-type mice. 

In conclusion, the recent work with humanized mouse models provides insight into the 

notable species differences with respect to peroxisome proliferation and the induction of liver 

tumors from PPARα agonists. The use of humanized PPARα transgenic mouse models suggests 

that the differences could potentially be attributable to differential changes in gene expression. 

Further emphasizing the difference between humans and rodents in the response to peroxisome 

proliferators is that humanized PPARα mice do not develop liver cancer after treatment with the 

PPARα agonist WY-14,643 in contrast to the observations in wild-type mice. These data provide 

further support for the conclusion that the PPARα mode of action for liver tumorigenesis in 

rodents is not relevant to humans.  

c. Empirical Data  

From the foregoing, the most plausible interpretation consistent with the data is that the 

PPARα-mediated functions associated with carcinogenic induction in mice and rats are not 
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expressed in humans. A large body of empirical evidence which is consistent with that view 

supports this assertion.  

In primate in vivo studies, high doses of DINP do not produce liver changes of any kind. 

Hall et al. (1999) administered of 2500 mg/kg/day DINP to marmosets for 13 weeks and reported 

no pathological changes in liver, kidneys or testes. In addition, the Hall et al. study showed that 

DINP treatment did not induce peroxisomal proliferation and had no effects on levels of 

peroxisomal enzymes in marmosets, at levels well above those associated with effects in rats and 

mice. These results were confirmed by Pugh et al. (2000), who performed a 14-day study of 

cynomolgus monkeys in which no liver effects – including no change in hepatic peroxisome -

oxidation, DNA synthesis, or GJIC – were observed from high doses of DEHP and DINP (500 

mg/kg/day).  

Similarly, under in vitro conditions, DINP increased replicative DNA synthesis and 

suppressed apoptosis in rodent hepatocytes but not in human cells (Hasmall et al., 1999). MINP, 

the monoester metabolite of DINP, had no effects on peroxisomal enzyme levels in either human 

or primate hepatocytes in culture (Benford et al., 1986; Kamendulis et al., 2002), nor on GJIC 

(which is associated with peroxisome proliferation) in human hepatocytes and a human liver cell 

line (Baker et al., 1996). 

d. Clinical and Epidemiological Data 

Support for the conclusion that the PPARα mode of action does not operate in humans is 

provided by studies of human beings treated with members of the fibrate family of drugs. 

Fibrates are therapeutic agents which were developed to treat hyperlipidemia and are PPARα 

agonists. Members of this family of pharmaceutical agents have varying degrees of affinity for 

PPARα. Some human data on PPARα agonist effects are available from several clinical trials 

and population case-control studies pertaining to fibrate pharmacotherapy (Benzafibrate 

Infarction Prevention Study Group, 1992, 2000; Canner et al., 1986; Committee of Principal 

Investigators, 1978, 1980, 1984; Coronary Drug Research Group, 1975, 1977; De Faire et al., 

1995; Diabetes Atherosclerosis Intervention Study Investigators, 2001; Freeman et al., 2006; 

Frick et al., 1987, 1997; Huttunen et al., 1994; Keech et al., 2005, 2006; Meade, 2001; Rubins et 

al., 1993, 1999; Tenkanen et al., 2006). These studies examined a range of human responses to 

PPARα agonistic effects including atherosclerosis, cardiovascular disease, serum biomarkers of 

fatty acid metabolism, acute toxicity and organ-specific chronic toxicity including cancer.  

In the Helsinki Heart Study, a total of 4081 men aged 40–55 with elevated serum 

cholesterol were treated with either gemfibrozil or placebo for a 5-year period (Frick et al., 1987; 

Huttunen et al., 1994). Despite a significant lowering of serum lipids which prevented coronary 

heart disease in the gemfibrozil-treated group, no differences in total death rate or liver cancer 

incidence were observed between treatment groups. However, liver cancer incidence was not 

reported as a single endpoint; the incidence was either reported as total deaths from cancer, or 

deaths from liver, gallbladder and intestinal cancers grouped together. No statistically significant 

differences were found for any class of cancers examined following this five year exposure and 

follow-up period (Frick et al., 1987). Importantly, the incidence of cancer mortality in this study, 

for placebo and fibrate-treated patients, was less than 2% for each group, compared to greater 
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than 50% in PPARα agonist-treated rodents (Ashby et al., 1994; Bentley et al., 1993; Lake, 

1995a, 1995b; Reddy and Lalwani, 1983).  

The other randomized clinical trial was conducted over a total of thirteen years by the 

World Health Organization (WHO) to determine whether clofibrate would lower the incidence of 

ischemic heart disease (IHD) in men. It was carried out in 15,745 men with a treatment group 

and two control groups (one high and one low cholesterol level) of about 5000 men each 

(Committee of Principal Investigators, 1978). The average treatment period was 5.3 years and 

follow-up reports were provided 4.3 and 7.9 years after this period. Clofibrate was reported to 

cause a statistically significantly higher age-adjusted total mortality as compared with the high 

cholesterol placebo-treated control groups in this study, due to a 25% increase in non-

cardiovascular causes from diseases of the liver, gall bladder, pancreas and intestines, including 

malignant neoplasms of these sites (Committee of Principal Investigators, 1980). However, in 

the final follow-up study (5.3 years in the treatment phase with 7.9 years follow-up for a total of 

13.2 years), neither the number nor rate of cancer deaths in the clofibrate-treated group was 

statistically different from the control groups (Committee of Principal Investigators, 1984). The 

reason for the difference in mortality at the earlier time point is uncertain. 

Similar to the Helsinki Heart Study, no specific data on the incidence of liver cancer was 

provided for the WHO study. It should be noted that in this final follow-up study there was an 

excess of only 12% deaths from all causes other than IHD, compared with 25% in the earlier 

studies of that cohort. Furthermore, the proportional differences between the treated group and 

the control groups in the final follow-up study was diminished for malignant disease but 

increased for nonmalignant diseases. The results indicate that the excess in deaths from diseases 

other than IHD was largely confined to the clofibrate treatment period (average 5.3 years). 

However, 7.9 years post-treatment, there were 27 deaths associated with liver, gallbladder, or 

intestinal cancers in the clofibrate treated group, compared to 18 and 11 deaths associated with 

the same endpoints in the high cholesterol and low cholesterol control groups, respectively (out 

of about 5000 persons per group). Similar to the Helsinki Heart Study, this incidence is less than 

1% for both control and treatment groups. 

Finally, a limited epidemiological study showed no evidence of increased cancer risk as a 

result of fibrate therapy (Law et al., 1994). (As with the clinical trials, cancer incidence is not 

reported specifically for liver cancer.) If PPARα acts in humans in a similar manner as in 

rodents, it would be expected that there would at least been an effect such as hepatomegaly 

observed in these clinical and epidemiological studies, but it was not.  

Thus, these studies are consistent with the other strong evidence that the PPARα mode of 

action which causes cancer in rodents is not relevant for assessing human cancer hazard from 

PPARα agonists. Despite some limitations in data analysis (i.e., not reporting single-endpoint 

organ data), these studies suggest that chronic administration with PPARα agonists does not 

increase cancer risk in humans.  

These studies add to the weight-of-evidence given by the human and primate data 

discussed above that DINP is unlikely to cause liver tumors in humans.  
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6. Even if DINP Could Cause Peroxisome Proliferation in Humans,  

Human Internal Dose Levels Cannot Reach Carcinogenic Levels 

The foregoing makes clear that the liver tumors observed in rodents treated with DINP 

simply are not relevant to humans. However, even assuming it were possible for DINP to cause 

some peroxisome proliferator response in humans, there is no conceivable scenario under which 

humans could be exposed to sufficient amounts of DINP to cause liver tumors. Because of 

differences between primate and rodent absorption of DINP, internal doses equivalent to those 

required to produce tumors in rodents simply cannot be achieved in humans.  

The ILSI RSI workgroup concluded that, for PPARα agonists in general, taking into 

account kinetic and dynamic factors, the animal mode of action is not plausible in humans 

(Klaunig et al., 2003, pp. 691-693). This is specifically demonstrated by phthalate data on 

differences in absorptive capacity between rodents and primates, which demonstrate that the 

relatively high internal doses associated with effects in rodents cannot be achieved in humans.  

The rodent data indicate that approximately 50% of orally administered DINP is absorbed 

as the corresponding monoester at dose levels up to 500 mg/kg per day (mg/kg/day) (Lington et 

al., 1985; El-Hawari, et al., 1985; 1983). Data from studies of absorption of DEHP in rodents 

indicate that this relationship is preserved at even higher treatment levels (Rhodes et al., 1986). 

Primates, however, respond very differently. Data from studies with DEHP in both the marmoset 

(Rhodes et al., 1986) and cynomolgus monkeys (Astill, 1989) show that, at very high dose levels, 

absorption in the primates is limited and that internal doses do not exceed those measured in rats 

exposed to 150-200 mg/kg/day (which are non-tumorigenic doses). 

Comparative dosimetry studies (Pugh et al., 2000) indicate that DINP is even more 

poorly absorbed by primates than DEHP. Studies with volunteers also indicate that humans 

absorb a much lower fraction of the dose than rodents for doses up to 500 ug/kg (Anderson et al., 

2001).
30

 These data emphasize that consideration of the likely internal dose, based on 

toxicokinetic considerations, is crucial to an evaluation of the potential for toxicological effects 

in humans from DINP exposures. In other words, absorption of phthalates in rodents and humans 

may be similar at very low doses (<100 ug/kg), but at the higher doses, seen to produce 

tumorigenic responses in rodents, humans absorb much less. The data indicate that effects 

produced in rodents by DINP will not occur in humans, because the high internal doses required 

to produce these effects in rodents cannot be achieved in humans due to decreased absorption 

with increasing dose. 

The lowest DINP dose that has been associated with tumor induction is 336 mg/kg/day in 

female mice with effects in other species and sexes occurring at levels ranging from 

approximately 700 to 900 mg/kg/day (Moore, 1998a; b). As stated above, the maximum level 

                                                 

30
  Koch et al. (2005) reported surprisingly high absorption of DEHP in a single human volunteer; 

however, it appears the experimental conditions may have allowed for additional DEHP exposure 

form the environment during the sampling period. To our knowledge, this anomalous result is not 

corroborated by any other publication. The results of the ECPI study (discussed in the cover letter 

to this submission) will provide further data, specifically for DINP as well as DEHP. 
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absorbed by primates corresponds to a rodent level of 150-200 mg/kg, well below the dose 

required to induce tumors in the more sensitive rodents. Thus, the evidence indicates that, 

regardless of the level of exposure, humans could never absorb enough DINP to achieve the 

internal doses associated with liver tumors in rodents. That the doses which can be achieved in 

humans would not pose any concern is indicated by the fact that 2,500 mg/kg/day for 13 weeks 

produced no liver effects whatsoever in marmosets (Hall et al., 1999).  

In summary, there is strong evidence that the PPARα mode of action which is responsible 

for liver tumors in DINP-treated rodents is not operable in humans. However, even if PPARα in 

humans did respond to DINP in a manner similar to rodent PPARα, it simply is not possible for 

humans to achieve sufficient doses of DINP to result in liver tumors. 

7. Expert Body Reviews Have Concluded that the Rodent Liver  

Tumors in DINP Studies Are Not Relevant to Humans       

The CPSC CHAP concluded “that DINP causes liver cancer in rodents by a PPARα-

mediated mechanism that is pronounced in rodents and believed not readily induced in humans, 

especially at doses resulting from current use of consumer products” (CPSC, 2001, p. 122). 

Subsequently, the CPSC staff, using the CHAP report and the report of the ILSI workshop, 

“concluded that DINP, which is a peroxisome proliferator, is not likely to present a cancer risk in 

humans” (CPSC, 2003).  

The ILSI RSI workgroup concluded: 

In summary, the weight-of-evidence overall currently suggests that 

the rodent [mode of action] for liver tumors is not likely to occur in 

humans, taking kinetic and dynamic factors into account. This 

conclusion is based upon evaluation of the existing body of 

evidence and would apply to the consequences of exposure to 

known examples of PPARα agonists.  

(Klaunig et al., 2003, p. 693.) DINP is a known example of a PPARα agonist that was part of the 

basis for the workshop conclusions. Therefore, the conclusion of the ILSI workshop is that the 

liver tumors that occur in rodents treated with DINP are not likely to occur in humans. 

The EU in its risk assessment of DINP stated: 

The current literature suggests that only rats and mice are 

responsive to the carcinogenic effects of peroxisome proliferator, 

while dogs, non-human primates and humans are essentially non-

responsive or refractory. In this way, it should be noted that in 

monkey, following oral administration of DINP for 14 days or 13 

weeks there was no evidence of peroxisome proliferation. This 

indicates that monkeys and subsequently probably humans are far 

less sensitive than rodents to peroxisome proliferation and its 

relative liver effects. It should be noted that recently IARC gave a 

ruling on the carcinogenicity of DEHP and concluded that the 

mechanism (peroxisome proliferation and PPARα activation) by 
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which DEHP increased the incidence of liver tumours in rodents 

was not relevant to humans. (ECB, 2003a, p. 243)  

In its formal review of risks and an assessment of classification, the EU did not identify 

carcinogenicity as a critical endpoint (ECB, 2003a, 2003b) and did not classify DINP as a 

carcinogen (EC, 2000). In the risk assessment summary document, the EU stated that, on the 

basis of the peroxisome proliferation evidence, “there is no concern for a potential carcinogenic 

effect in humans.” (ECB, 2003b, p. 14) 

When USEPA originally proposed to list DINP under EPCRA Section 313 (Fed. Reg. 

2000), the American Chemistry Council requested that several prominent researchers provide 

opinions on the potential human carcinogenicity. Those opinions were provided in comments 

submitted to USEPA in 2001; copies as provided with these comments, as follows: 

 Attachment A is a statement by Ruth Roberts, Ph.D., currently Senior Director of 

Toxicology at Astra Zeneca in the United Kingdom. She holds a Doctorate in Medical 

Oncology and completed a Postdoctoral Fellowship in molecular oncology. Dr. 

Roberts has performed some of the foremost research on the mechanism by which 

peroxisome proliferators cause cancers in rodents and whether that mechanism 

operates in humans. Dr. Roberts concludes: "weight of the evidence supports the 

position that the rodent liver tumors caused by peroxisome proliferators such as DINP 

are not relevant to man since we differ from rodents at the molecular level in our 

response to peroxisome proliferators." 

 Attachment B is a statement by James Klaunig, Ph.D. Dr. Klaunig is Professor and 

Director of Toxicology at the Indiana University School of Medicine and is Director 

of the State Department of Toxicology for the State of Indiana. He holds his 

Doctorate in Experimental Toxicology/Pathology and has done Postdoctoral work in 

pathology. He serves and has served on numerous review committees for government 

agencies, including USEPA, NTP and NIH. Dr. Klaunig has conducted significant 

research on peroxisome proliferation mechanisms and participated in the ILSI RSI 

workshop on peroxisome proliferators. He concludes that the data "provide 

mechanistic evidence that rodent liver tumor induction by DINP is by a peroxisomal 

proliferation process which does not occur in humans or other primates." [Note that 

the “unpublished data” provided with Dr. Klaunig’s statement has now been 

published (Kamendulis et al., 2002).] 

 Attachment C is a cancer risk assessment for DINP by Gary Williams, M.D., and 

Michael Iatropoulos, M.D., Ph.D. Dr. Williams is Professor of Pathology, Director of 

Environmental Pathology and Toxicology, and Head of the Program on Medicine, 

Food and Chemical Safety, at the New York Medical College. Dr. Williams is a 

recognized expert in chemical carcinogenesis; Dr. Iatropoulos is a Research Professor 

of Pathology at New York Medical College and is also an expert in chemical 

carcinogenesis. Drs. Williams and Iatropoulos reviewed the data for DINP with 

respect to liver and kidney tumors and MNCL. They concluded, "the increases in all 

three spontaneously occurring tumors seen with DINP occurred through processes not 
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relevant to humans and at exposures vastly beyond that which would take place with 

product use." 

In summary, numerous independent scientists have evaluated the potential for 

peroxisome proliferators in general or DEHP and DINP in particular to cause cancer in humans. 

The overwhelming scientific consensus is that DINP cannot reasonably be anticipated to cause 

cancer in humans. 

B. Mononuclear Cell Leukemia Observed in Fisher 344 Rats 

Mononuclear call leukemia (MNCL) was observed in the two DINP bioassays conducted 

in Fisher 344 rats, but not in the bioassay conducted in mice (Lington et al., 1997; Moore, 1998a; 

b). MNCL is a lesion that occurs almost exclusively in the F-344 rat and that occurs 

spontaneously in that species. MNCL is discounted by authoritative agencies such as the 

National Toxicology Program (NTP) and the International Agency for Research on Cancer 

(IARC). As described below and in the attached opinion from Dr. Richard Irons (Attachment D), 

a preeminent researcher of leukemogenesis, the use of MNCL as a basis for human health hazard 

assessment is not scientifically supportable. In fact, Dr. Irons notes that a proposal he made to 

the National Institutes of Health (NIH) had been rejected because of the “obvious lack of 

significance of MNCL to human disease.” 

1. MNCL in Fischer Rats Is Generally Disregarded for Human Hazard 

Assessment           _ 

MNCL is a spontaneous tumor which occurs frequently in the F-344 rat and is the most 

common cause of spontaneous death in that strain and species (e.g., Haseman et al., 1998). NTP 

historical control data show that MNCL occurs in 14 to 74 percent of control animals (Haseman 

et al., 1998). Background incidence is seen to be highly variable and has more than doubled 

during the two decades since the Haseman et al. report in 1985. (Thomas et al., 2007). MNCL is 

found at much lower incidence in other rat strains (Iatropoulos, 1983) and has not been reported 

in mice (e.g., Harleman et al., 1994). There may also be differences within strains – the incidence 

of MNCL seems much lower in Japanese F-344 rats than in the F-344 strain historically used by 

the NTP (Whysner et al., 1995). 

The results of DINP chronic studies are consistent with these findings. MNCL was found 

in two studies in the F-344 rat (Lington et al., 1997; Moore, 1998a) but not in the B6C3F1 mouse 

(Moore, 1998b) or, for a non-commercial DINP, the Sprague-Dawley rat (Bio/dynamics, 1986). 

When assessing the significance of changes in MNCL incidence, points to consider 

include: (1) that the factors contributing to a high, variable, spontaneous incidence of MNCL in 

the F-344 rat are unknown; (2) that there are a number of factors which contribute to variability 

in MNCL frequency for unknown reasons – including the use of corn oil as a vehicle (Haseman 

et al., 1985), single vs. group housing (Haseman et al., 1998), splenic toxicity, lifespan, body 

weight and dietary fat (but not dietary restriction) (Elwell et al., 1996); and (3) that treatment 

with genotoxic agents that might logically be expected to increase the incidence of cancer in 

general has either no effect or actually reduce MNCL incidence (Waalkes et al., 1991; Lijinsky 

et al., 1993; Elwell et al., 1996). 
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Many authoritative sources have questioned the relevance of MNCL data for human 

cancer hazard assessment purposes. For example, the NTP, in its review of the carcinogenesis 

data for diallyl phthalate wrote:  

The relatively high and variable spontaneous incidence of 

mononuclear cell leukemia in aged F-344 rats confounds the 

interpretation of this tumor type in dosed animals as evidence of a 

carcinogenic response. That is, statistical evidence of an increased 

occurrence of mononuclear cell leukemia in dosed animals as an 

indication of carcinogenicity may appropriately be regarded with 

less confidence than would similar incidence data for other tumor 

types in the F-344 rat. (NTP, 1984).  

More recently, the NTP has decided to stop use of the F344 strain, in part because of the high 

spontaneous incidence of MNCL is that strain (King-Herbert and Thayer, 2006; NTP BSC, 

2007).  

In a review of tetrachloroethylene, the United Kingdom Health and Safety Executive 

(HSE) noted that MNCL was a common neoplasm that occurred at high and variable frequency 

in the F-344 rat. They did not consider an excess of MNCL as evidence for a carcinogenic 

response even though the frequency exceeded the historical averages of both the NTP and the 

testing laboratory (HSE, 1987). As noted above, NIH rejected a proposal by Dr. Irons because of 

the “obvious lack of significance of MNCL to human disease.” 

The National Research Council has stated, “It is unclear whether [MNCL] is a relevant 

predictor of human leukemias or other adverse health effects” (NRC, 2010, p. 56). With respect 

to tetrachloroethylene, NRC states that “the high backgrounds [of MNCL in F344 rats] make it 

difficult to interpret the biological significance of the increase in the incidence of [MNCL] 

observed in the treatment groups” (NRC, 2010, p. 54). 

In his opinion (Attachment D), Dr. Richard Irons, a pre-eminent researcher in the field of 

leukemogenesis, states, “In my view, MNCL in the F344 rat is not a useful model for the direct 

study of human disease and is certainly not an appropriate endpoint for predicting or 

extrapolating carcinogenic risk in humans,” and “there is no biologic rationale for concluding 

that F-344 MNCL is a relevant surrogate for a comparable disease entity or, independently, any 

disease that has been associated with chemical exposure in humans.”  

A recent review of MNCL (Thomas et al., 2007) suggests that a weight-of-evidence 

approach be taken when statistically identified increases in MNCL occur with exposure. The 

authors propose similarities between F344 MNCL and human NK-LGL leukemia based on 

functional, clinical and morphological characteristics, but emphasize that the mechanisms of 

leukemogenesis may be very different. NRC (2010, p. 56) points out that Thomas et al. note that 

“in contrast with F344 rats, human NK-LGL leukemia is rare, occurs primarily in the young and 

may be associated with Epstein Barr virus (EBV) although no such virus-leukemia is known to 

contribute to the etiology of rat LGLL/[MNCL]” (NRC, 2010, pp. 56-57). 
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Without further research to clarify the leukemic cell of origin and define candidate 

molecular targets, the case for potential human relevance of MNCL remains weak, particularly in 

light of the high, variable spontaneous incidence of MNCL in the Fischer 344 rat – the only 

species in which MNCL was seen in conjunction with DINP administration.  

2. Expert Body Reviews Have Concluded that the MNCL  

in DINP Studies Is Not Relevant to Humans          

The CPSC CHAP concluded:  

The findings of mononuclear cell leukemia and renal tubular 

carcinoma in the rodent bioassay for DINP are of questionable 

relevance to humans. (CPSC, 2001, p. 122).  

The EU Risk Assessment states: 

Regarding MNCL, a clear increase incidence is observed in the 

two studies conducted with Fisher rats (outside the historical range 

of spontaneous leukemia), along with shortening of the onset of 

MNCL. However, MNCL is a common neoplasm in the Fischer 

344 rats and the increased incidence after chronic exposure to 

some substances is likely a strain specific effect with little 

relevance for humans. Of interest, the IARC categorised MNCL as 

“an unclassified leukemia with no known human counterpart” and 

substances which increase MNCL frequency as “not classifiable as 

to carcinogenicity in humans” (IARC, 1990). (ECB, 2003a, p. 

225). 

As noted above, the NIH rejected a proposal by Dr. Irons because of the “obvious lack of 

significance of MNCL to human disease” Dr. Irons reviewed the Lington and Moore data and 

concluded that "specifically with respect to bioassays of di-isononyl phthalate, the dose-

dependent nature of treatment-related MNCL is not impressive, suggesting that the observed 

increases represent a non-specific high dose effect that cannot be meaningfully attributed to a 

carcinogenic event.” (Attachment D).  

Thus, the opinion of several authoritative bodies is that MNCL is not relevant for human 

health assessment. In addition, the CPSC CHAP, the EU and Dr. Irons have specifically found 

that MNCL in the DINP bioassays is not relevant for human health assessment. 

C. Kidney Tumors in Male Rats 

Kidney tumors have been observed in male rats exposed to high doses of DINP (733-885 

mg/kg/day) for two years (Moore, 1998a), but not in female rats and not in mice of either gender 

(Moore, 1998a; b). Male rats are known to be susceptible to formation of kidney tumors through 

a mechanism involving alpha2u-globulin accumulation. Because humans do not produce alpha2u-

globulin, such male rat kidney tumors are not relevant for human health assessment (USEPA, 

1991; Swenberg and Lehman-McKeeman, 1998). The kidney tumors observed in the DINP study 

were malignant tubule cell carcinomas, found in male rats given high dietary doses but not in 
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female rats or in mice of either sex. See Table 4. The tumors found were of a type associated 

with an alpha2u-globulin process and also demonstrated the sex- and species-specific responses 

expected for an alpha2u-globulin process. 

In the DINP study in rats, there was evidence in the male rats of microscopic changes 

characteristic of alpha2u-globulin induction (Moore, 1998a). Subsequent studies have 

demonstrated that all the criteria established by the USEPA and by IARC to verify that a 

carcinogenic response is the consequence of the alpha2u-globulin mechanism are met for DINP 

(Caldwell et al., 1999; Schoonhoven et al., 2001). Attachment E is a letter from Dr. James 

Swenberg who is an expert in the alpha2u-globulin mechanism (he is a co-author of the IARC 

scientific publication on the alpha2u-globulin mechanism) and who has conducted some of the 

research on DINP. As stated by Dr. Swenberg, the data "clearly demonstrate that DINP causes 

[alpha2u-globulin nephropathy]" and that "the data on kidney tumors is not relevant for human 

risk assessment." 

Table 4. 

Incidence of malignant tubule cell carcinomas in rats and mice following chronic dietary 

administration of DINP – number of rats per dose group (mg/kg/day) 

 

 control ~30 ~90 ~400 ~800 recovery * 

male rats 0 0 0 0 2 4 

female rats 0 0 0 0 0 0 

 control ~100 ~300 ~800 ~1600 recovery * 

male mice 0 0 0 0 0 0 

female mice 0 0 0 0 0 0 
* Animals in the recovery group were given the high dose for 18 months and then held without 

  treatment until terminal sacrifice (24 months). 

 

The following discusses in greater detail how the DINP data meet the USEPA and IARC 

alpha2u-globulin mechanism criteria (subsections 1 and 2). It then discusses the fact that expert 

reviews have determined on that basis that the kidney tumors observed in male rats treated with 

DINP are not relevant to humans (subsection 3). 

1. The DINP Data Meet USEPA's Criteria for an Alpha2u-Globulin  

Mechanism          

In 1991 the USEPA reviewed the evidence for alpha2u-globulin accumulation as a 

potential mechanism of renal cancer and its relevance to humans (USEPA, 1991). This review 

culminated in a two part USEPA science policy statement (USEPA, 1991, p. 85): 

(1) Male rat kidney tumors arising as a result of a process 

involving [alpha2u-globulin] accumulation do not contribute to the 

qualitative weight-of-evidence that a chemical poses a human 

carcinogenic hazard. Such tumors are not included in dose-
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response extrapolations for the estimation of human carcinogenic 

risk. 

(2) If a chemical induces [alpha2u-globulin] accumulation in male 

rats, the associated nephropathy is not used as an endpoint for 

determining non-carcinogenic hazard. Estimates of non-

carcinogenic risk are based on other endpoints. 

USEPA also provided guidance for determining whether the alpha2u-globulin process 

could be a factor in renal effects. Each of three factors, set forth in Section XVII-A of USEPA 

(1991, pp. 86-87) must be met. As the following shows, all three factors are met for DINP. 

"(1) Increased number and size of hyaline droplets in renal 

proximal tubule cells of treated male rats 

 

The abnormal accumulation of hyaline droplets in the P2 segment 

of the renal tubule is necessary to attribute the renal tubule tumors 

to the [alpha2u-globulin] sequence of events. This finding helps 

differentiate the [alpha2u-globulin] inducers from chemicals that 

produce renal tubule tumors through other means." (USEPA, 1991, 

p. 86) 

As shown in Caldwell et al. (1999), hyaline droplets were evaluated by 

immunohistochemical staining (a process specific for 2u-g) in male and female rats. Droplets 

were present in male rat kidneys, and both droplet size and area involved were significantly 

increased with dose. Droplets were not present in kidneys from female rats. The accumulation of 

2u-g in male rat kidneys with increasing dose was independently confirmed by a second 

laboratory (Schoonhoven et al., 2001). These data demonstrate the abnormal accumulation of 

hyaline droplets in the renal proximal tubules of treated rats and show also that this does not 

occur in female rats, thus demonstrating the sex specificity of this finding. 

"(2) Accumulating protein in the hyaline droplets is [alpha2u-

globulin] 

 

Hyaline droplet accumulation is a nonspecific response to protein 

overload in the renal tubule and may not be due to [alpha2u-

globulin]. Therefore, it is necessary to demonstrate that [alpha2u-

globulin] accounts for the hyaline droplet accumulation found in 

the male rat." (USEPA, 1991, p. 86) 

As shown above, the evaluation of hyaline droplets utilized immunohistochemistry to 

detect the highly specific binding of a monoclonal antibody to alpha2u-globulin. As documented 

by both Caldwell et al. (1999) and Schoonhoven et al. (2001), the accumulating protein in the 

hyaline droplets is alpha2u-globulin. As stated above, the absence of alpha2u-globulin in kidneys 

from female rats was also demonstrated, confirming the sex specificity of the observation. 
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"(3) Additional aspects of the pathological sequence of lesions 

associated with [alpha2u-globulin] nephropathy are present. 

 

Typical lesions include single cell necrosis, exfoliation of 

epithelial cells into the proximal tubular lumen, formation of 

granular casts, linear mineralization of papillary tubules, and 

tubule hyperplasia. If the response is mild, all of these lesions may 

not be observed; however, some elements consistent with the 

pathological sequence must be demonstrated to be present." 

(USEPA, 1991, pp. 86-87) 

As documented in Caldwell et al. (1999), tubular regeneration and tubular epithelial 

hyperplasia were present in male rat kidneys, predominantly in the P2 segment of the proximal 

tubule of the renal cortex, and increased in a dose-responsive manner. In contrast, tubular 

regeneration was present in only one of the high dose female rats. Mineralization was 

documented in the pathology reports of the chronic studies (Moore, 1998a; b). This also showed 

a strong dose response relationship in the male rat kidneys. Mineralization was present in 

kidneys of some female rats, but did not increase with dose, and was not present in kidneys of 

mice (Table 5). Lington et al. (1997) reported a statistically significant increase in renal epithelial 

cells in the urine. This is the consequence of exfoliation of epithelial cells into the proximal 

tubular lumen. Single cell necrosis and formation of granular casts were not reported, but as 

DINP is clearly a weak inducer of 2u-g, all of the histological changes are not to be expected, 

and the absence of some, as noted by the USEPA, is not inconsistent with an [alpha2u-globulin] 

mediated response. 

 

Table 5. 

Incidence of kidney mineralization following dietary administration of DINP. 

No. affected rats/total no. rats in each dose group (mg/kg/day)  

 

 control ~30 ~90 ~400 ~800 recovery * 

male rats 16/60 14/50 11/50 59/60 57/60 50/50 

female rats 11/60 9/50 4/50 14/50 16/60 10/50 

 control ~100 ~300 ~800 ~1600 recovery * 

male mice NP NP NP NP NP NP 

female mice NP NP NP NP NP NP 

*Animals in the recovery groups were treated with the high dose for 18 months and then 

 held without further treatment until terminal sacrifice (24 months). 

NP – not present. 

 

In a dietary study of DINP in Sprague-Dawley rats at levels of 0.3 and 1.0% for 13 

weeks, tubular regeneration, nephritis, tubular casts and nephrosis were observed primarily in 

male rats and increasing with dose (Bird et al., 1986; Bio/Dynamics, 1982). These lesions are 

consistent with [alpha2u-globulin] pathology and provide further evidence that the 2u-g process 

was operative in causing the kidney tumors in male rats treated with DINP. Additionally, the 
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appearance and extent of these lesions at 13 weeks further differentiate them from those 

associated with chronic progressive nephropathy, providing further evidence they are the 

consequence of an [alpha2u-globulin] mediated process. 

Thus, all three of EPA's obligatory criteria are met for DINP. When this is the case, then 

EPA's guidance states that additional information is reviewed (EPA, 1991, Section XVII-B, pp. 

87-88). Data are available for several of the categories of EPA describes,
31

 as follows: 

(a) Additional biochemical information (including reversible binding of the chemical to 

alpha2u-globulin): As documented by Schoonhoven et al. (2001), reversible binding of 

DINP metabolites to alpha2u-globulin has been demonstrated. 

 

(b) Sustained cell division in the proximal tubule of the male rat: This was documented 

by Caldwell et al. (1999) through the use of immunochemical techniques -- specifically, 

the use of the proliferating-cell nuclear antigen (PCNA) -- and was subsequently 

confirmed by Schoonhoven et al. (2001) through the use of an alternative technique -- 

BrdU labelling. 

 

(c) Genotoxicity (i.e., information on potential genotoxicity in a standard battery of short-

term tests relevant to the evaluation of potential carcinogenicity provides a possible 

means for distinguishing between genotoxic and non-genotoxic processes): As described 

in Section II, DINP is not genotoxic as evidenced by negative results in a number of short 

term tests including Salmonella, mouse lymphoma and micronucleus tests (Barber et al., 

2000; McKee et al., 2000; Zeiger et al., 1985). 

 

(d) Animal bioassay data in other sex-species combinations: As described above, DINP 

produces tubule cell carcinomas in male rats but not in female rats or in mice of either 

sex. This is consistent with the expected pattern of response for an alpha2u-globulin 

mechanism. It also provides indirect evidence that, if there are other toxic processes 

associated with DINP treatment, they do not contribute to kidney cancer as no kidney 

tumors were found except in male rats and under conditions in which alpha2u-globulin 

was increased.  

 

EPA's guidance summarizes the evaluation of the three "must have" factors, plus 

additional evidence, as follows: 

Confidence in determining which of the three categories [i.e., 

compounds producing renal tumors in male rats attributable solely 

to chemically induced alpha2u-globulin accumulation; compounds 

producing renal tubule tumors that are not linked to alpha2u-

globulin accumulation; compounds producing some renal tubule 

tumors in male rats attributable to the alpha2u-globulin process and 

                                                 

31
  Data for all categories of additional information listed by USEPA are not required. As USEPA 

states: "the information may not always be available; nor should this list be considered 

exhaustive." (USEPA, 1991, p. 87). 
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some attributable to other carcinogenic processes] applies depends 

on the comprehensiveness and consistency of the available data. If 

all the data (two species, two sex combination bioassay, all 

elements in XVII-A [the 3 specific findings described above], and 

additional information such as that described in XVII-B [including 

points a-d above]) are consistent with a role for chemically induced 

[alpha2u-globulin], there is a high degree of confidence that the 

[alpha2u-globulin] syndrome alone accounts for the renal tubule 

tumors. (USEPA. 1991, p.88) 

Application of this reasoning to the DINP data shows a high degree of confidence that the 

alpha2u-globulin syndrome alone accounts for the renal tubule tumors observed in male rats 

treated with DINP. As documented above, there is a two-species, two-sex bioassay that provides 

data consistent with the alpha2u-globulin process, i.e., malignant tubule cell tumors in kidneys of 

male rats but not female rats or mice (Moore, 1998a and b). The three required criteria (Section 

XVII-A) are met: there is evidence of hyaline droplet accumulation, a demonstration that the 

accumulating protein in the hyaline droplets is alpha2u-globulin and histopathological evidence 

consistent with an alpha2u-globulin process. There is also additional information as described in 

section XVII-B that is consistent with a role for chemically-induced alpha2u-globulin. No data for 

DINP are inconsistent with an alpha2u-globulin process. Thus, under USEPA's guidance, an 

alpha2u-globulin mediated process is the most plausible mechanism for kidney tumor induction, 

the male rat kidney tumors should be attributed to an alpha2u-globulin process and neither those 

tumors nor any associated renal toxicity should be used for human health hazard identification. 

2. The DINP Data Meet the IARC Criteria for an Alpha2u-Globulin 

Mechanism            

A review of the significance of alpha2u-globulin induction to human health was 

conducted in 1997 by the International Agency for Research on Cancer (IARC) (Swenberg and 

Lehman-McKeeman, 1998). An expert panel reviewed the evidence for alpha2u-globulin as a 

mechanism for renal-cell neoplasms and concluded that this mechanism was operative only in 

male rats and had no clinical significance for humans. The panel further determined that kidney 

tumors in male rats which are the consequence of an alpha2u-globulin-mediated process should 

not be used in an assessment of human carcinogenic hazard. Finally, the IARC panel defined a 

set of criteria, similar to those established by the USEPA, which could be used to determine 

whether a substance acts via an alpha2u-process (Swenberg and Lehman-McKeeman, 1998). 

The IARC criteria, and how the DINP compare to those criteria, are as follows: 

(a) Lack of genotoxic activity (agent and/or metabolite) based on an overall evaluation of 

in-vitro and in-vivo data. As described in Section II of these comments, DINP has 

been tested in a number of in vivo and intro tests for genotoxic activity and all have 

produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 

1985).  

 

(b) Male rat specificity for nephropathy and renal tumorigenicity. As shown in Table 4 

(above), the renal tumors were in male rats; there were none in female rats or in mice 
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of either sex. The male rat specificity for an alpha2u-globulin nephropathy is 

documented in Caldwell et al. (1999). Thus the male rat specificity for both 

nephropathy and renal tumorigenicity has been documented. 

 

(c) Induction of the characteristic sequence of histopathological changes in shorter-term 

studies of which protein droplet accumulation is obligatory. As described above, 

protein droplet accumulation is documented in Caldwell et al. (1999) along with 

evidence that the protein which is being accumulated is alpha2u-globulin. Other 

aspects of characteristic pathology – including tubular regeneration and tubular 

hypertrophy in male but not female rat kidney – are also documented in Caldwell et 

al. (1999). Evidence of mineralization of renal tubules is documented in Moore 

(1998a). 

 

(d) Identification of the protein accumulating in tubular cells as alpha2u-globulin. This 

was documented by Caldwell et al. (1999) and confirmed by Schoonhoven et al. 

(2001). 

 

(e) Reversible binding of the chemical or metabolite to alpha2u-globulin. This is 

documented in Schoonhoven et al. (2001). See also Attachment E. 

 

(f) Induction of sustained increased cell proliferation in the renal cortex . This was 

documented in Caldwell et al. (1999) and confirmed by Schoonhoven et al. (2001) by 

a different technique. 

 

(g) Similarities in dose-response relationship of the tumor outcome with the 

histopathological end-points (protein droplets, alpha2u-globulin accumulation, cell 

proliferation). Kidney tumors were found only after dietary administration of DINP at 

a level of 1.2% (733 mg/kg/day in the male rats). As documented in Caldwell et al. 

(1999), protein droplets and alpha2u-globulin accumulation were significantly 

elevated in comparison to control values at 0.6% (307 mg/kg/day) but not at lower 

levels (307 mg/kg/day was the highest dose used in the Caldwell et al. study). As 

shown by Caldwell et al. (1999), cell proliferation was elevated at 0.6% in the diet, 

but was not significantly different from controls. Schoonhoven et al. (2001) reported 

a doubling in cell proliferation in animals given 900 mg/kg. Thus it is evident that 

significant effects in the critical parameters are found at doses approximating the 

tumorigenic levels. 

 

Thus, DINP meets all of the IARC criteria, showing that the male rat kidney tumors 

associated with DINP treatment are the result of an alpha2u-globulin-mediated process and are 

not relevant to humans. 

3. Expert Body Reviews Have Concluded that DINP Data Meet  

the Criteria for an Alpha2u-Globulin Mechanism    

Reviewing bodies have agreed the DINP data meet the criteria for an alpha2u-globulin-

mediated process and have therefore found that kidney tumors seen in male rats treated with 

DINP are not relevant for human cancer hazard assessment. 
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The CPSC CHAP report states: 

Male rat specificity in tumor response, lack of genotoxicity, 

histopathology findings of cytotoxicity and regeneration, α2μ-

globulin accumulation, and demonstrated cell proliferation 

strongly support the criteria for demonstrating α2μ-globulin 

mechanism (IARC, 1998). Therefore, the renal tumors in male rats 

at the high dose of DINP are assumed to be rat specific and are not 

used to predict human cancer risk. (CPSC, 2001, p. 91) 

The EU risk assessment states: “Pertaining to kidney tumours, the species and sex-

specific alpha 2u globulin mechanism likely responsible for kidney tumours seen in male rats is 

not regarded as relevant to humans.” (ECB, 2003a, p. 223; ECB, 2003b, p. 14) 

D. Testicular Dysgenesis Syndrome 

On March 5, 2009, OEHHA announced that the Carcinogen Identification Committee 

(CIC) would provide advice to OEHHA regarding prioritization of 38 chemical for preparation 

of hazard identification materials.
32

 With that notice, OEHHA made available its summary of 

scientific information on DINP.
33

 Under the header “Mechanisms”, that summary lists 

“Testicular dysgenesis syndrome” (TDS), citing to Borch et al. (2004). However, there are no 

reported studies that have linked exposure to DINP with TDS or testicular cancer in humans. The 

data base for DINP does not otherwise provide a basis for associating DINP with the 

hypothetical TDS mechanism or with testicular cancer.  

Skakkebaek et al. (2001) first coined the term testicular dysgenesis syndrome (TDS), 

hypothesizing that abnormal spermatogenesis, cryptorchidism (undescended testicles), penile 

malformations such as hypospadias and incidences of testicular cancer observed in humans had a 

common etiology. The hypothesis states that these clinical problems may result from an 

irreversible developmental disorder occurring early in fetal life consequential to either a genetic 

predisposition and/or environmental insult(s). Currently, no biological mechanism is defined for 

TDS, but it is theorized that abnormal spermatogenesis and testicular cancer may be the result of 

disturbed Sertoli cell function, while hypospadias and cryptorchidism may result from decreased 

Leydig cell function (Wohlfahrt-Veje et al., 2009).   

Several rigorous scientific reviews of DINP, including those of the National Toxicology 

Program (NTP) Center for the Evaluation of Risks to Human Reproduction (CERHR) (NTP 

CERHR, 2000), the Consumer Product Safety Commission (CPSC) Chronic Hazard Advisory 

Panel (CHAP) for DINP (CPSC, 2001) and the European Union Risk Assessment for DINP 

(ECB, 2003a, b), clearly indicate that exposure to DINP does not induce the symptoms of TDS 

in humans or laboratory animals. In all of the reproductive toxicity, developmental toxicity and 

                                                 

32
  Prioritization: Chemicals for Consultation by the Carcinogen Identification Committee, 3/5/09, 

www.oehha.org/prop65/CRNR_notices/state_listing/prioritization_notices/prior030509.html. 

33
  Diisononyl Phthalate (DINP), 

http://www.oehha.org/prop65/CRNR_notices/state_listing/prioritization_notices/pdf/DINP.pdf 
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chronic carcinogenicity studies performed with commercial DINP, no symptoms of TDS, 

including hypospadias, cryptorchidism, or testicular cancer have been reported. These studies are 

briefly summarized below.   

In the chronic 2-year carcinogenicity studies in F344 rats, reported by Moore (1998a) 

(daily exposure to 0, 500, 1500, 6000, or 12000 ppm) and Lington et al. (1997) (daily exposure 

to 0, 300, 3000, or 6000 ppm), benign testicular interstitial cell tumors were found in nearly all 

animals – both controls and those treated chronically with DINP. F344 rats normally display a 

high incidence of testicular tumors, and the incidences of treated animals in these studies were 

within the historical control range. Therefore, these studies do not indicate that commercial 

DINP causes testicular cancer. 

A 2-year carcinogenicity study was conducted in Sprague Dawley rats treated with a 

form of DINP (Santicizer 900, CASRN 71549-78-5) that was never commercially produced 

(Bio/dynamics, 1986). The rats were exposed daily to 0, 500, 5000, or 10000 ppm of the test 

substance. The high dose males (the only exposure group examined histopathologically) had an 

increased incidence of testicular interstitial cell hyperplasia. A slightly higher incidence of 

interstitial cell tumors (1%) was also observed in the testes of the high dose males in comparison 

to their concurrent control animals (0%). However, the incidence was lower than that of the 

historical controls (9.8%). Therefore these findings have questionable toxicological significance. 

Further, this study has low reliability as a basis for assessing commercial DINP, as it was 

performed with a DINP mixture that was not well defined and never commercially produced.   

In a two generation reproduction and developmental toxicity study, P1 males and females 

received test material (0.2, 0.4, or 0.8% in the diet) daily for at least ten weeks prior to mating 

and during the mating period (Waterman et al., 2000). Additionally, P1 female animals received 

test material during the gestation and postpartum periods, until weaning of the F1 offspring on 

post natal day (PND) 21. P2(F1) males were dosed from PND 21 for at least 10 weeks prior to 

mating and through the mating period for F2 litters, until sacrificed following delivery of their 

last litter sired. P2(F1) females were dosed from PND 21 for at least 10 weeks prior to mating, 

during mating, gestation, lactation and until they were sacrificed following weaning of the F2 

animals on PND 21. There were no statistically significant differences in male mating, male 

fertility, female fertility, female fecundity or female gestational indices in P1 generation. A slight 

decrease, not statistically significant, of male mating, male fertility, female fertility and female 

fecundity indices was observed in P2 generation. Mean days of gestation of the P1/P2 treated and 

control animals were essentially equivalent. There were no adverse testicular effects reported for 

either the P1 or P2 generation, and there were no signs of TDS-related effects.  

In a one-generation reproductive and developmental toxicity study (Exxon Biomedical 

Sciences, 1996), rats were administered 0.5, 1, or 1.5% DINP from 10 weeks prior to mating, 

through gestation and ending on PND 21. Pertaining to P1 male organ toxicity, there was a 

statistically significant increase in the mean absolute and relative right testis weight, left testis 

and right epididymis weights and the mean relative left epididymis and seminal vesicle weights 

in the high-dose males compared with controls. It was not determined if any structural changes 

occurred in reproductive organs at any dose level; microscopic evaluation was not performed on 

any organs in both sexes. Thus significance of organ weight changes could not be assessed 

because of the limitation of the study. However, there were no statistically significant differences 
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in male mating, male fertility, female fertility, female fecundity, or female gestational indices 

between treated and control animals. There were no instances of testicular tumors. 

It has also been proposed that suppression of fetal androgen production and/or increased 

estrogen exposure might underlie the occurrence of TDS with respect to certain phthalates 

(Sharpe, 2003). However, the data for DINP are inconsistent with respect to anti-androgenic 

effects in young male rats. Two studies, which used an unrealistically high dose of DINP – 750 

mg/kg/day, administered by gavage, resulted in a questionably significant increase in 

malformation of the male reproductive tract (Gray et al., 2000) or decreased testosterone in male 

rats (Borch et al., 2004). In contrast, no anti-androgenic effects were observed in male offspring 

of pregnant rats exposed to higher levels of DINP in the diet (Masutomi et al., 2003) or in any of 

the previously mentioned reproductive toxicity, developmental toxicity and chronic 

carcinogenicity studies performed with commercial DINP; summarized below. 

The study conducted by Gray et al. (2000) shows a low incidence of effects without any 

dose response and with effects of unclear significance. As infants, male rats were exposed to a 

single 750 mg/kg dose of DINP between gestation day 14 and post natal day 3. The authors 

reported males displaying retained areolas (22% reported as statistically significant). No other 

single endpoint (nipple retention, epididymal agenesis, fluid filled testes and testes weight) on its 

own was significantly different from control values. However, the authors pooled all observed 

effects to produce the 7.7% adverse incidence reported in the study. Only by pooling different 

effects was statistical significance demonstrated. This type of data manipulation is not routinely 

performed in toxicological safety evaluations, nor is it considered good statistical practice. It 

should also be noted that Gray et al. (2000) did not observe any effects on anogenital distance or 

on reduction of testosterone levels in the blood with DINP treated animals. Based on the above 

points it is unclear whether adverse effects have been found for DINP in this study or not. 

Importantly, there were no instances of hypospadias or cryptorchidism reported in the study.  

Likewise, the paper by Borch et al. (2004) does not present data demonstrating DINP 

induces TDS and should not be considered as evidence for a mechanism of toxicity. In this 

report, 32 pregnant female rats were exposed to either 300 mg/kg-bw DEHP or 750 mg/kg-bw 

DINP, alone or in combination, from gestation day 7 to gestation day 21. The dams were 

sacrificed on gestation day 21 and the pups were harvested for analysis of testicular testosterone 

production, testicular testosterone content, plasma testosterone levels and plasma luteinizing 

hormone (LH) levels. The results indicate that testicular testosterone production and testicular 

testosterone content were significantly decreased in the DINP exposed pups while plasma 

testosterone and plasma LH levels were unaltered. However, no mechanism of toxicity can be 

determined from this paper since it is limited by several confounding factors. First, the dose was 

administered via a single oral gavage exposure each day of testing. This method of 

administration can result in the overwhelming of normal detoxifying processes which can lead to 

overt toxicity. Second, there were no adverse phenotypic effects such as testicular malformations 

reported in the study. Therefore it is unclear if the decrease in testosterone content is in fact a 

toxicologically significant response. Third, while DEHP and DINP individually appeared to 

induce a decrease in testosterone content, there was no indication of a modulating effect of DINP 

on DEHP when co-administered. Finally, the authors sampled testosterone levels on gestation 

day 21, a time point after the developmental surge of testosterone that occurs during gestation 
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day 16-18 in the rat. After gestation day 18, plasma testosterone levels are naturally declining in 

the fetal rat.  

As stated by the CERHR expert panel (NTP CERHR, 2000): 

 

Reproductive performance and histological effects on gonads and accessory sex organs 

were assessed in one- and two-generation dietary studies. Parental doses of up to 0.8% 

in feed (665–779 [M] and 696–802[F] mg/kg bw/day) did not affect fertility or sex organ 

histology in either the F0 or F1 male or female pups. A 13-week gavage study in adult 

marmosets resulted in no evidence of microscopic testicular changes at doses that did 

adversely affect body weight gain (2,500 mg/kg bw/day). Testicular lesions were not 

observed in prepubertal cynomolgus monkeys that were gavaged for 2 weeks with 500 

mg/kg bw/day, reportedly the maximum dose that can be absorbed by the monkeys. 

Chronic 2-year studies in rats and mice gave no gross or histologic evidence of effects on 

testes or ovaries at doses that did cause liver and kidney effects and other clinical signs 

of toxicity. Thus, the data are sufficient to conclude that neither the reproductive organs 

nor fertility are affected by extended oral exposure to DINP. 

 

In summary, there is no reliable evidence that commercial DINP induces testicular cancer 

in laboratory animals or humans, nor that the hypothetical TDS mechanism applies to DINP.  

 

V. EXPERT BODY REVIEWS OF DINP HUMAN CANCER POTENTIAL 

DINP has not been listed as a carcinogen, nor even considered for listing, by the 

International Agency for Research on Cancer (IARC) or the National Toxicology Program 

(NTP).
34

 That being said, DINP has been the subject of other rigorous scientific reviews, which 

have concluded DINP is unlikely to pose a cancer risk to humans. 

 A Chronic Hazard Advisory Panel (CHAP) of the Consumer Product Safety Commission 

(CPSC), consisting of seven independent experts, held three public meetings in the year 

2000 to evaluate the toxicological data for DINP. The CHAP's report was published in 

2001 (CPSC, 2001; see also Babich et al., 2004). The CHAP concluded that: the criteria 

for the alpha2u-globulin mechanism were met and therefore the kidney tumors observed 

in male rats are rat-specific; the MNCL observed in Fisher 344 rats treated with DINP is 

of questionable significance due to its high and variable background and possible strain 

specificity; and the liver tumors in rodents are not relevant for human risk assessment 

because, even if DINP could activate the PPARα mechanism in humans, the dose that 

would be required to do so is far in excess of any reasonably anticipated human 

exposures (CPSC, 2001).  

 

                                                 

34
  The Natural Resources Defense Council has nominated DINP for consideration by IARC (IARC, 

2008), but to date IARC has not scheduled DINP for consideration (IARC, 2010). 
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 In 2003 a workgroup of the International Life Sciences Institute (ILSI) Risk Science 

Institute reviewed the relationship of peroxisome proliferation and liver tumors in 

rodents, publishing its results as Klaunig et al. (2003). This effort was to update the 1995 

ILSI workshop on peroxisome proliferation and rodent tumors, reported by Cattley et al. 

(1998). DINP was one of the peroxisome proliferators used to develop the workgroup’s 

conclusion that the rodent mode of action for liver tumors from such compounds is not 

relevant to humans. 

 

 The European Union (EU) has conducted a very thorough risk assessment of DINP, with 

input from governmental scientists throughout Europe (ECB 2003a; 2003b). The EU risk 

assessment concluded that the liver tumors observed in rodents are due to a peroxisome 

proliferation process that is not relevant to humans, the kidney tumors in male rats were 

due to an alpha2u-globulin process that is not relevant to humans and the MNCL was a 

strain-specific effect not relevant to humans (ECB, 2003a, Section 4.1.2.8). On the basis 

of its review, the EU has concluded that there is no basis to expect human risk of cancer, 

reproductive or developmental, or any other health effect from exposure to DINP. 

Accordingly, the EU also has determined that DINP should not be classified or labeled 

for human health effects, including no cancer designation (EC, 2000).  

 

These consensus opinions support the conclusion that DINP is highly unlikely to cause 

cancer in humans. 

ExxonMobil notes that, while the U.S. Environmental Protection Agency (USEPA) has 

reviewed the data for DINP, it has not made a final determination regarding the carcinogenicity 

of DINP. USEPA undertook its review in response to a petition to list DINP under Section 313 

of the Emergency Planning and Community Right-to-Know Act (EPCRA). OEHHA has 

provided to the CIC a 2000 Federal Register notice in which USEPA proposed to list DINP in 

part based on the animal cancer data (Fed. Reg., 2000). However, after receipt of comments, 

USEPA published a revised notice on June 14, 2005, in which it reserved judgment on the 

potential for DINP to cause cancer in humans (Fed. Reg., 2005). USEPA accepted further 

comments and to date has not issued a final decision. 

 

CONCLUSION 

 

For the reasons presented, ExxonMobil believes the data support the conclusion that the 

cancer findings in rodent bioassays of DINP are not relevant to humans. Further, primate data 

indicates that primates are refractory to DINP. Therefore, ExxonMobil respectfully submits that 

DINP should not be listed under Proposition 65 as a carcinogen.  
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Mode of action framework analysis for receptor-mediated toxicity:
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as a case study
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Abstract

Several therapeutic agents and industrial chemicals induce liver tumors in rodents through the
activation of the peroxisome proliferator-activated receptor alpha (PPARa). The cellular and
molecular events by which PPARa activators induce rodent hepatocarcinogenesis has been
extensively studied and elucidated. This review summarizes the weight of evidence relevant to
the hypothesized mode of action (MOA) for PPARa activator-induced rodent hepatocarcino-
genesis and identifies gaps in our knowledge of this MOA. Chemical-specific and mechanistic
data support concordance of temporal and dose–response relationships for the key events
associated with many PPARa activators including a phthalate ester plasticizer di(2-ethylhexyl)
phthalate (DEHP) and the drug gemfibrozil. While biologically plausible in humans, the
hypothesized key events in the rodent MOA, for PPARa activators, are unlikely to induce liver
tumors in humans because of toxicodynamic and biological differences in responses. This
conclusion is based on minimal or no effects observed on growth pathways, hepatocellular
proliferation and liver tumors in humans and/or species (including hamsters, guinea pigs and
cynomolgous monkeys) that are more appropriate human surrogates than mice and rats at
overlapping dose levels. Overall, the panel concluded that significant quantitative differences in
PPARa activator-induced effects related to liver cancer formation exist between rodents and
humans. On the basis of these quantitative differences, most of the workgroup felt that the
rodent MOA is ‘‘not relevant to humans’’ with the remaining members concluding that the
MOA is ‘‘unlikely to be relevant to humans’’. The two groups differed in their level of confidence
based on perceived limitations of the quantitative and mechanistic knowledge of the species
differences, which for some panel members strongly supports but cannot preclude the absence
of effects under unlikely exposure scenarios.
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Introduction

In the 1970s, a number of published reports linked treatment of

rodents with a variety of structurally diverse chemicals to

increased number and size of peroxisomes (peroxisome

proliferation) and hepatocarcinogenesis (Rao & Reddy,

1996). These compounds were termed ‘‘peroxisome prolifer-

ators’’ because of their unique effects on this organelle in the

liver. Peroxisomes are subcellular organelles found in almost

all eukaryotic cells involved in (among many functions) long

chain fatty acid catabolism through b-oxidation (de Duve,

1996). In responsive species, peroxisomes proliferate (increase

in number and/or size) following exposure to physiological and

metabolic stressors, particularly those that perturb fatty acid

homeostasis. Pharmaceutical and industrial chemicals induce

peroxisome proliferation in the rodent liver; these include

several experimental and marketed pharmaceutical agents (e.g.

WY-14643 (WY), gemfibrozil, fenofibrate, bezafibrate and

ciprofibrate) and environmentally-relevant compounds such as

phthalate ester plasticizers or their metabolites [di(2-

ethylhexyl)phthalate (DEHP)], pesticides (2,4-dichlorophe-

noxyacetic acid), solvents (perchloroethylene, trichloroethyl-

ene) and other industrial chemicals [perfluorooctanoic acid

(PFOA)] (Klaunig et al., 2003). Chronic exposure of rats and

mice to peroxisome proliferators is not only linked to increased

occurrence of hepatic tumors but to several hepatic adaptive

responses, including hepatocellular hypertrophy and hyperpla-

sia, changes in apoptosis rates, Kupffer cell activation and

oxidative stress (Corton, 2010). In addition to liver tumors,

many PPARa activators also induce testicular Leydig cell

tumors and pancreatic acinar cell tumors (known as the ‘‘tumor

triad’’) in rats but not mice (summarized in Klaunig et al.,

2003). For the pancreatic and testicular tumors seen in rats with

PPARa activators, little progress has been made to refine the

proposed modes of action (MOAs) beyond the original

proposal in Klaunig et al. (2003) and applied to PFOA

(Klaunig et al., 2012).

The seminal discovery of the PPARa gene and encoded

protein led to the finding that many chemicals, despite their

structural diversity, mediate effects through PPARa
(Issemann & Green, 1990). PPARa belongs to the nuclear

receptor superfamily that includes the steroid hormone and

retinoic acid receptors. Members of the PPAR subfamily of

receptors include PPARa, PPARb/d and PPARg, which

possess different tissue distributions, expression patterns

during development, ligand specificity and biological func-

tions. Metabolically active tissues, including the liver, kidney,

brown fat and heart, express PPARa and exhibit pleiotropic

responses to peroxisome proliferators. Much of what we know

about PPARa function has been facilitated by the use of a

unique mouse model that lacks a functional PPARa (the

Ppara-null mouse) (Lee et al., 1995). Many of the short-term

and chronic effects of peroxisome proliferators are PPARa-
dependent, including regulation of genes involved in lipid

metabolism, peroxisome proliferation, hepatomegaly, alter-

ation in hepatocyte fate, and liver tumor induction, because

these effects are not found in Ppara-null treated with PPARa
activators (Corton, 2010).

PPARa modulates gene expression in a manner similar to

other nuclear receptors. A commonly described static mech-

anism is that in the absence of an activator, PPARa
heterodimerizes with another nuclear receptor family

member, retinoid X receptor (RXR), the receptor for 9-cis

retinoic acid. The PPARa-RXR heterodimer binds to response

elements called peroxisome proliferator response elements

(PPREs), usually found in the promoter or enhancer regions

of genes regulated by PPARa. The consensus sequence for

a PPRE consists of 50-AACT AGGTCA A AGGTCA-30

(or variant), with PPARa occupying the 50 position. Agonist
binding to PPARa leads to dissociation of co-repressors and

recruitment of the transcriptional machinery (Escher & Wahli,

2000) leading to increases in transcription of target genes

that contain PPREs (Gottlicher et al., 1992) (Figure 1). While

a static description of nuclear receptor-mediated transcription

is commonly described in the literature, it is becoming

increasingly clear that nuclear receptors actually regulate

gene expression through dynamic and sometimes transient

interactions with chromatin rather than through static
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complexes occupying chromatin (Biddie & Hager, 2009;

Biddie et al., 2010; Hager & Varticovski, 2012; McNally

et al., 2000). Thus, like other nuclear receptors, PPARa likely

regulates gene expression dynamically and is influenced by

many factors including the expression level of PPARa in

the cell, the presence or absence of endogenous/exogenous

ligands and the availability of chromatin for receptor binding,

which by itself is under constant dynamic regulation.

In this review, the traditional term ‘‘peroxisome prolifer-

ator’’ has been replaced with ‘‘PPARa activator’’ to denote

the central role PPARa plays in mediating the pleiotropic

effects of exposure as peroxisome proliferation is only one of

the pleiotropic effects. ‘‘Activator’’ is used in place of the

more commonly used ‘‘agonist’’ as very few compounds have

been assayed for direct binding to PPARa. Thus, PPARa
activators are those chemicals or their proximate metabolites

that interact directly or indirectly with PPARa. Although it is

assumed that most chemicals likely act as classical agonists,

there is evidence that other chemicals may either require

metabolic activation (e.g. DEHP) or activate PPARa second-

ary to increases in the availability of natural ligands through

perturbation of lipid homeostasis (Luebker et al., 2002 and

discussed in greater detail below).

Activation of PPARa does occur in humans and is the basis

for the beneficial pharmacological effects of hypolipidemic

fibrates. However, PPARa-mediated gene activation in

humans and non-human primates produces only a subset of

responses observed in mice and rats. While PPARa activation

can occur in humans as it does in mice and rats, there is no

evidence that human PPARa regulates genes involved in cell

growth. Reinforcing this difference is that the human PPARa
expressed in Ppara-null mice (PPARa ‘‘humanized’’ mice)

does not regulate genes associated with increases in hepato-

cyte proliferation. However, like rodent PPARa, the human

PPARa regulates genes involved in lipid homeostasis in

human primary hepatocytes (Rakhshandehroo et al., 2009)

and in PPARa humanized mice (Cheung et al., 2004;

Morimura et al., 2006; Yang et al., 2008).

A previously published consensus for a hypothesized MOA

proposed a series of key events that must occur for PPARa
activators to increase the incidence of hepatocellular aden-

omas and carcinomas in mice and rats (Klaunig et al., 2003).

In this hypothesized MOA, PPARa activators activate PPARa
(event 1), which then regulates the transcription of genes

involved in peroxisome proliferation, cell cycle/apoptosis and

non-peroxisomal lipid metabolism (events 2a, 2b and 2c,

respectively), leading to changes in peroxisome proliferation

(event 3a) and cell proliferation and apoptosis (event 3b).

Additional steps in the hypothesized MOA included alter-

ation in gap junction intercellular communication (event 4),

increases in oxidative stress (event 5) and activation of

Kupffer cells (event 6). In the MOA, suppression of apoptosis

coupled with a stimulation of cell proliferation allows

DNA-damaged cells to persist and proliferate, giving rise to

preneoplastic foci and ultimately to tumors via further clonal

expansion (event 7).

These events were categorized as either being required for

tumor formation (causal events) or occurring but not

Figure 1. Mechanism of PPARa transcriptional regulation. The static
view of transcription by PPARa is that following ligand (L) activation,
PPARa undergoes a conformational change leading to dissociation of
co-repressors and heterodimerization with RXR. RXR is also competing
with its endogenous ligand, 9-cis retinoic acid (9-RA), which can
also influence PPARa-dependent transcription through synergistic
effects. Co-activators are recruited to the ligand bound PPARa/RXR
heterodimer, which binds to peroxisome proliferator response elements
(PPREs) of target genes. The histone acetyl transferase activity of the
co-activators causes acetylation of histones and remodeling of chromatin
that allows for RNA polymerase to transcribe the target gene mRNA.
mRNAs are translated into proteins leading to biological effects,
including increased lipid catabolism. PPARa can also down-regulate
expression of additional genes by interacting with other transcription
factors (e.g. AP1, NF-kB). This static depiction does not accurately
reflect the dynamic nature of nuclear receptor-mediated transcription.
Nuclear receptors, including PPARa, are constantly competing with
a variety of endogenous and exogenous ligands for equilibrium.
Expression levels of PPARa, RXR and other receptors within different
tissues can influence the dynamics of this equilibrium. The binding
and interactions between nuclear receptors including PPARa and
others with chromatin is also influenced by the availability of
chromatin containing binding sites. This is dynamically regulated by
many factors including transcriptional machinery recruited to chromatin
in response to ligand binding (as shown in the figure), but also by
other transcription factors interacting with nuclear receptors including
co-activators and/or co-repressors allowing for and/or preventing,
receptor binding to chromatin. This may or may not be due in part to
effects induced by the presence of endogenous ligands. These types
of dynamic interactions explains in part how receptors constitutively
modulate gene expression. The complexity and dynamic nature of
nuclear receptor-mediated transcription is only recently beginning to be
understood.
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necessarily being causally linked to the MOA (associated

events). The causal key events were identified as PPARa
activation (event 1), transcription of genes involved in cell

cycle/apoptosis (event 2b), changes in cell proliferation and

apoptosis (event 3b) and clonal expansion (event 7). The

remaining events were considered to be associated events,

including expression of peroxisomal genes (event 2a),

peroxisome proliferation (event 3a), non-peroxisomal lipid

metabolism gene expression (event 2c), gap junctional

intercellular communication (event 4), increases in oxidative

stress (event 5) and activation of Kupffer cells (event 6).

Since the original publication of this MOA, a number of

papers have contributed information that supports this MOA

(reviewed in Corton, 2010). In particular, studies examining

receptor activation, PPARa-dependent mechanisms of hepa-

tocellular proliferation and PPARa humanized mouse

models have made significant contributions. It should be

noted that the MOA as laid out in the Klaunig et al. (2003)

review for PPARa activators and di(2-ethylhexyl) phthalate

(DEHP) has been questioned (Guyton et al., 2009; Melnick

et al., 2003), based in part on more recent studies employing

PPARa-null and PPARa humanized mice.

The purpose of the present review is to describe the state

of the science on the rodent MOA of liver tumor induction

and human relevance by PPARa activators. Previous reviews

have examined mechanistic details of the MOA and human

relevance (Corton, 2010; Klaunig et al., 2003; Peters et al.,

2005; Rusyn et al., 2006). Recently reported studies using

genetically engineered mice as well as more detailed under-

standing of the molecular processes involved in both hepatic

cancer induction and activation of PPARa warranted a

re-evaluation of the proposed MOA for PPARa activators.

Moreover, in the context of the overarching goals of the

workshop, the PPARa MOA was one of three receptors

examined to evaluate the applications of and potential

refinements to, current iterations of MOA, human relevance

and dose–response assessment frameworks when applied to

chemicals for which much is known about their underlying

molecular toxicology (Andersen et al., in press).

Methods

Panel members

The PPARa case study panel members (Table 1) were selected

by the steering committee to provide a multidisciplinary

perspective on the MOA for PPARa-induced liver tumors and

human relevance. The panel included members with expertise

in the following areas: relevance of rodent liver tumor induc-

tion, PPARa biology, toxicology of liver carcinogens, MOA

analysis, risk assessment and receptor-mediated biology.

Efforts were made to include members offering a diversity of

views regarding the strength of the MOA as published in the

Klaunig et al. (2003) review. The panel consisted of members

from academia, government, industry and consulting groups. It

should be noted that panel members shared their own scientific

opinions and not those of the agencies or organizations with

which they were affiliated.

Literature identification and selection process

The existing literature on the tumorigenic MOA and mech-

anism of PPARa activation is extensive. To provide a

manageable approach for the data evaluation at a 2-day

expert workshop, literature identification and selection

focused on the most relevant data sources. An extensive

literature base exists on roles of PPAR subtypes in normal

homeostasis and pathology, the pharmacological and toxico-

logical effects of PPARa activators and induction of multiple

tumor types in mice and rats by PPARa activators. For the

purpose of defining and selecting the most relevant database

of literature related to PPARa liver effects, specifically

hepatic carcinogenesis, the PPARa MOA review panel

identified comprehensive reviews of PPARa MOAs as well

as key peer reviewed publications related to the involvement

of PPARa in chemical toxicity and pathology, especially

those published after the comprehensive Klaunig et al. (2003)

review.

In contrast to the Klaunig et al. (2003) review, the panel

restricted its focus to the MOA of PPARa-related liver cancer

in part because the etiology of the other two tumor types of

the peroxisome proliferator ‘‘tumor triad’’ seen in the rat

(testicular Leydig cell tumors and pancreatic acinar cell

tumors) remains unclear. An initial set of references supplied

by the co-chairs of the subgroup was supplemented by further

references suggested by individual expert panel members.

The bibliography of key references was shared among panel

members through a website portal. The scope of the literature

review has ensured that identified references were relevant to

the overall charge of the workshop (hepatic carcinogenesis

and MOA analysis of PPARa).

Table 1. PPARa case study panel members and affiliations.

Participant names Affiliations

Co-Chairs Chris Corton, PhD U.S. EPA
James Klaunig, PhD, ATS, IATP Indiana University

Rapporteurs Lisa Kamendulis, PhD Indiana University
Christopher Lau, PhD (LEAD) U.S. EPA
Randy Frame, DVM, Ph.D. Dupont

Panel Members John Butenhoff, PhD, CIH, DABT 3M Company
Michael Cunningham, PhD, ATS, DABT NIEHS-NTP
Tim Hummer, PhD, DABT U.S. FDA-CDER
Bette Meek, PhD University of Ottawa
Jeffrey Peters, PhD Penn State University
James Popp, PhD, DVM, ATS, DACVP Stratoxon LLC
Lorenz Rhomberg, PhD Gradient
Jennifer Seed, PhD U.S. EPA-OCSPP
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Of particular importance was the identification of studies

with information on dose-dependent effects in the liver.

Literature on mechanistic approaches and early molecular

responses was of interest to help define the early key events of

the potential MOA of the PPARa activators. At the workshop,

additional references were identified and included in the

portal. Those studies that were deemed pertinent to the charge

of developing the MOA for PPARa activators were selected

for review and inclusion in this manuscript. Also considered

were recent reviews and commentaries (Guyton et al., 2009;

Melnick et al., 2003) arguing weaknesses in the MOA as

described in Klaunig et al. (2003), thus allowing for a full

spectrum of opinions of the MOA to be considered. Major

issues that were raised in Melnick et al. (2003) and Guyton

et al. (2009) included the induction of liver tumors in Ppara-
null mice by DEHP (Ito et al., 2007) and the induction of

hepatocyte proliferation in the absence of liver tumor

induction in Ppara-VP16 transgenic mice (Yang et al., 2007).

Mode of action (MOA) frameworks

The revised US EPA cancer risk assessment guidelines (US

EPA, 2005) encourage the use of mechanistic data in MOA

analysis for risk assessment of potential human carcinogens.

Several organizations have been involved in the development

and evolution of a framework to perform a MOA/Human

Relevance (HR) analysis both for cancer and non-cancer

endpoints (Boobis et al., 2006, 2008, 2009; Meek et al., 2003;

Seed et al., 2005). The framework is helpful in increasing

transparency concerning weight of evidence of hypothesized

MOAs, their qualitative and quantitative relevance to humans,

implications for dose response and critical data gaps.

The MOA is defined as a biologically plausible sequence

of key events, starting with interaction of an agent with a cell,

proceeding through operational and anatomical changes and

resulting in an observed effect, supported by robust experi-

mental observations and mechanistic data. It describes key

cytological and biochemical events – i.e. those that are both

measurable and necessary for the observed effect (Sonich-

Mullin et al., 2001). A key event is ‘‘an empirically

observable precursor step that is itself a necessary element

of the MOA or is a biologically-based marker for such an

element’’ (US EPA, 2005). The analysis of the MOA for

cancer determines the linkage between a postulated key event

and the formation of the tumor with respect to: (1) strength,

consistency and specificity of the association, (2) temporal

relationships between the key events and the end point

(tumors), (3) the dose–response aspects of the key events,

biological plausibility and coherence of the key events, and

(4) evaluation of possible alternative MOAs (Boobis et al.,

2006, 2008; Cohen et al., 2003, 2004; Julien et al., 2009;

Meek, 2008; Meek et al., 2003; Seed et al., 2005).

Prior to the workshop the Steering Committee agreed to

unified definitions for key events, associated events and

modulating factors and identified the data evaluation frame-

works to be applied for the MOA evaluation so that each of

the receptor panels used the same criteria for these events.

These processes are defined in Table 2 and discussed in

detail in the first manuscript in this series (Andersen et al.,

2013).

Despite the fact that the definition of a key event includes

measurability, direct evidence of a key event is not always

possible, especially in humans. In such instances, as in the

case of PPARa, associated events provide indirect biomarkers

of specific key events, even though associated events may not

be necessary or sufficient for the apical event to occur.

Notwithstanding the argument that all biological measure-

ments of interim biomarkers are indirect, it is nonetheless

useful to classify some biological measures as more directly

related to the specific key events than others. Relevant

associated events for PPARa activation include activation of

full-length or chimeric PPARa such as the GAL4 DNA

binding domain linked to the PPARa ligand binding domain

and changes in PPARa-dependent gene transcription and

molecular events that may be inextricably linked to the

alterations in apoptosis and cell proliferation.

Traditionally in MOA/HR frameworks, the need for a

human risk assessment for an identified effect is determined

through the use of a decision tree consisting of three questions

as a basis to increase transparency in consideration of relative

weight of evidence, critical datagaps and associated uncer-

tainties. The first question asks if the weight of evidence

is sufficient to establish a MOA in animals. If the answer is

‘‘no’’, then risk assessment for the relevant effect is

performed based on the fact that human relevance cannot be

discounted. If the answer is ‘‘yes’’, then the second question

of the framework asks whether there are qualitative differ-

ences in the fundamental biology of animal models and

humans such that under no circumstances of dose or

individual sensitivity will the animal response be expected

to occur in people. Answering ‘‘yes’’ to the second question

leads to the conclusion that the MOA is not relevant in

humans and that further human risk assessment for the

identified effect is not necessary. If the answer to the second

question is ‘‘no’’ then the third question asks whether

quantitative differences, such as variations in toxicokinetics

or toxicodynamics, result in human-sensitivity that is so much

less, the occurrence of the identified effect is precluded or

Table 2. Definitions of key events and related biological processes.

Key event An empirically observable causal precursor step to the adverse outcome that is itself a necessary element of the MOA.
Key events are required events for the MOA, but often are not sufficient to induce the adverse outcome in the absence
of other key events.

Associative event Biological processes that are themselves not causal necessary key events for the MOA, but are reliable indicators or markers
for key events. Associative events can often be used as surrogate markers for a key event in a MOA evaluation or as
indictors of exposure to a xenobiotic that has stimulated the molecular initiating event or a key event.

Modulating factor There are many factors or biological responses that are not necessary to induce the adverse outcome, but could modulate the
dose–response behavior or probability of inducing one or more key events or the adverse outcome. Such biological factors
are considered modulating factors.
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likely to be precluded in humans. Answering ‘‘yes’’ to the

third question may or may not require additional risk

assessment for the identified effect depending on the overall

confidence in the magnitude of the quantitative difference.

If the totality of the available data indicates that a significant

quantitative difference exists but important data gaps

remain, specific circumstances under which the hypothesized

MOA may be operative in humans or appropriate additional

studies to address relevant uncertainties should be identified.

These include, for example, those addressing aspects such

as dose receptor activation potency, or heterogeneity of

individual sensitivity.

PPARa case study panel procedures

Several conference calls with panel members were conducted

prior to the face-to-face meeting of the group. These calls

involved setting the agenda for the meeting, identifying

literature and reports that addressed specific aspects of the

MOA, as well as defining those data appropriate to use for

dose–response analysis. In addition, questions were provided

to the PPARa panel from the steering committee using a web-

based sharing site to allow members of the panel to exchange

pertinent manuscripts and other documents. These questions

were crafted to allow for a similar approach by the three

receptor panels (Table 3). The panel also discussed the

selection of PPARa-activating compounds to use for analysis

of the MOA of liver tumors and for evaluation of human

relevance. Of particular importance was that the compound

should have a robust set of studies that includes multiple

doses, time points and endpoints. A number of compounds

were evaluated for potential to induce responses linked to the

MOA. Information about 10 compounds was compiled as

these have the largest database of effects in the liver.

Prior to the face-to-face meeting of the panel, three

hypothesized MOAs for PPARa activators were proposed and

provided as straw men to each panel member for comment

and review (Table 4). At the workshop each of these three

proposed MOAs was presented by a panel member and

discussed by the panel overall. Since the three straw men

MOAs shared several key events, discussion was initiated to

resolve the differences and similarities of the three proposed

MOAs. After presentations of the three variations of the

MOA, extensive discussion focused on the strengths and

weaknesses of the proposed key events in each of the

proposed MOAs.

Data sets considered for analysis of dose-dependent
effects

A number of data sets were considered in modeling efforts

of PPARa MOA key events. Only compounds having robust

databases – that is, having studies with three or more doses

and with measurements or observations of either key events,

modulating factors or associated events were considered as

candidates. The panel selected DEHP and gemfibrozil from

the 10 chemicals considered as PPARa activators in rats and

mice (Tables 5 and 6, respectively). Studies in which cancer

incidence could be compared to the other endpoints in the

same study were given priority. After careful consideration,

the most appropriate data sets for DEHP were those using

male F344 rats examining hepatocyte proliferation at 2 weeks

(Isenberg et al., 2000) and liver-to-body weight ratios,

peroxisomal b-oxidation and liver tumors throughout a 2-

year study (David et al., 1999). For gemfibrozil, data from

a 13-week study in F344 male rats were evaluated because

of the number of doses and appropriate endpoints measured

(Cunningham et al., 2010). Contour surfaces were generated

in MATLAB using the TriScatteredInterp interpolating

function.

Results

The results of the workshop review below reflect discussions

and analyses of the panel. The summary statements for each

of the discussion questions are presented in Table 3. The data

and analyses supporting these conclusions are described in

this section.

Substantial scientific research on the role of PPARa in

rodent hepatocarcinogenesis forms the basis for the series

of key events that describes the MOA. Although the precise

detailed mechanism for the formation of liver tumors by

PPARa activators has not been established, key events for the

MOA leading to rodent hepatocarcinogenesis were identified

by the panel. These include activation of PPARa, alteration in

cell growth pathways, perturbation of hepatocyte growth and

selective clonal expansion (Figure 2). Associated events that

are observed with PPARa activation and liver tumor forma-

tion and that are reliable markers of PPARa activation

include increased expression of lipid-metabolizing enzymes

(e.g. acyl-CoA oxidase) and decreased levels of circulating

triglycerides (hypolipidemic effects).

Events that have the potential to influence key events are

considered modulating factors. A modulating factor can

initiate within the hepatocytes themselves or be derived

from other cell types, which in turn affects the key events

occurring in the hepatocytes. The liver consists of the hepatic

parenchymal (hepatocytes) and non-parenchymal cells

(NPCs) including sinusoidal endothelial cells, Ito cells and

hepatic macrophages (Kupffer cells). Kupffer cells can be

‘‘activated’’ by some liver toxicants leading to release of

cytokines and other signaling molecules such as reactive

oxygen species (Roberts et al., 2007). There is evidence that

the Kupffer cells play important roles in responses to PPARa
activators and participate in the key events which lead to liver

tumors. Although the rodent PPARa MOA is presented as a

linear set of key events, some of the key events are likely

modulated by other cellular and tissue processes including

increases in oxidative stress, NF-kB activation and gap

junctional intercellular communication, many of which are

affected by Kupffer cell activation. Therefore, cellular

processes influenced by Kupffer cells are listed as modulating

factors rather than Kupffer cell activation itself.

Description of the key events in the PPARa MOA

Key event #1 – PPAR� activation

The activation of PPARa was agreed as the initiating key

event in the PPARa MOA that leads to the cascade of key

events culminating in liver cancer. Chemical-specific data

show excellent correlations among PPARa activation, the
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key events in the MOA and liver cancer (see Tables 5 and 6

for examples of 10 PPARa activators in rats and/or mice).

There is considerable evidence that PPARa activation is a

causative key event in the PPARa-activator MOA for liver

tumor induction. (1) PPARa activation occurs upon exposure

to PPARa activators in trans-activation assays (summarized

in Corton et al., 2000; Klaunig et al., 2003). (2) The potency

of PPARa activation is roughly proportional to the potency of

Table 3. Primary charge questions and concluding comments from the PPARa case study panel rapporteur report.

Discussion questions (Q) and panel overall conclusions (A) for each

MOA for PPARa activators in Rodent Liver Cancer

Q1.What is the Mode of Action (MOA) for PPARa-mediated rodent liver tumors for a model activator as evaluated by the IPCS Framework for Human
Relevance and the modified Hill Criteria applied to MOA (IPCS and EPA MOA Framework)?

A1. See Figure 2 (MOA)

Q2. Which events are key (causal)?

A2. For PPARa activators there are 4 key events that lead to increases in hepatocellular adenomas and carcinomas:

1. Activation of PPARa
2. Alteration in cell growth pathways

3. Perturbation of cell growth and survival

4. Selective clonal expansion of preneoplastic foci

Q3. Which events are associative?

A3.

� Regulation of genes involved in lipid metabolism. No plausible MOA links altered expression of lipid-metabolizing genes and PPARa agonist-
induced liver cancer

� Peroxisome proliferation

Q4. Is there an amount of ligand that would be insufficient for sustained activation of PPARa?
A4. There is evidence from multiple studies that mice and rats given low doses of PPARa activators exhibit no evidence of PPARa activation. In each

case, a piece of liver tissue or primary hepatocytes were evaluated. Thus, cell level activation cannot be determined in these studies.

Q5. Which events are modulating factors? (Are there key events that are not mediated via PPARa activation?)

A5. See Figure 2 (MOA)

� Inhibition of gap junction intercellular communication

� Increase in oxidative stress

� NF-kB activation

� There are no key events not mediated by PPARa activation.

Q6. What is the human relevance of this MOA following the ILSI and IPCS Framework?

A6. Comparing the key events of this MOA to humans (and nonhuman primates), the panel concluded that this MOA is plausible in humans but
unlikely to occur for PPARa activators such as DEHP. However, some panel members thought that there still exists the possibility that very potent
human PPARa activators induce key events in the human liver.

Dose-Response

Q7. Are the existing data sufficient to determine the dose-response relationships for these potential key events? Is the existing description of
mathematical and statistical models for characterizing these key events complete?

A7. A number of datasets exist that could be used for dose-response modeling including those examined by the panel (DEHP and gemfibrozil). In
general the doses at which key or associative events are activated by a compound are at or below those that cause increases in liver tumors.

The existing mathematical and statistical models characterizing the key events are not complete.

Q8. Is the existing description of concentration/dose-response data for these key events sufficient for dose-response modeling? If not, what are the key
data gaps?

A8. Yes, for some compounds. However for most PPARa activators dose-response information is available only for associated events related to PPARa
activation and liver tumor induction. Usually liver tumor induction data does not include enough dose levels where modeling could be successful.

Q9. Does the current understanding of the data best support a threshold or non-threshold dose-response approach for nuclear receptor-mediated
secondary key events?

A9. A threshold dose-response approach is supported by the data examined by the panel.

Q10. On theoretical or practical grounds, is there an amount of ligand that would be insufficient to cause these key events?

A10. Yes

Outcome

Q11. Does knowledge of MOA and dose-response determine the appropriate model for either precursor events or apical outcomes? If not, what are the
key data gaps?

A11. Data gaps include:

� The lack of molecular linkage of PPARa activation with cell proliferation to support differences between rodents and humans.

� The strength of the conclusion that the MOA is not plausible in humans rests on several studies of a causal key event and associative events.
However, dynamic and kinetic factors contribute to this decision.

� There are not sufficient quantitative data to support hepatocyte proliferation in non-rodent species.

� There are not sufficient quantitative data to support preneoplastic hepatic foci in non-rodent species.

� There is no epidemiologic evidence that PPARa activators cause human liver tumors in uninjured liver.

� Molecular linkage of PPARa activation with cell proliferation (in addition to miRNA let7c) to support differences between rodents and humans.

� Clarification of the Ito et al. findings with appropriate DEHP doses, better diet control to eliminate uncertainties.

� More quantitative data to support differences between rodents and humans.

� An epidemiological study examining the chronic effects of PPARa activator hypolipidemic drug exposure for times longer than the longest time
examined in previous inconclusive studies.

Q = Discussion questions; A = PPARa case study panel remarks, conclusions and referenced figures.
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the chemical as an inducer of liver tumor response

(summarized in Klaunig et al., 2003). (3) Importantly, the

majority of studies using Ppara-null mice do not show

hepatocyte-specific changes associated with hepatocarcino-

genesis (discussed in this review). Numerous studies compar-

ing effects in wild-type and Ppara-null mice have

demonstrated that PPARa activators require PPARa to

induce a liver response, including changes in gene expression,

increases in liver-to-body weight ratios, suppression of

apoptosis and induction of cell proliferation (Table 7). Such

evidence acquired in experimental models designed to test for

the necessity of key events is weighted heavily in MOA

analyses.

Using global gene expression profiling, alteration of gene

expression by WY-14 643 (WY) was almost completely

abolished in Ppara-null mice at multiple time points

(Anderson et al., 2004a,b; Corton et al., 2004; Rosen et al.,

2008a,b; Woods et al., 2007c). Another hypolipidemic agent

(fenofibrate) was also shown to require PPARa for most of the

gene expression changes (Lu et al., 2011). Two perfluorinated

compounds (PFOA and PFOS) as well as DEHP have been

examined by microarrays in wild-type and Ppara-null mice

and results indicate the majority of genes are regulated in a

PPARa-dependent manner (Ren et al., 2009, 2010; Rosen

et al., 2008a,b, 2010). The genes that are dependent on

PPARa are those involved in all aspects of PPARa action

including those regulating and intimately involved in the cell

cycle.

Increases in hepatocyte proliferation were shown to be

PPARa-dependent. A number of compounds have been

examined, including WY, diisononyl phthalate and trichloro-

ethylene. In each case, wild-type but not the Ppara-null mice

showed increases in hepatocyte proliferation (Laughter et al.,

2004; Peters et al., 1998; Valles et al., 2003). Suppression of

apoptosis occurred in hepatocytes isolated from wild-type but

not from Ppara-null mice (Hasmall et al., 2000a). Chronic

treatment with WY or bezafibrate produced hepatocellular

neoplasia in 100% of wild-type mice but did not significantly

increase the number of liver neoplasms in Ppara-null mice

(Hays et al., 2005; Peters et al., 1997). These two studies

provide strong support for the causal role of PPARa
activation in the rodent carcinogenesis of PPARa activators.

The role of PPARa in rodent liver tumor induction has

been challenged by the observation of increases in liver tumor

induction in Ppara-null mice by DEHP. In this study, wild-

type and Ppara-null mice were exposed to relatively low

doses (0.01% or 0.05%) of DEHP in the diet for 22 months

(Ito et al., 2007). The authors claimed that the incidence of

liver tumors was higher in Ppara-null mice exposed to 0.05%

DEHP (25.8%) than in similarly exposed wild-type mice

(10.0%), suggesting the existence of pathways for DEHP-

induced hepatic tumorigenesis that are independent of

PPARa. This study has been cited to suggest that PPARa
activation is not part of the currently defined MOA for

PPARa activators (Guyton et al., 2009).

A number of points can be made to counter the argument

that the Ito et al. (2007) study provides proof to discount the

PPARa MOA as described by Klaunig et al. (2003). Firstly,

the authors in the Ito et al. (2007) study combined different

types of liver tumors in their analysis (hepatocellular

adenomas, carcinomas and cholangiocellular carcinomas), a

non-standard method of summarizing tumor response

(Thoolen et al., 2010), leaving open the possibility that the

increase in hepatocellular tumors reported in the Ppara-null
mice was actually not statistically significant. Secondly, there

is strong evidence that the tumors in Ppara-null mice arose

through a mechanism that is different from the one that

produces liver tumors in wild-type mice. DEHP-treated wild-

type and Ppara-null mice did not exhibit equivalent levels of

tumor induction. There was no statistically significant

increase in any type of liver tumor in wild-type mice under

these exposure conditions, indicating the biological effects of

exposure were not equivalent in wild-type and Ppara-null
mice. Additionally, growth control genes were altered in

Ppara-null mice but not in wild-type mice at equivalent

doses. Our panel agreed that although DEHP may induce

marginal increases in liver tumors in Ppara-null mice, the

MOA (at this point unknown) is likely different from that in

wild-type mice. PPARa-independent mechanisms for DEHP

induced liver tumors are discussed below.

There are a few examples where PPARa activation does

not consistently lead to liver cancer, consistent with the

necessity but not necessarily sufficiency of key events.

Trichloroacetate (TCA), one of the primary metabolites of

the solvent trichloroethylene, activates mouse and rat PPARa
in trans-activation assays. However, mice but not rats exposed

to high concentrations of TCA in the drinking water develop

liver tumors (summarized in Corton, 2008). A number of

factors could explain why some compounds activate PPARa
in in vitro test systems but in vivo exposures do not lead to

Table 4. Strawmen of PPARa mode of action key events.

Proposed mode of action of rodent liver tumors of PPARa activators

Strawman 1: taken from Corton (2010) Strawman 2 Strawman 3: (taken from Klaunig et al., 2003)

KE #1 PPARa activation PPARa activation PPARa activation
KE #2 Increases in oxidative stress Altered expression of genes involved

in cell growth
a. Expression of peroxisomal genes
b. PPARa mediated expression of cell cycle,

growth and apoptosis
c. Non-peroxisomal lipid gene expression

KE #3 NF-kB activation Increased cell proliferation/decreased
apoptosis

Increase in cell proliferation

KE #4 Increased cell proliferation/decreased
apoptosis

Selective clonal expansion of preneo-
plastic foci cells

Clonal expansion of preneoplastic foci

KE #5 Increases in preneoplastic foci cells Liver tumors Liver tumors
KE #6 Liver tumors
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Table 5. Occurrence of key events in the mode of action after exposure to PPARa agonists in rats.

Key events

KE#1 KE #3 KE#4

PPARa
activation

Perturbation of cell
growth and survival

Clonal
expansion of

preneoplastic foci
Modulating factors

Apical
end point

Chemical

Increases
in transient
acute cell

proliferation

Decreases
in acute
apoptosis

Increases in
chronic cell
proliferation

Oxidative
stress

NF-kB
activation

Alterations
in gap

junctions
Hepatic
tumors

WY-14,643 þ1 þ2 þ3 þ4 þ5 þ7 þ9 þ53 þ6

–8

DEHP þ10 þ11 þ12 þ/–13 þ14 þ50 þ14

–15

Clofibrate þ16 þ17 þ18 þ20 þ19

–21

Nafenopin þ22 þ6 þ23 þ24 þ25 þ27 –29 þ52 þ26

þ/–6 –28

Ciprofibrate þ22 þ30 þ31 þ32 þ34 þ35 þ33

Methyl clofenapate þ36 þ37 þ38 þ39 þ39

–40

Gemfibrozil (CI-718) þ22 þ57 –41 þ42 þ43 þ/–41

Di-n-butyl phthalate –10 þ44 þ43

Trichloroacetate þ/-55 þ54 –45

Perfluorooctanoate þ56 þ46 þ48 þ51 þ47

–49

Comments: In the table, (þ) indicates that the chemical was found to lead to the event; (–) indicates that the chemical was found not to lead to the event;
(þ/–) indicates mixed results. PPARa activation was measured using transactivation assays. NF-kB activation refers to binding of NF-kB (p65:p50
heterodimer) to the NF-kB response element in electrophoretic mobility shift assays. Acute cell proliferation was measured in the livers of treated
mice, usually with seven days or less of exposure. Apoptosis was mostly measured in primary hepatocytes, given the low background in intact livers.
However, three studies have measured apoptosis in rodent livers after exposure to a PPARa agonist (Bursch et al., 1984; James et al., 1998a; Youssef
et al., 2003). Chronic cell proliferation was measured in the livers of rats exposed to PPARa agonists, usually for more than three weeks.

References:
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2. Wada et al., 1992; Marsman et al., 1988, 1992; Lake et al., 1993
3. Youssef et al., 2003
4. Wada et al., 1992; Marsman et al., 1988, 1992; Lake et al., 1993
5. Marsman & Popp, 1994; Rose et al., 1999b
6. Lake et al., 1993
7. Fischer et al., 2002; Wada et al., 1992; Marsman et al., 1992; Conway et al., 1989; Reddy et al., 1982; Rao et al., 1982; Goel et al., 1986; O’Brien
et al., 2001b

8. Soliman et al., 1997; Fischer et al., 2002
9. Rusyn et al., 2000; Rusyn et al., 1998; Tharappel et al., 2001; Fischer et al., 2002
10. Corton & Lapinskas, 2005
11. Marsman et al., 1988; Smith-Oliver & Butterworth, 1987; Isenberg et al., 2000; Hasmall et al., 2000b; Soames et al., 1999; Busser & Lutz, 1987;
Hasmall & Roberts, 2000

12. Hasmall et al., 2000b
13. Cattley et al., 1987; Marsman et al., 1988
14. Conway et al., 1989; Cattley et al., 1987; Rao et al., 1987; Lake et al., 1987; Hinton et al., 1986; Seo et al., 2004; Isenberg et al., 2001; Thottassery
et al., 1992; Kluwe et al., 1982, 1985

15. Conway et al., 1989; Tomaszewski et al., 1990; Seo et al., 2004
16. Gottlicher et al., 1992
17. Marsman et al., 1992; Tanaka et al., 1992; Barrass et al., 1993; Busser & Lutz, 1987; Amacher et al., 1997
18. Marsman et al., 1992
19. Reddy & Qureshi, 1979; Svoboda & Arzarnoff, 1979
20. Reddy et al., 1982; Lake et al., 1987; Stanko et al., 1995; Elliott & Elcombe, 1987
21. Marsman et al., 1992; Tomaszewski et al., 1990
22. Corton et al., 2000
23. James & Roberts, 1996; Bursch et al., 1984
24. Price et al., 1992
25. Schulte-Hermann et al., 1981
26. Lake et al., 1993; Reddy & Rao, 1977; Abdellatif et al., 1990
27. Reddy et al., 1982; Lake et al., 1989a; Tomaszewski et al., 1990
28. Huber et al., 1991; Huber et al., 1997
29. Menegazzi et al., 1997; Ohmura et al., 1996
30. Yeldandi et al., 1989; Chen et al., 1994
31. Yeldandi et al., 1989
32. Chen et al., 1994
33. Rao et al., 1986
34. Rao et al., 1991; Goel et al., 1986
35. Calfee-Mason et al., 2004; Li et al., 1996
36. Barrass et al., 1993; Styles et al., 1988; Hasmall & Roberts, 2000
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liver cancer. In general, weak PPARa activators (compounds

that minimally induce markers of PPARa activation in vivo,

which include TCA) would not necessarily be predicted to

increase liver tumor incidence because weak activation of

PPARa does not always lead to induction of liver tumors (see

discussion on contribution of background levels of PPARa
activation to liver tumors). Likewise, after exposure to

equivalent levels of TCA in drinking water, palmitoyl-CoA

oxidase (PCO) is elevated in the susceptible (mice) but not the

resistant (rat) species (summarized in Corton, 2008), indicat-

ing that PPARa is not activated in the rat at TCA exposure

levels that activate PPARa in mice. This species difference in

response could be in part due to differences in metabolism

of TCA between susceptible and non-susceptible rodents that

would lead to differences in tissue chemical concentration

(Corton, 2008).

Overall, our panel agreed that the data overwhelmingly

support the conclusion that sustained PPARa activation is a

pivotal key event in the MOA for PPARa activators.

Key event #2 – alteration in cell growth pathways

Extensive work has been carried out to identify the mechan-

istic events that lead to alterations in cell growth by PPARa
activators. Early studies focused on the regulation of

individual genes known to be involved in the response to

growth-promoting stimuli (e.g. genes involved in growth

stimulated by partial hepatectomy or by classical tumor

promoters such as phenobarbital). More recent studies have

capitalized on technological advancements by assessing

global changes in gene expression using microarrays or

assessing the role of individual genes/pathways in mice using

transgenic technologies.

Early studies focused mainly on those growth factors that

were known to be derived from the Kupffer cell. Activated

non-parenchymal cells (NPCs), particularly Kupffer cells,

produce and secrete cytokines such as tumor necrosis factor a
(TNFa), interleukin-1a (IL-1a) and interleukin-1b (IL-1b)
that affect hepatocyte fate. TNFa increases proliferation and

decreases apoptosis in cultured rodent hepatocytes (Holden

et al., 2000; Rolfe et al., 1997). Furthermore, hepatocyte

proliferation can be prevented in vivo by pretreatment with

antibodies to either TNFa (Bojes et al., 1997; Rolfe et al.,

1997) or TNFa receptor 1 (TNFR1) (West et al., 1999).

The level of TNFa mRNA was shown to more than double in

response to PPARa activators (Bojes et al., 1997; Rolfe et al.,

1997); however, increases in TNFa were not always observed

in animals acutely treated (Anderson et al., 2001; Holden

et al., 2000). In addition to increasing TNFa expression, there

is some support for PPARa activators raising the level of

TNFa by bioactivation or releasing existing protein from

Kupffer cells (Holden et al., 2000).

Contrary to studies linking TNFa to the proliferative

response of hepatocytes upon PPARa-activator exposure,

Tnfa-null and TNFa receptor-null mice given PPARa activa-

tors exhibit no differences compared to wild-type mice in

their proliferative response (Anderson et al., 2001; Givler

et al., 2000; Lawrence et al., 2001b), suggesting that TNFa
may in fact not be involved in the cell proliferation response

to PPARa activators in vivo. However, there remains the

possibility that the loss of TNFa signaling can be compen-

sated for by other genes/pathways, including other cytokine-

mediated pathways. For example, multiple growth modulators

secreted by Kupffer cells have been suggested to play a role

in hepatocyte proliferation after DEN exposure (Maeda et al.,

2005). Thus, these studies with various nullizygous mice

do not necessarily refute the role TNFa may play in PPARa
activator-induced cell proliferation.

Recent global analysis of the microRNA (miRNA)

expression patterns after WY exposure have led to the

discovery of a signaling pathway that culminates in increased

expression of the c-Myc growth regulatory gene thought to be

central to the hepatoproliferative response (Shah et al., 2007).

In these studies, miRNA expression profiling demonstrated

that activated PPARa was a regulator of hepatic expression

of let-7C, a miRNA regulating cell growth. In the absence

of exposure, let-7C was shown to target and down-regulate

the expression of the c-Myc gene. Following acute or chronic

treatment with WY in wild-type mice, let-7C was down-

regulated, leading to increased expression of the c-Myc gene.

These molecular events did not occur in Ppara-null mice.

Over-expression of let-7C by itself decreased c-Myc expres-

sion and suppressed the growth of Hepa-1 cells, a mouse

in vitro model of hepatocyte growth. These studies reveal

a PPARa-dependent let-7C signaling cascade critical for

PPARa activator-induced liver proliferation. It should be

noted that other PPARa activators were not tested in these

studies making it difficult to determine the general role of the

let-7C-dependent pathway in the PPARa MOA.

There are a number of other growth signaling pathways

that may be involved in PPARa activator-induced growth

responses, but overall, the data supporting their role are

usually confined to gene expression data, sometimes derived

from gene array studies (e.g. Anderson et al., 2004a,b;

Currie et al., 2005; Woods et al., 2007a). Downstream of

these signaling pathways, the components of the cell cycle

machinery such as Cdk-1, Cdk-4, Cyclin D1 mRNA, CDK-1,

CDK-2, CDK-4 and PCNA proteins were increased in wild-

type but not Ppara-null mice fed WY (Peters et al., 1998).

Although extensive research has been carried out examining

the potential role of cell proliferation genes in PPARa
activator-induced response, there is little mechanistic data

Table 5 footnotes continued
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41. Fitzgerald et al., 1981
42. O’Brien et al., 2001b
43. Tharappel et al., 2001
44. Marsman, 1995; Seo et al., 2004; O’Brien et al., 2001b
45. DeAngelo et al., 1989; DeAngelo et al., 1997
46. Thottassery et al., 1992; Alsarra et al., 2006
47. Abdellatif et al., 1990; Abdellatif et al., 1991; Biegel et al., 2001
48. Cai et al., 1995; Kawashima et al., 1994
49. Handler et al., 1992; Kawashima et al., 1994
50. Isenberg et al., 2000
51. Upham et al., 1998
52. Elcock et al., 1998
53. Mally & Chipman, 2002
54. Klaunig et al., 1989
55. Corton, 2004
56. Amacher et al., 1997
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Table 6. Occurrence of key events in the mode of action after exposure to PPARa agonists in mice.

Key events

KE#1 KE #3 KE#4

PPARa
activation

Perturbation of cell
growth and survival

Clonal
expansion of

preneoplastic foci
Modulating factors

Apical
endpoint

Chemical

Increases in
transient
acute cell

proliferation

Decreases
in acute
apoptosis

Increases in
chronic cell
proliferation

Oxidative
stress

NF-kB
activation

Alterations
in gap

junctions
Hepatic
tumors

WY-14,643 þ1 þ39 þ41 þ40 þ2 þ37 þ33

DEHP þ3 þ4 þ42 þ5 þ28 þ34

Clofibrate þ6 þ7 þ8 –30

–9

Nafenopin þ10 þ11 þ12 þ32

Ciprofibrate þ13 þ14 þ15 þ29

Methyl clofenapate þ6 þ16 þ31

Gemfibrozil (CI-718) þ13 –17 –17

Di-n-butyl phthalate –18 þ19 þ20 þ38

Trichloroacetate þ6 þ21 þ22 þ24 þ36 þ23

Perfluorooctanoic acid þ25 þ26 þ35

–27

Comments: In the table, (þ) indicates that the chemical was found to lead to the event; (–) indicates that the chemical was found not to lead to the event;
(þ/–) indicates mixed results. PPARa activation was measured using transactivation assays. NF-kB activation refers to binding of NF-kB (p65:p50
heterodimer) to the NF-kB response element in electrophoretic mobility shift assays. Acute cell proliferation was measured in the livers of treated
mice, usually with seven days or less of exposure. Apoptosis was mostly measured in primary hepatocytes, given the low background in intact livers.
Chronic cell proliferation was measured in the livers of mice exposed to PPARa agonists, usually for more than three weeks.
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2. Rusyn et al., 2000
3. Bility et al., 2004; Corton & Lapinskas, 2005; Issemann & Green, 1990
4. Isenberg et al., 2000
5. Isenberg et al., 2001
6. Issemann & Green, 1990
7. Busser & Lutz, 1987
8. Cai et al., 1995; Elliott & Elcombe, 1987; Qu et al., 2000; Dostalek et al., 2008
9. Nicholls-Grzemski et al., 2000
10. Issemann & Green, 1990; Corton et al., 2000
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13. Corton et al., 2000
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21. Stauber & Bull, 1997; Dees & Travis, 1994
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showing causal links between specific pathways and modu-

lation of cell fate.

Even though the precise mechanism for induction in cell

growth and suppression of apoptosis by PPARa activators is

not known, the panel agreed that cell fate changes cannot

occur without alteration in signaling pathways that impact the

cell cycle machinery. The panel agreed that the overall data

support the conclusion that alteration of key growth control

pathways is a key event in PPARa-activator MOA.

Key event #3 – perturbation of cell growth and survival

PPARa activators produce several tumor precursor effects,

including liver hyperplasia and altered growth in preneoplas-

tic foci (discussed below). The frequency of spontaneous

mutations may be increased by cell replication induced by

PPARa activators from increased errors in DNA repair or

replication. Presumably, the most important mutational events

lead to silencing of tumor suppressor genes or increased

expression/activity of oncogenes in initiated hepatocytes

(Cattley et al., 1998; Huber et al., 1991). PPARa activators

can promote the growth of spontaneously- or chemically-

initiated hepatocytes. The role of PPARa activators in direct

and indirect DNA damage is discussed below.

Increases in cell proliferation. All PPARa activators in a

dose-dependent manner produce an increase, albeit transient,

in replicative DNA synthesis during the first few days or

weeks of exposure (Tables 5 and 6). After this initial burst in

replication, baseline levels of hepatocyte replication are

approached while the liver remains enlarged. This pattern is

similar to that observed after exposure to activators of

constitutive activated receptor (CAR) such as phenobarbital

(discussed in Elcombe et al., in press). Many potent PPARa
activators at high doses exhibit measurable sustained or

chronic increases in cell proliferation, although the levels are

much lower than those observed after acute exposures. There

are some PPARa activators that do not induce this chronic

cell proliferation even though the acute hepatocyte prolifer-

ation is clearly observed. The chemicals that do not appre-

ciably induce chronic cell proliferation (including DEHP) are

generally weaker PPARa activators. It should be noted that

minimal increases above variable background levels of cell

proliferation are difficult to detect.

Kupffer cells are believed to play a role in the prolifera-

tive response of hepatocytes to PPARa activators through

the production and secretion of cytokines. A number of

in vitro studies have been carried out in which hepatocyte

cultures exposed to PPARa activators were assessed for cell

proliferation by themselves or in the presence of Kupffer

cells (Figure 3A). In the absence of Kupffer cells in the

culture, hepatocyte cell cultures lacked the proliferative

response normally seen when exposed to the PPARa
activators WY and nafenopin. Proliferation could be restored

by adding back the Kupffer cells to the culture or adding

media from the Kupffer cells treated with PPARa activators

(Hasmall et al., 2000a; Parzefall et al., 2001). The authors of

these studies contend that there were soluble factors in the

media from the Kupffer cells that are crucial for hepatocyte

proliferation after PPARa-activator exposure. However, there
is one study that did not show a requirement for Kupffer

cells or growth factors derived from Kupffer cells for the

proliferation of hepatocytes after exposure to PPARa
activators (Plant et al., 1998). In this model system, the

authors indicated that an induction of the PPARa gene itself

by glucocorticoids may be playing a role in the induction of

cell proliferation. The study reported no information about

the level of purity of the hepatocyte preparation, leaving

open the possibility that the culture contained some level of

NPCs.

As discussed earlier, experiments with Ppara-null mice

indicate that PPARa activation is required for hepatocyte-

specific changes associated with exposure to PPARa activa-

tors (Christensen et al., 1998; Hasmall et al., 2000b; Lee

et al., 1995; Peters et al., 1997, 1998). However, Kupffer cells

do not express detectable levels of PPARa but express

PPARb/d and PPARg (Peters et al., 2000). Kupffer cells

isolated from Ppara-null mice restore the proliferative

response to PPARa activators of isolated hepatocytes from

wild-type mice (Hasmall et al., 2000c). The fact that cell

proliferation does not occur in co-cultures of hepatocytes

and Kupffer cells from Ppara-null mice demonstrated the

absolute requirement of PPARa for induction of cell prolif-

eration (Hasmall et al., 2000a). Overall, these in vitro data

suggest that the maximal proliferative response of hepatocytes

to PPARa activators involves factors secreted by Kupffer cells

and is PPARa-dependent.
Studies in intact animals suggest that Kupffer cells

contribute to the cell proliferative and tumorigenic effects

Clonal expansion of 
preneoplastic foci 

Metabolic activation – if 
necessary 

Activation of PPARα 

Modulating factors: 
-Oxidative stress 
-NF-κB activation 
-Gap junctional cell 
communication

Associative:  
-Lipid-metabolizing 
enzyme alteration 
-Hypolipidemic effects 
-Peroxisome proliferation 

Perturbation of cell growth 
and survival 

Liver tumors  

Alteration in cell growth 
pathways 

Figure 2. Postulatedmode of actionwith key events of rodent liver tumors
induced by PPARa activators. PPARa activators activate PPARa, which
then regulates the transcription of different classes of genes including
those involved in cell proliferation and apoptosis. Alteration of these genes
leads to increases in hepatocyte proliferation and decreases in hepatocyte
apoptosis in the liver after acute exposure and increases in low level
hepatocyte proliferation with most PPARa activators under chronic
exposure conditions. Preneoplastic foci that arise either spontaneously or
through indirect DNA-damage exhibit increases in cell proliferation
compared to the surrounding parenchyma. Additional mutational or
epigenetic changes may occur, leading to hepatocellular adenomas and
carcinomas. Modulating events that may play a role in the PPARa MOA
include increases in oxidative stress, activation of NF-kB and gap junction
intercellular communication. Events associated with PPARa activation
include the regulation of lipid metabolizing enzymes involved in the
therapeutic hypolipidemic effects of PPARa agonists and genes involved
in the increases in size and number of peroxisomes (Pex genes).
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of PPARa activators (Figure 3B) (Hays et al., 2005; Peters

et al., 1997; Rose et al., 1999a,b; Weglarz & Sandgren, 2004;

Yang et al., 2007). Inhibitors of Kupffer cells were used that

decrease but do not entirely eliminate Kupffer cell activation.

The inhibitors methyl palmitate and glycine largely or entirely

prevented the hepatic cell proliferative response to a single

dose of WY (Rose et al., 1997a,b). Importantly, when glycine

was administered to rats in the diet under conditions of

chronic exposure to WY, hepatocyte proliferation was not

prevented, but glycine decreased the overall number and size

of the tumors (Rose et al., 1999a,b). The mechanistic details

of Kupffer cell involvement in cell proliferative and tumori-

genic effects of PPARa activators need to be better defined.

Under conditions of chronic exposure to PPARa activators,

liver tumors have never been observed in the absence of

PPARa-induced precursor events, including acute cell prolif-

eration. However, a study using a genetically engineered

form of PPARa suggested that cell proliferation and tumor

induction could be uncoupled (Table 7). The responses of

mice transgenic for a constitutively activated form of PPARa
fusion protein (VP16PPARa) were compared to those of wild-

type mice treated with WY (Yang et al., 2007). Expression of

the VP16PPARa fusion protein led to increases in hepatocyte

proliferation in the absence of non-parenchymal cell prolif-

eration due to the hepatocyte-specific expression of the

transgene. In contrast, WY treatment in wild-type livers led to

proliferation in both hepatocytes and NPC (the type of NPC

that was actually proliferating was not specified). Expression

of the VP16PPARa fusion protein did not result in increases

in liver tumors despite increases in hepatocyte proliferation

in the same livers (Yang et al., 2007). However, it is important

to emphasize a significant limitation to the transgenic

VP16PPARa fusion protein mouse model. Whereas endogen-

ous PPARa becomes transcriptionally active by a number of

molecular events observed with many nuclear receptors

(Figure 1), the VP16PPARa fusion protein is activated by

the presence of a viral transactivation domain that causes a

number of distinctly different effects including protein-protein

interactions with general transcription factors TFIIA, TFIIB,

the TATA-binding protein, TAFII40 components of the multi-

subunit TFIID and direct recruitment of RNA polymerase

(Hagmann et al., 1997). This is important to note because

other studies examining the effect of other transcription

factor – VP16 fusion proteins have found that while the VP16

fusion protein retains the ability to transactivate, it cannot

induce typical phenotypes observed when the transcription

factor is activated through endogenous pathways (Schwarz

et al., 1992). This suggests that the VP16PPARa fusion

protein could lack the ability to induce all of the changes

required to cause tumorigenesis, consistent with a follow up

study which compared the transcriptional responses between

control and WY treated VP16PPARa mice (Qu et al., 2010).

Interestingly, they found a class of genes that were induced by

WY but not the transgene and were dependent on endogenous

PPARa. These genes included c-Myc, an important regulator

of hepatocyte proliferation, as well as genes that are part of a

DNA damage response including Rad51 and Mcm family

members. Because the VP16PPARa is only expressed in

hepatocytes, the authors note that WY was inducing add-

itional events that may include both hepatocytes and NPCs.

Overall, these results indicate that NPC activation is required

for regulation of a class of genes that are linked to

hepatocarcinogenesis. Thus, PPARa-mediated hepatocyte

proliferation by itself is not sufficient to induce liver cancer

because of NPC-dependent effects. Taken together, the results

indicate that it is the combination of events in hepatocytes and

NPCs that are important for induction of cell proliferation and

liver tumors by PPARa activators.

Evidence that hepatocyte proliferation is dependent on

soluble growth factors comes from work by Weglarz &

Sandgren (2004). Chimeric livers composed of wild-type and

Ppara-null hepatocytes were generated in wild-type and

Ppara-null mice. Exposure to a PPARa activator triggered

peroxisome proliferation and associated enzyme induction

only in wild-type hepatocytes, indicating that these responses

require PPARa. However, hepatocytes in chimeric livers

responded to treatment with increases in proliferation whether

or not they contained an intact PPARa as long as some of the
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Figure 3. Relationships between PPARa activator exposure, PPARa
genotype and cell proliferation in hepatocytes and Kupffer cells. The
figure illustrates the consequences of PPARa activator exposure on
proliferation in Kupffer cells or hepatocytes in (A) in vitro or (B) in vivo
models. Hepatocytes are represented by blocks and Kupffer cells as
irregular shapes. The results of the studies are discussed in the text.
Behavior of the hepatocyte-Kupffer cell co-cultures (A) was derived from
the following references: (I–III) Hasmall & Roberts (2000), Hasmall et al.
(2000a,c); (IV) Parzefall et al. (2001). For the in vivo studies (B) behavior
of the model was derived from the indicated references: (I and II) Peters
et al. (1997); Hays et al. (2005); (III) Rose et al. (1999a,b); (IV) Yang et al.
(2007); (V) Weglarz & Sandgren (2004).
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hepatocytes within the liver were from wild-type mice. These

results indicate that Ppara-null hepatocytes retain the ability

to respond to the proliferative effects of PPARa activators

(Weglarz & Sandgren, 2004) and imply that secreted factors

from the wild-type hepatocytes could affect Ppara-null
hepatocytes in trans.

Effects on apoptosis. PPARa activators, along with many

non-genotoxic carcinogens, suppress hepatocyte apoptosis.

Suppression of apoptosis could inhibit the ability of the liver

to remove DNA-damaged pre-neoplastic hepatocytes that

arise spontaneously or through direct damage (Bayly et al.,

1994; James & Roberts, 1996; Oberhammer & Qin, 1995;

Schulte-Hermann et al., 1981). Most of the evidence for

apoptosis suppression comes from in vitro studies because of

the difficulty in measuring the suppression of already low

levels of apoptosis in vivo. Studies conducted in vitro show

that the PPARa activators nafenopin, methylclofenapate and

WY suppress spontaneous hepatocyte apoptosis as well as

that induced by a negative regulator of liver growth,

transforming growth factor b1 (TGFb1) (Bayly et al., 1994;

Oberhammer & Qin, 1995). PPARa activators can also

suppress apoptosis in vitro induced by diverse stimuli such as

DNA damage or ligation of Fas, a receptor related to the

tumor necrosis factor a (TNFa) family of cell surface

receptors (Gill et al., 1998). A limited number of in vivo

studies also showed suppression of apoptosis after acute

dosing with nafenopin, DEHP or WY within the first few

days of initial exposure (Bursch et al., 1984; James et al.,

1998a,b; Youssef et al., 2003).

Suppression of apoptosis by PPARa activators occurs

under acute exposure conditions when the liver is adapting

to chemical exposure and increasing in size. However, once

a steady state of liver enlargement is reached, levels of

apoptosis likely return to background levels or to levels that

balance the low level of cell proliferation that occurs for

potent PPARa activators. Consistent with this, two reports

show that chronic exposure of rats and mice to the PPARa
activator WY under conditions that result in chronic low

level hepatocyte proliferation leads to increases in apoptosis

(Burkhardt et al., 2001; Marsman et al., 1992). Furthermore,

PPARa activators alter the ability of the liver to respond to

apoptosis inducers in vivo. Sensitivity to two apoptosis

inducers (Jo2 antibody and conconavalin A) was dramatically

increased in wild-type but not Ppara-null mice exposed for

1 week to WY (Xiao et al., 2006). The data indicate that in the

intact animal a physiological function of PPARa activation is

to balance the levels of hepatocyte proliferation and apoptosis

in an effort by the system to adapt to chemical exposure,

i.e. an initial increase in the size and number of hepatocytes

followed by maintenance of the system in the new steady state

in which low levels of hepatocyte proliferation are balanced

by low levels of apoptosis.

To summarize, alterations in the balance between hepato-

cyte proliferation and apoptosis have been observed after

exposure to multiple PPARa activators at different stages of

carcinogenesis including under acute and chronic exposure

conditions. In the intact animal, tumors are not observed in

the absence of hepatocyte proliferation. On the basis of these

findings, our panel agreed that alteration of hepatocyte fate

through induction of cell proliferation and/or inhibition of

apoptosis is a key event in the MOA of PPARa activator-

induced liver tumors.

Key event #4 – selective clonal expansion of

preneoplastic foci cells

It is widely agreed that most non-genotoxic compounds that

induce liver cancer cause selective clonal expansion of the

preneoplastic liver cell population. The induction of cell

proliferation in liver by PPARa activators is believed to

enhance the rate of fixation of DNA damage in the genome,

leading to changes in gene expression such as the silencing of

tumor suppressor genes or increased expression of oncogenes.

These changes facilitate clonal expansion of initiated cells,

leading to the formation of hepatic focal lesions (Cattley et al.,

1991, 1998; Huber et al., 1991).

PPARa activators promote the growth of chemically- and

spontaneously-induced lesions through enhanced cell replica-

tion (Cattley & Popp, 1989; Cattley et al., 1991; Isenberg

et al., 1997; Marsman et al., 1988). PPARa activators

selectively stimulate growth of initiated cells exhibiting a

phenotype different from cells composing either spontaneous

tumors or tumors induced by other non-genotoxic chemicals

such as phenobarbital (Rao et al., 1986). PPARa activator-

induced foci are predominantly basophilic and do not express

proteins such as glutathione S-transferase–placental form

or g-glutamyl transpeptidase, which are normally associated

with foci and tumors induced by other non-genotoxic

carcinogens or DNA-damaging agents (Rao et al., 1988).

Once early lesions are formed, continued exposure to PPARa
activators causes a selective increase in DNA replication

in these liver foci (Isenberg et al., 1997) while replication

of hepatocytes in the normal surrounding liver is increased

only slightly (Grasl-Kraupp et al., 1993a,b,c). Furthermore,

preneoplastic foci respond to the cell replicative effects

rather than the peroxisome proliferative effects of PPARa
activators, suggesting that the growth stimulus, but not the

peroxisome proliferative effect, is of particular significance

for the carcinogenic action (Grasl-Kraupp et al., 1993a,b,c).

Apoptosis is also increased in these foci and in adenomas

(Isenberg et al., 1997), but the lesions continue to grow

because of an imbalance favoring cell replication over cell

death. While cell proliferation is increased in liver tumors,

the increase is somewhat diminished by parallel increases in

apoptosis in PPARa activator-induced tumors in the rat

compared with normal surrounding tissue, suggesting that cell

turnover is increased in tumorigenic lesions (Grasl-Kraupp

et al., 1997). Co-treatment of rats with WY and rotenone,

a compound that disrupts microtubule spindle assembly,

resulted in reduced cell proliferation in foci and reduced

number and size of foci compared to WY alone (Isenberg

et al., 1997). Progression from initiated cell to hepatic

carcinomas is dependent on the continued presence of the

PPARa activators. Five weeks after withdrawal of nafenopin

there was a 20% reduction in the number of hepatocytes in the

non-involved tissue and 85% reduction of cells in foci,

adenomas and carcinomas (Grasl-Kraupp et al., 1997). The

data indicate that continual activation of PPARa is necessary

for the growth and maintenance of initiated cells in foci,
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adenomas and carcinomas in the liver of PPARa activator-

treated mice and rats.

On the basis of these findings, the panel agreed that

selective clonal expansion of preneoplastic foci cells by

increases in cell number is a key event in the MOA of PPARa
activator-induced liver tumors.

Modulating factors

Modulating factors are conditions or responses that can alter

the dose–response and time-dependent relationships of key

events, associated events and the apical event in the MOA but

do not change the key events in the PPARaMOA. Modulating

factors themselves may be PPARa-dependent or -independent.
The effect of various modulating factors could be either to

enhance or inhibit the MOA. The specific modulating factors

considered by the panel included oxidative stress, activation

of NF-kB and inhibition of cell communication, all of which

were initially evaluated as possible key events. Upon exten-

sive discussion, it was agreed that the data were not

convincing for these to be key events in the MOA. Rather,

although not causal these modulating factors were considered

to have the potential to alter the ability of PPARa activators to

increase liver cancer.

Increases in oxidative stress

Oxidative stress is hypothesized to play a general role in

chemical-dependent and -independent cytotoxicity and tumor

promotion (Goetz & Luch, 2008; Roy et al., 2007). Oxidative

stress and the presence of reactive oxygen species (ROS) have

been proposed as a possible key event for PPARa activators

(Corton, 2010; Klaunig et al., 2003). Linkages exist between

increases in ROS and increased incidence of liver cancer by

PPARa activators. Overproduction of oxidants might cause

DNA damage leading to mutations and cancer (Reddy & Rao,

1989; Yeldandi et al., 2000) or increase the activation of

signaling pathways that lead to alteration in cell fate (Rusyn

et al., 2006). In livers of both rats and mice, markers of

oxidative stress were increased by PPARa activators (Tables 5

and 6), determined by measuring lipid peroxidation (TBARS,

conjugated dienes, lipofuscin, malondialdehyde, F2-isopros-

tanes), oxidized glutathione or hydrogen peroxide. Only a few

studies that examined measures of oxidative stress failed to

detect increases in these markers. However, these studies are

difficult to interpret because other key or associating events

were not simultaneously analyzed (e.g. Huber et al., 1991,

1997). There were other studies in which one assay for

oxidative stress was positive but another negative (e.g.

Conway et al., 1989; Fischer et al., 2002). Overall, the data

are consistent with oxidative stress being induced upon

activation of PPARa.
Studies using compounds that inhibit oxidative stress or

inflammation also highlight possible linkages of the modulat-

ing factors in the PPARa MOA. Pretreatment with the free

radical scavenger and xanthine oxidase inhibitor allopurinol

inhibited the activation of NF-kB in the livers of WY-treated

rats (Rusyn et al., 1998). In in vitro studies, co-treatment

with the anti-oxidants vitamin E or N-acetylcysteine blocked

the ability of NF-kB to activate a reporter gene in

ciprofibrate-treated HIIE3C cells (Li et al., 2000a).

Co-treatment with ciprofibrate and one of two anti-oxidants,

2(3)-tert-butyl-14-hydroxyanisole or ethoxyquin, decreased

the incidence and size of liver tumors compared to

ciprofibrate treatment alone (Rao et al., 1984). Co-treatment

studies using either dimethylthiourea or deferoxamine as

antioxidants decreased the incidence of liver tumors in rats

fed the PPARa activator ciprofibrate (Rao & Subbarao, 1997,

1999). Paradoxically, when rats were co-treated with the

PPARa activator ciprofibrate and the antioxidant vitamin E,

the levels of the antioxidant glutathione were depleted and

tumor incidence was increased (Glauert et al., 1990). In other

co-treatment studies vitamin E inhibited clofibrate-induced

increases in lipofuscin-like products (Stanko et al., 1995)

and ciprofibrate-induced increases in NF-kB activation in

the absence of effects on markers of PPARa activation

(Calfee-Mason et al., 2004).

Molecular sources of ROS. Sources of ROS in the livers of

mice and rats exposed to PPARa activators include enzymes

that generate hydrogen peroxide and other ROS. Hydrogen

peroxide can oxidize DNA, lipids and other molecules.

PPARa activators regulate the expression of many enzymes

that produce hydrogen peroxide as a byproduct of metab-

olism, including the peroxisomal, mitochondrial and micro-

somal oxidases such as fatty acyl-CoA oxidase (ACO) in

hepatocytes (Becuwe & Dauça, 2005). There is some

evidence that administration of PPARa activators can also

lead to decreased levels of enzymes that degrade ROS,

which may contribute to increases in oxidative stress upon

exposure (Glauert et al., 1992; O’Brien et al., 2001a,b). One

of these enzymes is catalase, which converts hydrogen

peroxide to water and oxygen. The individual contributions

of these enzymes to increases in oxidative stress and

downstream key events leading to liver tumor induction

has not been quantitatively addressed but is likely complex.

In one example, Reddy and coworkers originally proposed

that peroxisomal ACO (Acox1) is the enzyme responsible for

oxidative stress-induced liver tumors by PPARa activators

(Nemali et al., 1988). However, ACO was later found to be

dispensable for increases in oxidative stress. In fact, control

ACO-null mice exhibited the phenotype of wild-type mice

exposed to PPARa activators including increases in oxida-

tive stress and induction of liver tumors dependent on

PPARa (Fan et al., 1998; Hashimoto et al., 1999). The role

of other ACO family members (Acox2, Acox3) has not been

determined in this model. In catalase-transgenic mice that

exhibit increased liver expression and activity of catalase,

there were decreased levels of NF-kB activation (discussed

below) associated with decreased hepatocyte proliferation

upon exposure to ciprofibrate (Nilakantan et al., 1998).

The other proposed major source of oxidative stress upon

PPARa-activator exposure is NADPH oxidase, which plays

an important role in generating the superoxide radical in

response to Kupffer cell activators (De Minicis et al., 2006).

NADPH oxidase is activated by PPARa activators and is

important in generating oxidative stress and cell proliferation

after short-term PPARa-activator exposure. The role of

NADPH oxidase was determined directly by measuring

effects of PPARa-activator exposure in mice that lack one

of the regulatory subunits of NADPH oxidase (p47Phox-null
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mice). After short-term PPARa-activator exposure, the

p47Phox-null mice did not exhibit increases in oxidative

stress and hepatocyte proliferation (Rusyn et al., 2000).

A subsequent study, in which mice were exposed to WY for

3 weeks, showed that increases in indicators of oxidative

stress, palmitoyl-CoA oxidase activity and cell proliferation

were independent of the status of the p47Phox gene but were

dependent on PPARa (Woods et al., 2007b,c). Differences

in the results of these studies may be due to the time of the

exposure; longer-term exposures may trigger conditions that

allow bypass of p47Phox dependence.

Relationships between oxidative stress and DNA

damage. Extensive testing of PPARa activators has

shown that these compounds do not consistently induce

direct DNA damage (Klaunig et al., 2003). However,

indirect DNA damage from oxidative stress has been

hypothesized to be a common pathway for many non-

genotoxic chemical carcinogens including PPARa activa-

tors (Klaunig et al., 1998). Relationships exist between

PPARa-activator exposure, DNA damage and cancer based

on measurement of 8-hydroxy-deoxyguanosine (8-OH-dG),

a highly mutagenic lesion in DNA isolated from livers of

animals treated with PPARa activators (Kasai, 1997; Qu

et al., 2001; Takagi et al., 1990). Follow-up studies

showed that increases in oxidative DNA damage may have

originated from the way in which the genomic DNA was

prepared (Cattley & Glover, 1993; Sausen et al., 1995).

Experiments measuring other indicators of DNA damage,

i.e. abasic sites, 8-oxoguanine or single strand breaks in

genomic DNA from rats and mice treated with WY for

1 month, failed to show increases over controls (Rusyn

et al., 2004). Only in the livers of wild-type but not

Ppara-null mice treated with WY for 5 months were there

increases in at least one measure of DNA damage in

genomic DNA, i.e. abasic sites (Woods et al., 2007b). The

relationship between oxidative stress, increases in abasic

sites and subsequent tumor yield has not been determined.

Overall, the data indicate that PPARa activators consist-

ently increase the level of oxidative stress which likely occurs

through multiple mechanisms. There is little direct evidence

that increases in oxidative stress generated after PPARa
activator exposure leads to direct or indirect DNA damage.

The panel agreed that the weight of evidence is not sufficient

to conclusively link direct or oxidatively-induced DNA

damage as part of the MOA; however, the level of oxidative

stress could be a modulating factor in determining liver tumor

induction especially under conditions when background

oxidative stress could add to that from endogenous PPARa
activators (see below).

Role of NF-�B in the PPAR�-activator mode of action

A possible contributor to the PPARa-activator MOA is

NF-kB activation. NF-kB transcription factors are coordin-

ators of adaptive and innate immune responses. NF-kB
signaling also plays a critical role in cancer development and

progression (Arsura & Cavin, 2005; Karin, 2006). NF-kB is

activated under conditions of inflammation and oxidative

stress (Czaja, 2007; Gloire et al., 2006).

A number of studies indicate that oxidative stress induced

by PPARa activators activates NF-kB. Activation is assessed

by the ability of nuclear NF-kB (usually a heterodimer

composed of p50 and p65 subunits) to bind to a response

element in an electrophoretic mobility shift assay (EMSA).

WY, ciprofibrate, gemfibrozil and di-n-butyl phthalate

increased NF-kB activity in rat or mouse liver (Tables 5

and 6). Nafenopin did not induce NF-kB and this finding

could be due in part to differences in the manner in which this

one lab carried out EMSA (Menegazzi et al., 1997; Ohmura

et al., 1996). NF-kB can be activated in both Kupffer cells

and hepatocytes. However, activation peaks at different times

in the different cell types. A single gavage dose of WY in rats

caused increased NF-kB activity in Kupffer cells at 2 h while

in hepatocytes the peak occurred 6 h later and was not as

pronounced compared to that in Kupffer cells (Rusyn et al.,

1998). The increase in NF-kB activation in parenchymal cells

could be due to increases in mitogenic cytokines produced

by Kupffer cells that activate signal transduction pathways

ultimately impinging on NF-kB. Alternatively, there is one

study in which NF-kB was activated directly by a PPARa
activator in the H4IIEC3 rat hepatoma cell line, which is

responsive to the proliferative effects of PPARa activators

(Li et al., 2000a). The increased NF-kB activity may also be

due to hydrogen peroxide-generating enzymes, such as ACO,

that are highly induced by PPARa activators. Overexpression

of ACO in COS-1 cells, in the presence of a hydrogen

peroxide-generating substrate (but in the absence of a PPARa
activator), was found to activate an NF-kB-regulated reporter

gene (Li et al., 2000b).

The activity of NF-kB can be modified by genetic or

biochemical manipulations that affect the level of oxidative

stress. NF-kB activation was shown to depend on PPARa;
activation was observed in wild-type but not in Ppara-null
mice after a 3-week exposure to WY (Woods et al., 2007b).

NF-kB activation by ciprofibrate was suppressed in the livers

of mice overexpressing catalase (Nilakantan et al., 1998).

NF-kB activation was shown to be dependent on p47Phox for

short-term but not longer-term exposures (Rusyn et al., 2001;

Woods et al., 2007b,c), indicating that NF-kB can be

activated by oxidative stress from sources other than

p47Phox. Antioxidant (vitamin E or allopurinol) or NADPH

oxidase inhibitor (diphenyleneiodonium) supplementation in

the diet suppressed the activation of NF-kB by PPARa
activators in the liver (Rusyn et al., 1998, 2000; Calfee-Mason

et al., 2004). Lastly, a number of other genes/proteins that are

transcriptionally regulated by PPARa-activator exposure

have the ability to modulate the activity of NF-kB. These
include an inhibitor of NF-kB (IkB) that is downregulated by

ciprofibrate in two studies (Calfee-Mason et al., 2004, 2008)

but not in another (Delerive et al., 2000) and also a number of

kinases (Vanden Heuvel et al., 2003), including protein kinase

C (Rose et al., 2000), that act upstream of NF-kB. Overall,
the data indicate that oxidative stress activates NF-kB after

PPARa-activator exposure.
A number of studies demonstrate that NF-kB activation is

involved in modulation of hepatocyte fate in response to

inducers of oxidative stress in general (e.g. Maeda et al.,

2005) as well as in response to PPARa activators. The PPARa
activator ciprofibrate was shown to alter cell proliferation
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and apoptosis in mice deficient in the p50 subunit of NF-kB
(p50-null mice). Wild-type mice fed a diet with 0.01%

ciprofibrate for 10 days showed increased NF-kB DNA

binding activity, but no such increase was detected in p50-null

mice under similar treatment conditions. Untreated wild-type

mice had lower background levels of apoptosis than p50-null

mice (Tharappel et al., 2003), consistent with NF-kB acting

as a negative regulator of apoptosis (Arsura & Cavin, 2005;

Karin, 2006). Apoptosis was reduced in p50-null mice after

ciprofibrate feeding but was still higher than wild-type levels.

The untreated p50-null mice had a higher level of basal

hepatic cell proliferation than wild-type mice, presumably as

a mechanism to compensate for the higher levels of

apoptosis. However, the increase in proliferation was greater

in ciprofibrate-fed wild-type mice than in ciprofibrate-fed

p50-null mice (Tharappel et al., 2003).

A chronic (38-week) exposure study provided evidence

that NF-kB activation is necessary for hepatocarcinogenesis

induced by the PPARa activator WY (Glauert et al., 2006).

Wild-type mice receiving only DEN as an initiating agent

developed a low incidence of tumors (25%). The majority of

wild-type mice receiving DEN followed by WY developed

tumors (63%). However, no tumors were seen in the DEN� or

DEN þ WY-treated p50-null mice, demonstrating that the

p50 subunit of NF-kB is involved in the promotion of hepatic

tumors by WY. The difference in tumor incidence between

wild-type and p50-null mice could not be explained by

differences in the regulation of apoptosis or cell proliferation.

The DEN þ WY treatment increased both cell proliferation

and apoptosis in wild-type and p50-null mice, although the

levels were lower in the p50-null mice (Glauert et al., 2006).

Overall, this study supports a role for NF-kB in liver tumor

induction by a PPARa activator.

Although there is evidence linking oxidative stress, NF-kB

activation, hepatocyte proliferation and tumor induction, the

panel agreed that the evidence was not sufficient to conclude

that activation of NF-kB is a key event in the induction of

liver tumors by PPARa activators. However the panel agreed

that NF-kB was a modulating factor.

Inhibition of gap junctional intercellular communication

Gap junction intercellular communication is important in

maintenance of tissue homeostasis and transmission of

regulatory signals and metabolic cooperation. Gap junctions

also appear to play a role in cell proliferation and cancer

(Loewenstein & Kanno, 1966; Neveu et al., 1990). Following

partial hepatectomy, the degradation and resynthesis of gap

junction protein and the formation of gap junctions correlates

directly with the regeneration of the liver (Traub et al., 1983).

This role in cell proliferation and other findings showing a

decrease in gap-junction expression in tumors (Janssen-

Timmen et al., 1986) led to the further exploration by

Trosko and others on a role for gap-junctional intercellular

communication in the carcinogenesis process (Klaunig et al.,

1990; Trosko et al., 1990; Yamasaki, 1990). Blockage or

inhibition of gap-junctional intercellular communication has

been shown both in vivo and in vitro following treatment with

a number of non-genotoxic carcinogens (Ruch & Klaunig,

1988) and has been associated with tumor promotion in the

multistage cancer model (Klaunig & Ruch, 1990). In the case

of PPARa activators, inhibition of gap-junction communica-

tion has been demonstrated both in vitro (Klaunig et al., 1988)

and in vivo (Lington et al., 1994) following exposure to

phthalate esters. In primary cultured rat and mouse hepato-

cytes, MEHP (the active metabolite of DEHP) demonstrated

a dose-dependent and reversible inhibition of cell communi-

cation in a time-dependent manner (Klaunig et al., 1990).

Similarly, treatment with DEHP in vivo resulted in the

blockage of dye coupling (a measure of gap-junction com-

munication) in rats at doses that were tumorigenic. The

inhibition of gap junctional intercellular communication in

rodents was dose- and time-dependent and reversible upon

removal of the compound in vitro (Isenberg et al., 2001)

and correlated well with the in vivo specificity of DEHP

in inducing liver tumors in rats (Isenberg et al., 2000).

In primary cultured hepatocytes from Cynomolgus monkeys

and humans, MEHP failed to block gap junctional commu-

nication (Kamendulis et al., 2002). Similarly, in in vivo DEHP

treated non-human primate (Cynomolgus) liver no inhibition

of cell-to-cell communication was seen (Pugh et al., 2000).

Other PPARa activators including PFOA and other perfluoro-

alkyl acids showed an inhibition of gap junctional cell-to-cell

communication in a dose–response fashion that was depend-

ent on carbon length and was reversible (Upham et al., 1998).

Elcock et al. (1998) have shown dose–responsive species

specificity to the inhibition of gap junctional cell-to-cell

communication by nafenopin in hepatocytes from rat (sensi-

tive species) and guinea pigs (insensitive species) that

correlated with tumor induction.

The solvent trichloroethylene (TCE) and its metabolites,

trichloroacetic acid (TCA), trichloroethanol (TCEth) and

chloral hydrate (CH), were examined for inhibition of gap

junction-mediated intercellular communication in mouse and

rat primary cultured hepatocytes. TCE and TCA showed a

species-specific effect, inhibiting intercellular communication

in mouse hepatocytes but not in rat hepatocytes. TCEth and

CH had no effect on hepatocyte intercellular communication

in either rat or mouse cells (Klaunig et al., 1989).

Our panel agreed that gap junctional cell-to-cell commu-

nication participates as a modulating factor, not as a key event

in the production of liver tumors from PPARa activators.

Associated events

Events that have previously been associated with the PPARa
MOA include peroxisome proliferation and induction of lipid

metabolism genes (Klaunig et al., 2003). PPARa controls

lipid homeostasis by regulating the expression of genes that

affect fatty acid uptake, activation and oxidation (Desvergne

& Wahli, 1999; Desvergne et al., 1998; Schoonjans et al.,

1996a,b; Wahli et al., 1995). A number of Pex genes involved

in peroxisome proliferation (i.e. increases in the size and

number of peroxisomes) are coordinately regulated by

PPARa-activator exposure. Collectively, these changes result

in increased ability to metabolize fatty acids and the

therapeutic lowering of lipid levels in mice, rats, monkeys

and humans. The changes in the fatty acid metabolism

genes and lowering of lipid levels have been shown to

be PPARa-dependent (summarized in Peters et al., 2005).
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The lipid-lowering effects of these compounds, as well as the

genes involved in fatty acid oxidation, are not thought to

be involved in the hepatocarcinogenic effects of PPARa
agonists but are effects consistently associated with exposure

in rodents, monkeys and humans. The induction of Pex and

lipid metabolism genes has been a useful marker for PPARa-
specific induction and these genes are commonly used to

evaluate the strength of the chemical to activate PPARa in

a number of test species.

Dose response of key events in the PPARa MOA:
DEHP and gemfibrozil as examples

Like other PPARa activators, exposure to DEHP induces

peroxisome proliferation and hepatocellular adenomas in

mice and rats. A summary of the liver tumor data from

chronic bioassays is found in Table 8. Due to its use in a wide

array of products, human exposure to DEHP is common.

Following oral exposure to rats and mice, DEHP induces key

events in the PPARa MOA. Considerable differences exist

among mammalian species exposed to DEHP, including its

metabolism and molecular changes in the liver, predominantly

through the activation of PPARa (Rusyn & Corton, 2012).

DEHP has been recently reviewed by IARC for carcinogen-

icity and has been upgraded from a category 3 (no relevance

to humans) to category 2b (possible human carcinogen) based

mainly on the uncertainty of the MOA for the rat testicular

Leydig cell and pancreatic acinar cell tumor responses

(Grosse et al., 2011; IARC, 2012).

Dose–response relationships were examined for DEHP

in the livers of F344 male rats from two studies. In the first

study, rats were fed diets containing one of four levels of

DEHP for up to 104 weeks (David et al., 1999, 2000a,b).

Palmitoyl-CoA oxidase (PBOX), liver-to-body weights (as a

measure of hepatocyte hyperplasia and hypertrophy) and

incidence of combined hepatocellular adenomas and carcin-

omas were evaluated. It should be noted that PBOX can be

used as a surrogate measure of PPARa activation because

the activity is encoded by one gene, namely ACOX1. Liver

tumors were induced at the two highest doses. In the second

study, rats were fed diets containing one of four dose levels

of DEHP for 2 weeks and hepatocyte DNA synthesis was

evaluated in periportal, centrilobular or total hepatocytes

(Isenberg et al., 2000).

The palmitoyl-CoA oxidase activity and the liver-to-body

weight ratios were plotted across time and dose from the

2-year bioassay using contour plots. PBOX significantly

changed at the 12 500 ppm dose level (only dose measured)

at 1, 2 and 13 weeks with 2- and 13-week exposure times

resulting in higher levels of induction compared to 1 week.

At 104 weeks, PBOX was significantly induced at doses of

2500 ppm and above (Figure 4A). Liver-to-body weight ratios

were increased significantly at 500 ppm and above at 1 week

but only at 2500 ppm and above for longer exposure times

(Figure 4B). These changes may reflect the increases in

acute cell proliferation that occur in the first week.

Compensatory changes likely occur after 1 week to maintain

normal liver weight at the 500 ppm dose level throughout

the remainder of the study.

Dose–response modeling was used to compare PBOX,

liver-to-body weight changes and tumor induction at 104

weeks (David et al., 1999) and gap-junction intercellular

communication and periportal, centrilobular and total

DNA synthesis at 2 weeks (Isenberg et al., 2000). The data

summarized in Figure 5 indicate that PBOX, liver-to-body

weights and gap-junctional intercellular communication

occur at doses lower than liver tumor induction whereas

DNA synthesis occurs at doses coincident with liver tumor

induction. These results are consistent with PPARa being

required for liver tumor induction by DEHP and that in

Table 7. Occurrence of key events in the mode of action after exposure to PPARa agonists in PPARa transgenic mouse models.

Key events

KE#3

KE#1

Perturbation
of cell growth
and survival KE #4

Associative event Modulating factors
Apical
endpoint

Chemical
PPARa
activation

Hepatocyte
proliferation

Clonal
expansion

Hypolipidemic
effect (decreased
serum or VLDL
triglycerides)

Liver
to body
weight

Oxidative
stress

NF-kB
activation

Alterations
in gap

junctions
Hepatic
tumors

PPARa-null NC (by definition) NC2 NC2 NC1 NC2 NC3, þ4 NT NT NC5, þ4

LAP-VP16PPARa7 þ6 þ6 NC6 þ6 þ6 þ6 NT NT NC6

PPARa-humanized (TRE-hPPARa) þ7 NC8 NC9 þ8 þ7 þ7 NT NT NC9

PPARa-humanized (hPPARaPAC) þ10 NC10 NT þ10 þ10 þ10 NT NT NT

Notes: þ, indicates a response relative to the appropriate control; NC, no change; NT, not tested.
References:
1. Peters et al., 1997; Peters et al., 1998
2. Peters et al., 1997; Peters et al., 1998; Hays et al., 2005
3. Woods et al., 2007b
4. Ito et al., 2007
5. Peters et al., 1997; Hays et al., 2005
6. Yang et al., 2007
7. Cheung et al., 2004; Morimura et al., 2006
8. Cheung et al., 2004
9. Morimura et al., 2006
10. Yang et al., 2008
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general, the more proximal the key event or associated event

is to liver tumor induction, the greater the level of compound

needed to induce the event.

Gemfibrozil is a member of a class of drugs called fibrates

that include clofibrate, fenofibrate and ciprofibrate. Since

approval by the FDA in 1982, gemfibrozil has been used

extensively as a lipid-regulating drug and is an effective

treatment for hypertriglyceridemia and hypercholesterolemia.

The results of two clinical trials demonstrate that gemfibrozil

has proven to be a valuable therapeutic agent in the control of

coronary heart disease (Frick et al., 1987), likely exerting

hypolipidemic effects by decreasing the concentration of

triglycerides (Rubins et al., 1999) and low-density lipoprotein

cholesterol (‘‘bad’’ cholesterol) while raising the concentra-

tion of high-density lipoprotein cholesterol (‘‘good’’ choles-

terol) (Rubins et al., 1999). Gemfibrozil, while inducing

liver tumors in male rats and male mice, does not induce liver

tumors in female mice or female rats (Fitzgerald et al., 1981;

IARC, 1996), despite consistently activating PPARa in vitro

in trans-activation assays (summarized in Corton et al., 2000;

Forman et al., 1997).

Dose–response relationships for relevant endpoints in the

PPARa MOAwere compared after exposure to gemfibrozil in

male F344 rats for up to 13 weeks (Cunningham et al., 2010).

Significant changes in PBOX occurred at 8000 ppm and

above at 1 week and 100 ppm and above at weeks 5 and 13

(Figure 6A), consistent with induction of ACOX protein using

the same tissues (Corton et al., 1996). Changes in liver

weights occurred at 100 ppm and above at all three time

points (Figure 6B). Only minor changes in markers of liver

damage occurred at high doses [e.g. alanine aminotransferase

(ALT)] and were no more than 3-fold above control levels at

week 14 (Figure 6C). Hepatocyte proliferation was typical

of PPARa activators with dramatic increases at 1 week and

minor but significant increases at the highest dose at the

5- and 13-week time points (Figure 6D). The minor increase

at the 10 ppm level at 1 week was only 1.4-fold. Maximum

increases in hepatocyte proliferation occurred at 1000 ppm

(9.7-fold). Overall these results are consistent with gemfi-

brozil being a relatively weak inducer of PPARa activation

compared to other PPARa activators (Krause et al., 1994;

Lalwani et al., 1983; McGuire et al., 1991).

Dose–response relationships were modeled for PBOX,

liver-to-body weight changes and hepatocellular proliferation

at 13 weeks (Cunningham et al., 2010). PBOX, liver-to-body

weight and cell proliferation occurred with calculated EC50

values of 3900, 3300 and 17 300 ppm, respectively. In the

cancer bioassay of gemfibrozil (Fitzgerald et al., 1981), male

and female albino CD rats and CD-1 mice were exposed to 0,

30 or 300mg/kg for 104 weeks (rats) or 78 weeks (mice).

The authors stated that gemfibrozil was a liver carcinogen

in male rats, but not in female rats or in mice of either sex.

In rats, there was a clear and significant increase in benign

liver neoplastic nodules at 300mg/kg and an increased

number of liver carcinomas at both 30 and 300mg/kg (the

liver carcinomas were not indicated as statistically signifi-

cant). In the Cunningham et al. (2010) study, a dose of

300mg/kg would result from exposure of between 1000

(60mg/kg) and 8000 (510mg/kg) ppm in F344rats. At these

concentrations, significant increases in relative liver weights,

hepatocyte proliferation at 1 week and PBOX occurred.

A dose of 30mg/kg from the Fitzgerald et al. (1981) study

would result from exposure of between 100 (6mg/kg) and

1000 ppm (60mg/kg) coincident with minor but significant

induction of PBOX and liver-to-body weight changes. Like

the DEHP example above, these results are consistent with

PPARa being required for liver tumor induction by gemfi-

brozil. In part because of the limitations of the data, it was

difficult to determine the relationships between the more

proximal key event or associated events and liver tumor

induction. However, the results are consistent with a dose-

dependent, sex-specific induction of liver tumors in male

rats and male mice through a PPARa MOA, as male rats

exhibit much larger inductions of markers of PPARa activa-

tion after gemfibrozil exposure compared to the resistant

female rats (Gray & De La Iglesia, 1984).

Endogenous PPARa ligands and constitutive activity

The endogenous activity of PPARa is likely to have a

modulating effect on the hypothesized MOA. Expression of

PPARa itself has an impact on lipid homeostasis and gene

expression as shown by comparing effects of Ppara-null
mice to wild-type mice fed control diets. In the absence of

chemical exposure, Ppara-null mice exhibit a phenotype

consistent with the fact that PPARa plays a central role in

fatty acid metabolism. These phenotypes include elevated

serum lipids, increased hepatic lipid accumulation, evidence

of enhanced pro-inflammatory signaling in the liver

(Akiyama et al., 2001; Aoyama et al., 1998; Howroyd

et al., 2004; Lee et al., 1995) and sexually dimorphic obesity

(Costet et al., 1998). Large increases in the amount of

mobilized fat occur in Ppara-null mice during fasting and

on a high fat diet (Kersten et al., 1999). Increases in

combined hepatocellular adenomas and carcinomas are

observed in control Ppara-null mice compared to control

wild-type mice in the absence of chemical treatment

(Howroyd et al., 2004). Thus, the absence of PPARa
expression leads to enhanced hepatic lipid accumulation and

inflammation (two known risk factors for hepatocarcinogen-

esis) that could result in liver cancer through mechanisms

entirely different than those observed with chronic activation

of PPARa by exogenous ligands. This is important to note

because no loss of function mutations have been identified

to date in the human PPARa gene, such that the phenotype

of the Ppara-null mouse models a comparable genetic

phenotype in humans.

There is evidence that modest increases in the expression

of PPARa and target genes by themselves do not result in

increases in liver cancer. When compared to their wild-type

controls, increases in liver PPARa gene expression and

expression of PPARa target genes are observed in a number

of dwarf mouse models with defects in growth hormone

signaling (Stauber et al., 2005). These dwarf mice are not only

resistant to a number of environmental stressors but also have

increased longevity thought to be due in part to resistance to

spontaneously-induced background tumor incidences includ-

ing those of the liver (summarized in Corton & Brown-Borg,

2005). Thus, the data indicate that increasing the background

level of PPARa and lipid metabolism genes does not
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necessarily contribute to increased background incidences of

liver cancer.

Background levels of PPARa activation could be due in part
to differences in the levels of naturally occurring PPARa
activators. There is evidence that a number of genes are

constitutively regulated by PPARa in the absence of chemical

treatment and activity is likely through activation of PPARa by

a number of naturally occurring dietary and endogenously

formed PPARa ligands (reviewed in Corton et al., 2000).

Inmice that are fasted for 24–48 h, there are dramatic changes in

Figure 4. Dose and time relationships of (A) palmitoyl-CoA oxidase (PCO) and (B) liver to body weight ratios after exposure to DEHP.
Data was obtained from the David et al. (1999) study in which male F344 rats were exposed to four dose levels of DEHP in the feed for up to 104
weeks. The grey circles show data points with the corresponding interpolated surfaces shown in false colors with the color coding shown in the bar
to the right. Contours were interpolated from existing data in MATLAB using the TriScatteredInterp function and Delauney triangulation.
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Figure 6. Dose and time relationships of (A) acyl-CoA oxidase, (B) liver to body weights, (C) alanine aminotransferase (ALT) and (D) cell proliferation after exposure to gemfibrozil in male F344 rats. Data was
obtained from the Cunningham et al. (2010) study. The grey circles show data points with the corresponding interpolated surfaces shown in false colors with the color coding shown in the bar to the right. Contours
were interpolated from existing data in MATLAB using the TriScatteredInterp function and Delauney triangulation.
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the expression of genes in their livers, many of which

are PPARa-dependent (Patsouris et al., 2006). Longer-term

caloric restriction also has a dramatic effect on reprogramming

themouse liver;�20%of the genes altered bycaloric restriction

were found to be PPARa-dependent (Corton et al., 2004). These
increases may be due in part to mobilization of fatty acids from

fat stores. A number of synthetic triglycerides having fatty acid

chains of various lengths and saturation induced global gene

expression changes that were dependent on PPARa in the

mouse liver (Sanderson et al., 2008). Furthermore, using global

transcriptional profiling, background expression of liver fatty

acid metabolism genes such as Acox1 and Cyp4a family

members was decreased in control Ppara-null mice when

compared to control wild-type mice (Ren et al., 2009, 2010),

demonstrating constitutive activation of a number of PPARa
targets in the absence of chemical treatment. Thus, the response

to a PPARa activator may in part be determined by any factor

that modulates the level of endogenous activators of PPARa
such as diet, fasting and stress. It is not known whether

endogenous PPARa ligands act as modulating factors during

PPARa activator-induced tumor promotion.

The PPARa MOA is chemical-independent

There is compelling evidence demonstrating that the MOA for

PPARa activators is an endogenous series of events that can

occur independent of chemical exposure. This was first

demonstrated in mice that lack a functional acyl-CoA oxidase

gene (ACO-null mice). The livers of these mice exhibited

severe steatosis, increases in markers of PPARa activation

(i.e. genes involved in b- and o-fatty acid oxidation),

increases in hydrogen peroxide levels, increases in cell

proliferation and liver tumors (Fan et al., 1998). The increases

in the markers of PPARa activation were PPARa-dependent
as the changes were abolished in double ACO-/Ppara-null
mice (Hashimoto et al., 1999). The molecular profile of the

spontaneously-induced tumors in the ACO-null mice was very

similar to that for liver tumors induced by the PPARa
activator ciprofibrate based on microarray analysis, indicating

that the mechanisms leading to the induction of the tumors

were similar in the ACO-null mice and mice treated with a

PPARa activator (Meyer et al., 2003). Additional mouse

models nullizygous for other genes involved in fatty acid

b-oxidation have been created that have phenotypes indicative

of constitutive PPARa activation (Jia et al., 2003) but

apparently have not been aged to evaluate background

tumor incidence. Importantly, a mouse model of hepatitis C

virus (HCV)-induction of hepatocellular carcinoma in which

the HCV core protein is overexpressed showed that PPARa
was required for liver tumor induction in 2-year-old mice

(Tanaka et al., 2008a,b). In these studies changes in a number

of the key events or modulating factors involved in the PPARa
MOA were similar to that of a typical PPARa activator

including induction of oxidative stress and increases in cell

proliferation. A common phenomenon that links these mouse

models is disruption of fatty acid transport and metabolism

resulting in increases in endogenous activators of PPARa
including fatty acids (Fan et al., 1998; Tanaka et al., 2008a,b).

Taken together, these results demonstrate that the PPARa
MOA is operational in the absence of exogenous chemical

exposure. PPARa activators, whether they are endogenous

nutritional components or exogenous chemicals, can activate

this MOA resulting in liver tumors.

Consideration of alternative modes of action

Before any hypothesized MOA can be defined as the primary

or most likely MOA for liver tumor induction, alternative

MOA(s) must be considered. Alternative MOAs for rodent

liver cancer include direct DNA damage, cytotoxicity/regen-

erative cell proliferation and activation of other receptor-

mediated MOA including CAR and AHR. Extensive testing

of PPARa activators has shown that these compounds do not

consistently induce direct DNA damage (discussed earlier)

and are not necessarily cytotoxic at concentrations in the

feed that induce PPARa (Klaunig et al., 2003). However, WY,

which is typically used in many experimental studies of the

PPARa MOA, has been noted to induce at least a low level

of cytotoxicity, an attribute that is thought to complicate

interpretation of the PPARa MOA (Guyton et al., 2009).

Two methods have been successfully used to evaluate the

contribution of other MOAs to chemical-induced liver

cancer: microarray analysis and Ppara-null mouse studies.

Microarray analysis can be used to simultaneously evaluate

the marker genes for receptors linked to other MOAs as well

as to evaluate those genes linked to key events. When used

in conjunction with receptor-null mice, microarrays are

especially powerful tools to identify the contribution of a

receptor in mediating transcriptional changes linked to key

events, modulating factors and associated events.

Comparisons in responses between treated wild-type

and treated Ppara-null mice have provided opportunities to

determine if chemical effects are PPARa-independent. PFOA
was analyzed for liver effects inwild-type andPpara-null mice.

At two doses tested (1 and 3mg/kg day), Ppara-null mice

lacked increases in cell proliferation but retained increases in

liver-to-body weights. At the highest dose tested (10mg/

kg day) Ppara-null mice had increases in cell proliferation

(Wolf et al., 2008). Microarray analysis showed that PFOA

altered �85% of the total number of genes in a PPARa-
dependent manner at 3mg/kg day. The PPARa-independent
genes exhibited signatures of activation of other nuclear

receptors. In particular, the PPARa-independent genes signifi-
cantly overlapped with those regulated by CAR, which

regulates cell growth and xenobiotic metabolism genes

including Cyp2b family members (Rosen et al., 2008a,b).

These CAR signature genes were more robustly regulated in

PFOA-treated Ppara-null mice compared to wild-type mice.

These findings indicate that CAR activation may be a key event

in the transcriptional and cell proliferation effects in Ppara-
null mice. In wild-type mice, there were relatively minor

alterations of CAR signature genes compared to the strong

changes in PPARa-dependent genes, indicating that CAR plays

a minor role and PPARa dominates in mediating PFOA effects

in wild-type mice (Rosen et al., 2008a,b).

As discussed earlier, the carcinogenic effects of DEHP

were examined in wild-type and Ppara-null mice for 22

months (Ito et al., 2007). A low level of liver tumors was

observed in Ppara-null but not wild-type mice leading some

to speculate that DEHP causes liver tumors in wild-type mice
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in a PPARa-independent manner (Guyton et al., 2009). One

explanation for the liver tumors in the Ppara-null mice is that

DEHP is contributing to the mechanism of the increases in the

spontaneous tumors observed (Takashima et al., 2008), as

control Ppara-null mice allowed to age to 1.5–2 years have

significant increases in spontaneous hepatocellular adenomas

and carcinomas compared to similarly aged wild-type mice

(Howroyd et al., 2004). The increases in tumors may be due to

the chronic steatosis consistently observed in these mice (see

references in Howroyd et al., 2004) progressing to steatohe-

patitis and promotion of foci. Ito et al. (2007) did note

increases in inflammatory cell infiltration in DEHP-exposed

Ppara-null mice that had tumors.

Another explanation for the liver tumors in the Ito et al.

(2007) study involves the activation of CAR by DEHP. DEHP

is an inducer of Cyp2b family members in wild-type mice

(Currie et al., 2005; Eveillard et al., 2009a,b; Ren et al.,

2010). Like PFOA, DEHP appears to more strongly activate

CAR-regulated genes in Ppara-null than in wild-type mice

(Ren et al., 2010). These results suggest that in the absence of

PPARa, DEHP activates CAR as the rate-limiting key event

resulting in increases in liver tumors by a CAR-dependent

pathway.

Functional antagonism between transcription factors

involved in opposing biological functions is a common

molecular mechanism for regulation of gene expression.

There is a growing body of evidence that PPARa and CAR

modulate each other’s activity. In the absence of PPARa
expression, CAR expression levels were increased (Martin

et al., 2007) and phenobarbital-induced hyperplasia was

greater in Ppara-null mice compared to that in wild-type mice

(Columbano et al., 2001). The transcript profiles of DEHP-

treated mice in the Ren et al. (2010) study showed that the

mRNA of a number of xenobiotic metabolizing enzymes

that are known CAR target genes were induced to a greater

extent by DEHP in Ppara-null mice than in wild-type mice.

An increase in CAR regulation of gene expression in the

absence of PPARa was also observed in a microarray

comparison between wild-type and Ppara-null mice after

treatment with PFOA (Rosen et al., 2008a,b) or PFOS

(Rosen et al., 2010). Conversely, absence of CAR may lead to

increased induction of PPARa-dependent responses. Car-null
mice exhibited increased hepatic fatty acid b-oxidation
typically controlled by PPARa; treatment of wild-type mice

with TCPOBOP decreased expression of PPARa mRNA as

well as PPARa target genes in liver (Maglich et al., 2009).

Interactions between PPARa and CAR could occur at a

number of levels. PPARa activators may act to antagonize

CAR function. Exposure to WY or ciprofibrate leads to

CAR nuclear localization but not to target gene induction

(Guo et al., 2007). PPARa and CAR may also compete for

a number of shared co-activators, including PPAR-binding

protein, PRIC320 and PGC1a (Corton & Brown-Borg, 2005;

Jia et al., 2005; Mäkinen et al., 2002; Surapureddi et al.,

2006), but apparently not the shared heterodimer partner,

RXR (Guo et al., 2007). Furthermore, CAR-RXR hetero-

dimers from mice and humans can bind and trans-activate at a

PPARa-RXR DNA-binding site; in humans, this transactiva-

tion does not require the CAR DNA-binding domain

(Guo et al., 2007; Stoner et al., 2007). Further work is

required to clarify the functional significance of PPARa and

CAR antagonistic effects. Potential interactions between other

MOAs that result in liver tumors have yet to be characterized.

In summary, there is evidence that PPARa activators induce

other pathways important in liver cancer. In particular,

exposure of Ppara-null mice to a number of compounds

results in CAR activation. However, for PFOA, PFOS and

DEHP, the contribution of CAR to the key events in the liver

tumor MOA in wild-type mice appears to be minimal, based in

part on the overwhelming majority of transcriptional effects

being PPARa-dependent and the relative modest induction of

CAR target genes. In the absence of PPARa, DEHP exposure

could lead to heightened CAR activation and liver tumors. For

a new chemical entity, determination of MOA should be based

on a systematic dose-dependent evaluation of marker genes for

receptor and non-receptor MOA as well as key events for liver

tumor induction (discussed below).

Summary of key data

This section summarizes the key data that support the

rodent MOA. The weaknesses of the data are identified and

classified in terms of their impact on the MOA. It should be

noted that only rat and mouse data are considered in the

evaluation of the key events in the MOA since the data sets

are most comprehensive for these species.

Key events

PPAR� activation

Evidence supporting PPARa activation as a key event:

� All PPARa activators or their metabolites activate

PPARa in in vitro trans-activation assays.

� The potency of PPARa activation is roughly propor-

tional to the potency of the chemical as an inducer of liver

tumor response (summarized in Klaunig et al., 2003).

� Alteration of hepatocyte-specific effects associated with

hepatocarcinogenesis is not observed in Ppara-null mice

(summarized in each section below).

� Chronic treatment with WY or bezafibrate produced

hepatocellular neoplasia in 100% of wild-type mice but

did not significantly increase the number of liver neo-

plasms in Ppara-null mice (Hays et al., 2005; Peters et al.,

1997).

Weaknesses of evidence:

� Background differences in fatty acid metabolism and

fatty acid associated diseases exist in Ppara-null mice

and may preclude their ability to respond with a

hepatoproliferative response. Minor – livers of Ppara-
null mice do respond to PPARb/d and PPARg activators

in a manner similar to PPARa activators in wild-type

mice (DeLuca et al., 2000). Hepatocytes from Ppara-null
mice can respond to WY proliferative signals if adjacent

to wild-type hepatocytes (Weglarz & Sandgren, 2004).

Livers from Ppara-null mice respond with a proliferative

response albeit delayed after a partial hepatectomy

(Anderson et al., 2002; Wheeler et al., 2003).

� Chronic bioassays in Ppara-null mice were not carried

out for the lifetime of the animals. Minor – even under

chronic exposure conditions, Ppara-null mice do not
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exhibit any of the phenotypic effects associated with WY-

or bezafibrate-induced hepatocarcinogenesis (Hays et al.,

2005; Peters et al., 1997).

� A chronic bioassay showed that DEHP caused liver tumor

induction in Ppara-null mice only. Minor – under these

exposure conditions, there were no increases in liver tumor

frequency in the wild-type mice. Additionally, wild-type

and Ppara-null mice exhibited differences in the expres-

sion of growth control genes that indicate that the tumors

arose by differentMOAs (Ito et al., 2007). Almost all of the

genes altered by DEHP in wild-type mice were PPARa-
dependent (Ren et al., 2010). Because DEHP induces the

key events in the PPARa MOA, the tumors in wild-type

mice arise via a PPARa-dependent MOA.

Alteration in cell growth pathways

Evidence supporting alteration of cell growth pathways as a

key event:

� Alteration of growth control genes by PPARa activators

was not observed in Ppara-null mice.

Weaknesses of evidence:

� Alteration of these growth control genes is not a specific

effect of PPARa activators. Minor – alteration of growth

control genes is important for increasing the number

of hepatocytes during the initial phase of exposure and

in altered hepatic foci.

� The precise mechanism for activation of growth control

genes is not known. Minor – identification of a precise

mechanism for increases in cell proliferation is not

needed in a MOA analysis.

Alteration of cell proliferation and apoptosis

Evidence supporting alteration of cell proliferation and

apoptosis as a key event:

� Most, if not all, PPARa activators increase cell prolif-

eration and decrease apoptosis.

� Increases in cell proliferation and decreases in apoptosis

by PPARa activators are not observed in Ppara-null mice.

Weaknesses of evidence:

� Nafenopin suppresses apoptosis in PPARa activator-

responsive (mouse, rat) and non-responsive (hamster,

guinea pig) species. Minor – these experiments were

carried out in primary hepatocytes, not intact animals.

Another study found that methylclofenapate did not

suppress apoptosis in guinea pig hepatocytes (see below

for a full discussion).

Clonal expansion of foci and tumors

Evidence supporting clonal expansion of foci and tumors as a

key event:

� Clonal expansion and the appearance of foci and tumors

by PPARa activators were not observed in Ppara-null
mice after exposure to WY or bezafibrate (Hays et al.,

2005; Peters et al., 1997).

Weaknesses of evidence:

� Tumor studies were not carried out for the lifetime of the

animals. Minor – no phenotypic effects associated with

carcinogenesis were observed in Ppara-null mice even

after chronic treatment.

� Only three chemicals have been used in the Ppara-null
bioassay. Minor – the activators used are pharmacologic-

ally, structurally and functionally diverse. MEHP, the

active metabolite of DEHP, is a pan-PPAR activator;

WY is a PPARa-selective activator and bezafibrate is a

PPARa/b activator. WY and bezafibrate demonstrated

similar effects in this assay.

� Liver tumors were observed in Ppara-null mice after

DEHP exposure. Minor – no tumors were observed

in wild-type mice and DEHP induced dramatically

different responses in the two strains, indicating that

the MOA for liver tumor induction is different in the

two strains.

Modulating factors

Increase in oxidative stress

Evidence supporting oxidative stress as a modulating factor:

� Oxidative stress was dependent on PPARa.
� Antioxidants suppressed oxidative stress after PPARa-

activator exposure.

� PPARa activators decrease liver antioxidants and anti-

oxidant enzymes.

� PPARa activators increased superoxide production in

Kupffer cells.

� Antioxidants suppressedNF-kB activation by ciprofibrate.

� Ectopic expression of ACO and associated oxidative stress

activates NF-kB and is inhibited by vitamin E and

catalase.

� There was decreased incidence and size of liver tumors

when PPARa activators were given in the presence of

antioxidants compared to PPARa activators alone.

Weaknesses of evidence:

� Vitamin E supplementation enhanced tumor formation by

ciprofibrate. Minor – vitamin E exposure led to depleted

pools of the antioxidant glutathione, making it likely that

there were increases in oxidative stress.

� ACO is dispensable for tumor induction. Minor – other

enzymes that generate oxidative stress are still active and

ACO-null mice generate oxidative stress.

� All sources of oxidative stress are not known. Minor –

oxidative stress likely comes from multiple sources.

NF-�B activation

Evidence supporting NF-kB activation as a modulating

factor:

� NF-kB activation was observed with multiple PPARa
activators under mostly acute exposure conditions.

� Activation of NF-kB upon PPARa-activator exposure

in rats and mice but not Syrian hamsters correlates

with hepatocarcinogenesis sensitivity (see below).

� Lower levels of cell proliferation and increased levels of

apoptosis were observed in p50-null mice after a 10-day

exposure to ciprofibrate.

� Liver tumors were not observed in p50-null mice exposed

to WY.

Weaknesses of evidence:

� The p50-null studies were performed with only two

activators in separate studies. Minor – the activators used
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(ciprofibrate and WY) have been extensively character-

ized as PPARa activators.

� The tumor study was not for the lifetime of the animals

and had low statistical power due to the small number of

animals in each group. Minor – a clear statistically

significant difference in tumor incidence was observed

between wild-type (67%) and p50-null mice (0%).

� Two studies did not find any NF-kB activation after

exposure.Minor – both studies came from the same lab and

examined NF-kB activation after only one acute dose of a

single PPARa activator at times up to 24 h after exposure.

Inhibition of gap junctional communication

Evidence supporting inhibition of gap junctional

communication:

� PPARa activators tested in vitro in primary cultured

rodent hepatocytes inhibit gap junctional cell-to-cell

communication.

� DEHP in vivo exposure to rats and mice resulted in a dose-

dependent decrease in dye coupling that on a dose basis

correlated with tumorigenicity in a chronic bioassay.

Weaknesses of evidence:

� While the blockage of cell-to-cell communication

appears to be a consistent feature of liver non-genotoxic

and tumor-promoting compounds, a definitive mechan-

istic role for the inhibition to the tumor process has

not been established (i.e. blockage of gap junctions

itself does not increase DNA synthesis or result in

tumors).

� Blockage of intercellular communication seems to be a

general effect of many non-genotoxic carcinogens and

not specific to PPARa activators.

Associated events

Evidence supporting alteration in lipid-metabolizing and

lipid transport enzymes as events associated with PPARa
activation:

� Alteration of lipid enzyme gene expression by PPARa
activators was not observed in Ppara-null mice.

� Effects were observed in ‘‘non-responsive’’ species

including humans and monkeys (see below).

� No plausible MOA links altered expression of lipid-

metabolizing genes and PPARa activator-induced liver

cancer.

Weaknesses of evidence:

� None noted.

Hypolipidemic effects

Evidence supporting hypolipidemic effects as associated with

PPARa activation:

� Decreases in triglyceride levels were not observed in

Ppara-null mice.

� Effects were observed in ‘‘non-responsive’’ species

including humans (summarized below).

� No plausible MOA links hypolipidemic effects and

PPARa activator-induced liver cancer.

Weaknesses of evidence:

� None noted.

Hill’s modified considerations for causality as they
relate to the hypothesized MOA

The Guidelines for Carcinogen Risk Assessment (US EPA,

2005), as well as the MOA/human relevance framework

(Boobis et al., 2006, 2008, 2009; Meek et al., 2003; Seed

et al., 2005) recommend that the weight of experimental

support for a hypothesized MOA be considered in the context

of the Bradford-Hill considerations, first proposed to address

causal associations in epidemiological studies but appropri-

ately modified for MOA analysis (Sonich-Mullin et al.,

2001). Therefore, we present below an evaluation of causality

for the proposed MOA and key events for PPARa-mediated

liver tumors described in the context of the Hill consider-

ations and MOA framework components.

Consistency of the MOA between chemicals

Central to the establishment of a MOA for PPARa activators

is demonstrating that the key events in this MOA are

associated with most if not all chemicals in this class of

compounds, rather than just a single PPARa activator that

may have unusual characteristics. Tables 5 and 6 summarize

the available chemical-specific data evaluating whether the

key events occur after exposure to 10 different PPARa
activators in rats and mice. The tables show that the weight

of evidence is consistent with a common MOA for PPARa
activators for which potency varies by chemical.

Nevertheless, it is important to note that not all chemical-

specific data are consistent with the proposed MOA, as would

be expected for chemicals of different potency. Thus, liver

tumors cannot be assumed to have been induced by a PPARa
MOA unless markers of key events have been evaluated and

other MOA have been ruled out.

Evidence showing the mechanistic linkage between the key

events of the MOA is discussed earlier. A number of studies

using Ppara-null, VP16PPARa and PPARa humanized mice

are summarized in Table 7. Studies that inhibit key events by

genetic means reveal the relationship of key events because

inhibition of one event blocks downstream events (discussed

earlier). Overall these studies are consistent with the

relationships between the key events in the PPARa MOA.

Species concordance

Additional support for the PPARa MOA comes from a com-

parison of responses in rats and mice to ‘‘non-responsive’’

species such as Syrian hamsters, guinea pigs and monkeys.

These data are summarized in Table 10 and discussed in detail

in the following sections. Overall, the data show that while

all species exhibit a hypolipidemic response and alterations

in lipid metabolism and transport genes, Syrian hamsters,

guinea pigs and monkeys exhibit little, if any change in

oxidative stress markers, NF-kB activation and alterations of

hepatocyte growth. Chronic bioassays in Syrian hamsters for

WY, nafenopin and DEHP were negative (Lake et al., 1993;

Maruyama et al., 1994). Overall, these data support the MOA.

Strength, consistency, specificity of association

A summary of the specificity and weight of evidence for each

key event in the MOA is found in Table 9. Overall, the data

show that only the activation of PPARa is specific to the

26 J. C. Corton et al. Crit Rev Toxicol, Early Online: 1–49



PPARa-activator MOA, whereas the other key events are

common to the neoplastic process in the rodent liver and as

such overlap in part with other rodent liver cancer MOAs

(including the CAR and AHR MOAs). Data supporting each

key event were determined to be strong (criteria included in

Table 9). It should be noted that the PPARa MOA, like other

MOAs, should be considered as a series of linked key events

that are unique and not the same as the MOAs by which CAR

and AHR activators induce liver cancer.

Dose–response concordance

We considered the correlation of dose with key events

and tumor formation, as well as the observation that

early key events are induced by doses at or below those

that cause the apical event, i.e. liver tumors. As detailed

in Figures 4–6 and Table 11, the proposed key events in

the MOA meet the Hill considerations for causality in

mice and rats for DEHP and gemfibrozil. In the case of

DEHP, the key events closer to the apical event (liver

tumor induction) require greater doses to induce the key

event. Gemfibrozil was another example of liver tumors

being induced at doses coincident with or higher than

those that induce PPARa. Finally, the induction of liver

tumors by TCA is at doses higher than those

required to induce either peroxisome proliferation or

PBOX (Corton, 2008).

Table 8. Summary of key chronic tumor bioassays in rodents treated with DEHP.

Study Liver tumors (tumors/animals examined)

Rat Dose

National Toxicology Program, 1982
F344 Rats

0 6000 12000 ppm diet

Female 0 294 589 mg/kg-day
NN 0/50 4/50 5/50
HCC 0/50 2/50 8/50

Male 0 235 475 mg/kg-day
NN 2/50 5/50 7/50
HCC 1/50 1/50 5/50

David et al., 1999
F344 Rats

0 100 500 2500 12000 ppm diet
Female 0 4.95 24.8 124 619 mg/kg-day

HCA 0/70 3/50 1/55 2/55 7/70
HCC 0/70 1/50 0/55 1/55 12/70

Male 0 3.96 19.8 99.0 495 mg/kg-day
HCA 0/70 0/50 1/55 3/55 20/70
HCC 4/70 5/50 3/55 7/55 20/70

Cattley et al., 1987
F344 Rats
Female 0 15.0 50.0 600 mg/kg-day

NN 0/20 1/20 1/20 4/20
HCC 0/20 0/20 0/20 2/20

Rao et al., 1987
F344 Rats
Male 0 800 mg/kg-day

NN 0/8 2/10
HCC 0/8 4/10

Study Liver tumors (tumors/animals examined)

Mouse Dose

National Toxicology Program, 1982
B6C3F1

0 3000 6000 ppm diet
Female 0 383 765 mg/kg-day

HCA 1/50 5/50 1/50
HCC 0/50 7/50 17/50

Male 0 353 713 mg/kg-day
HCA 6/50 11/49 10/50
HCC 9/50 14/49 19/50

David et al., 1999
B6C3F1

0 100 500 1500 6000 ppm diet
Female 0 12.9 64.4 193 773 mg/kg-day

HCA 0/55 1/50 3/55 8/55 30/55
HCC 3/55 2/50 3/55 10/55 14/55

Male 0 11.9 59.4 178 713 mg/kg-day
HCA 3/55 9/50 11/55 13/55 18/55
HCC 4/55 5/50 8/55 14/55 21/55

HCA, hepatocellular adenoma; HCC, hepatocellular carcinoma; NN, neoplastic nodule; ppm, parts per million.
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Temporal relationship

The temporal order of key events leading to the formation

of tumors (the apical event) is also an important consideration

in weight of evidence determinations for hypothesized

MOAs. The dose-temporality concordance table for DEHP

(Table 11) provides a review of data from two studies.

For PPARa activators in general, the temporal association

between the key events and tumors has been explored for most

of the activators listed in Tables 5 and 6. After exposure

to DEHP, increases in peroxisomal enzyme activity can be

detected within days of initiation of treatment (Barber et al.,

1987; David et al., 1999; Isenberg et al., 2000; Mitchell

et al., 1985). Enzyme activity levels rapidly reach a maximum

that is sustained for as long as treatment is continued

(David et al., 1999; Ganning et al., 1991; Isenberg et al., 2001;

Mitchell et al., 1985). Temporal association of cell prolifer-

ation/inhibition of apoptosis and tumors is not well estab-

lished for any compound, given the costs of carrying out an

extensive time course and dose response. However, bursts

in cell replication in rats and mice have been demonstrated

within the first 1–2 weeks of exposure (Conway et al., 1989;

David et al., 1999; Isenberg et al., 2001; James et al., 1998a,b;

Mitchell et al., 1985; Smith-Oliver & Butterworth, 1987;

and see Figures 6 and 7 above for gemfibrozil). Prolonged

cell replication, albeit at a low level, was demonstrated

in F344 rats exposed to DEHP for 1 year (although time

points between 1 and 52 weeks showed no sustained

response) (Marsman et al., 1988) and in B6C3F1 mice

exposed for up to 40 weeks (Ward et al., 1988). In the

Ward et al. (1988) study, the increase in cell proliferation

was associated with cytotoxicity at the 12 000 ppm dose.

Gemfibrozil showed cell proliferation at 13 weeks of

exposure (Figure 6D). Liver tumors were induced in mice

as early as 1 year for strong PPARa activators such as

WY (Peters et al., 1997), whereas weaker activators such

as DEHP require up to 104 weeks of exposure (David

et al., 1999).

In vivo data on tumor incidence, liver weight and per-

oxisome proliferation indicate that cessation of treatment may

arrest or alter the carcinogenic process. Hepatocellular

adenomas, but not hepatocellular carcinomas, noted at the

end of either 37 or 52 weeks of treatment with WY com-

pletely regressed by 104 weeks of study when treatment was

stopped at either the 37- or 52-week time points (Marsman &

Popp, 1994). Likewise, the tumor incidences were lower

in animals treated for 78 weeks with DEHP followed by a

control diet for another 26 weeks compared to animals treated

for the full 104 weeks (David et al., 1999). Thus, the temporal

relationships between exposure and tumorigenesis in the

context of the PPARa MOA key events are demonstrable

in mice and rats.

Biological plausibility and coherence

The hypothesized MOA must be consistent with current

scientific knowledge for the agent and the biology for

development of the apical outcome. PPARa activators have

been shown to cause sustained PPARa activation, altered

cell growth and preneoplastic changes, as well as tumors

in mice and rats. The hypothesized PPARa MOA is

supported by the key events and associated events,

consistent with the biology of carcinogenesis and the

events of tumor development (Hanahan & Weinberg,

2011). Increased cell/tissue growth is an integral feature

of tumor growth. While increased cell proliferation of

normal cells in a tissue contributes to the subsequent

development of tumors, preferential proliferation of cells

within preneoplastic lesions such as hepatocellular foci is

essential for tumor development and has been documented

in PPARa carcinogenesis.

Conclusion of the workgroup on the hypothesized

rodent MOA

The workgroup agreed that the weight of evidence for the

hypothesized MOA for PPARa-mediated liver cancer in mice

and rats is substantial, consistent and cohesive. Though there

are data gaps, identified uncertainties do not meaningfully

detract from the significant supporting database.

Relevance of PPARa agonist-induced rodent liver
tumor response to humans

Given the weight of evidence indicating that PPARa
agonists induce rodent liver tumors through a PPARa-
dependent mechanism, a PPARa agonist risk assessment

must consider whether humans would respond in a manner

similar to mice and rats. The workgroup considered the

following question: Are the key events in the rodent (mice

and rats) plausible in humans? The workgroup agreed

that the weight of evidence suggests that this MOA would

be plausible in humans since humans possess PPARa
at sufficient levels to mediate the human hypolipidemic

response to therapeutic fibrate drugs (Table 12). The human

PPARa is comparable to the rat or mouse PPARa in its

overall structure and affinity for PPARa ligands. Human

liver also has the ability to respond to stressors that lead to

alteration in cell growth pathways and perturbation of cell

growth and survival. Although preneoplastic foci are a rare

finding in humans, liver cancer is the fifth most commonly

observed cancer in the world. Thus, while previous studies

Table 9. PPARa agonists: animal mode of action key events.

Key event Specificity
Animal
evidence

1. Activation of PPARa High Strong
2. Alteration in cell growth pathways Low Strong
3. Perturbation of cell growth and survival Low Strong
4. Clonal expansion of preneoplastic foci Low Strong
5. Liver tumors Low Strong

Key event: required steps for PPARa MOA, based on empirical animal
evidence

The specificity of each key event to PPARa-induced rodent hepatic
tumors is considered high if it is unique to this MOA and low if not.
However, it is the combination of all key events that supports the
‘‘uniqueness’’ of the specific MOA.

Animal evidence was determined to be ‘‘strong’’ if several studies
support that key event as part of the MOA, preferably with multiple
PPARa agonists from multiple laboratories, with limited evidence of
contradiction. Evidence is considered ‘‘weak’’ if only a single study
with a single PPARa agonist from a single laboratory supports that key
event or if a significant amount of contradiction appears in the
literature.
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have not shown a linkage between PPARa activation and

increase in liver growth in humans, a specific point in the

rat/mouse key events cascade where the pathway is

biologically precluded in humans could not be identified.

The workgroup then addressed the last question in the

human relevancy framework: taking into account kinetic and

dynamic factors, is the rodent MOA plausible in humans?

As the epidemiological evidence that humans are resistant to

Table 11. Dose response and temporality concordance for key events in the PPARa MOA for DEHP.

In
cr
ea
si
n
g
d
o
se

Temporal

Key event 1 Key event 2 Key event 3 Key event 4

Dose
(ppm in
diet)

PPAR a
activation

Alteration
in cell
growth
pathways

Perturbation of cell growth
and survivala

Clonal
expansion of
preneoplastic

foci

Tumors

(Immediate) Days Days Months Years

Total
DNA

synthesis

Periportal
DNA

synthesis

Centrilobular
DNA

synthesis
Hepatic
Adenoma

Hepatic
Carcinoma

Total
Neoplasms

0 –
100 –
500 þ – þ/� þ/�

1000 þ þ/�
2500 þ þ þ þ/� þ
6000 þ þ þ þ þ

12 500 þ þ þ þ þ þ þ þ
20 000 þ þ þ

Date from Isenberg et al., Tox Sci, 2000 and David et al., Tox Sci, 1999.

Table 12. Comparative analysis of rodent and human data – liver tumors.

Causal key events
Plausible in
humans?

Taking into account kinetic
and dynamic factors, is the

key event plausible in
humans? Comments

1. Activation of PPARa Yes Yes PPARa is a target of human hypolipidemic drugs
2. Alteration in cell

growth pathways
Yes Unknown Human liver has the capacity to regenerate. There is abundant

evidence that a number of pathways are involved
3. Perturbation of cell

growth and survival
Yes Not likely but plausible Not seen in independent studies of human hepatocytes in vitro;

not measured in vivo; not seen in non-human primates in vivo or
in vitro; not seen in guinea pigs; lack of or inconsistent effects
in hamsters

4. Selective clonal
expansion of preneo-
plastic foci

Yes Not likely but plausible No response in hamsters, hepatic foci are a rare finding in humans

5. Liver tumors Yes Not likely but plausible Not measured in livers of humans exposed to PPARa activators;
no tumors in hamsters with expression of PPARa intermediate
between mice/rats and humans; no evidence of liver tumors in
people exposed to hypolipidemic PPARa activators for up to
13 years

Figure 7. Dose–response relationships of PCO, liver to body weights and hepatocyte proliferation after exposure to gemfibrozil at the indicated dose
levels in the feed for 13 weeks. Results were from the Cunningham et al. (2010) study. EC50 values are in ppm gemfibrozil in the diet.
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liver cancer induction by hypolipidemic drugs is inconclusive

(see below), data concerning human susceptibility to liver

cancer from PPARa agonist exposure must come primarily

from species comparisons of short-term responses in the liver

including peroxisome proliferation, hepatocyte proliferation,

induction of various hepatic enzymes, as well as consideration

of PPARa function and expression. In the following section,

the properties of PPARa and associated responses in the livers

of rodents and primates are compared with an emphasis on

human data, if available. Overall, the weight of evidence

demonstrates that humans respond to PPARa agonists quan-

titatively differently than mice and rats in that the typical

markers of PPARa agonist exposure associated with hepato-

carcinogenesis in mice and rats are absent in humans and/or

species (including hamsters, guinea pigs and cynomolgous

monkeys) that are more appropriate human surrogates than

mice and rats at comparable doses.

While the key events in the animal (mouse and rat) MOA

may be biologically plausible in humans, the workgroup

considered the scientific evidence sufficient to conclude that

there are significant quantitative toxicodynamic differences

between rats and mice and humans or human surrogates.

Lines of evidence supporting this presumption include

minimal or no effects on peroxisome proliferation, peroxi-

somal enzyme activity, increases in oxidative stress and NF-

kB activation in human hepatocytes or human surrogate

species. Importantly, in comparative side by side studies of

effects of various peroxisome proliferators, human hepato-

cytes do not respond with increases in cell proliferation while

parallel studies showed increases in proliferation of rat

hepatocytes. Since a specific molecular mechanistic explan-

ation has not been identified for the absence of a proliferative

effect in humans following PPARa activation, the workgroup

members had differing opinions regarding the potential

magnitude of the quantitative difference. The majority of

the workgroup members felt that the quantitative difference in

sensitivity between species was sufficiently large to support a

conclusion that the rodent MOA was ‘‘not relevant to

humans’’ for all conceivable, though currently uncharacter-

ized exposure scenarios. Other members of the workgroup felt

that the data gaps on the mechanisms of differing cell growth

response in humans versus mice and rats are sufficient to

decrease the overall confidence in the ability to definitively

determine the extent of the quantitative difference and thus

preferred a conclusion that the MOA is ‘‘unlikely to be

relevant to humans’’. The data supporting the workgroup’s

conclusion are described in detail below.

Species differences in the PPAR� MOA

Studies conducted in numerous test species indicate that

while some rodents (mice and rats) are responsive to PPARa
activator-induced liver cancer and associated responses, other

species (e.g. Syrian hamsters, guinea pigs, New and Old

World primates and humans) are less sensitive (Ashby et al.,

1994; Bentley et al., 1993; Cattley et al., 1998; Doull et al.,

1999). These differences could be due in part to differing

levels of PPARa expression among species. In a side-by-side

comparison, mice had �3-fold more PPARa mRNA than

Syrian hamsters and �10-fold more PPARa mRNA than

guinea pigs (Choudhury et al., 2004). Humans exhibited

510% of (�10-fold lower) protein expression than mice and

rats (described in greater detail below). Thus, guinea pigs are

likely to be a more relevant model for PPARa activator effects

in the human liver based on expression levels of PPARa
mRNA. It should be noted that mRNA levels do not always

parallel levels of functional protein. (Differences in the

potency and efficacy of the ligands in PPARa orthologs are

discussed below.

Table 10 summarizes PPARa MOA key events in rats and

mice compared to Syrian hamsters, guinea pigs, Cynomolgus

monkeys and humans. Owing to the relative paucity of data

for key events in species other than rats and mice, as

identified by the workgroup, other endpoints more commonly

measured in these studies and associated with exposure to

PPARa activators are included (i.e. liver weight to body

weight, hypolipidemic effects).

A partial PPARa activator response is observed in Syrian

hamsters and guinea pigs even though they are often

considered ‘‘non-responsive species’’ compared to rats and

mice. Fatty acid metabolism genes/proteins are only weakly

activated after PPARa activator exposure in the livers of these

species. Diminished responsiveness in guinea pigs is not due

to a defective PPARa, because when overexpressed in cell

lines, the guinea pig PPARa activates PPRE-linked reporter

genes to levels comparable to rats and mice (Bell et al., 1998;

MacDonald et al., 1999; Tugwood et al., 1998). PPARa
activators WY and methylclofenapate decrease triglycerides

or VLDL-triglycerides in Syrian hamsters and guinea pigs.

Five of the six PPARa activators examined increased liver-

to-body weights in Syrian hamsters, but only one chemical

out of seven examined increased liver-to-body weight ratios

in guinea pigs. For that chemical (perfluorodecanoic acid),

there was conflicting evidence of increases. Species differ-

ences were also observed for hepatocyte proliferation. Studies

measuring changes in cell proliferation in Syrian hamsters

showed a weak response, no response or inconsistent

results. Several studies showed that guinea pigs did not

exhibit increases in cell proliferation after exposure to four

different chemicals. Syrian hamsters exhibited suppression

of apoptosis after exposure to nafenopin and guinea pigs

exhibited suppression of apoptosis with nafenopin but no

change with methylclofenapate. WY does not activate NF-kB
in hamsters, indicating that this response is species specific.

Cancer bioassays performed in Syrian hamsters with nafeno-

pin, WY and DEHP were negative (Lake et al., 1993;

Schmezer et al., 1988). In summary, although Syrian hamsters

and to a lesser extent guinea pigs exhibit changes in endpoints

associated with PPARa activation (hypolipidemic effects and

changes in fatty acid metabolizing enzymes), they do not

exhibit consistent changes in the key events associated with

the PPARa activator MOA for liver cancer in rats and mice.

These differences may be due to the lower levels of PPARa
in these species as noted earlier.

In vitro and in vivo data on Cynomolgus monkeys

(Table 10) and on other species of monkeys (marmoset,

Rhesus) indicate that the key events after PPARa activation

do not occur in monkeys. Palmitoyl-CoA oxidase activity was

evaluated in monkeys after in vivo exposure to a variety of

PPARa activators (e.g. bezafibrate, clofibrate, DEHP, MEHP,
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fenofibrate, nafenopin and LY171883) and changes were

minimal or non-existent relative to controls (Klaunig et al.,

2003). Moreover, Cynomolgus monkeys exposed to DEHP,

di-isononyl phthalate (DINP) or clofibrate failed to exhibit an

increase in hepatocyte proliferation (Doull et al., 1999; Pugh

et al., 2000). Cynomolgus monkeys treated for 2 weeks with

clinically relevant doses of the PPARa activators fenofibrate

or ciprofibrate exhibited increases in the number of hepatic

peroxisomes but not peroxisome area (Hoivik et al., 2004).

In this study, ciprofibrate but not fenofibrate significantly

increase liver-to-body weights in the absence of hepatocyte

proliferation. In a follow-up to this study, transcript profiling

was used to characterize the genes altered by ciprofibrate

exposure (Cariello et al., 2005). Many genes involved in fatty

acid metabolism and mitochondrial oxidative phosphorylation

exhibited increased expression reflecting the known effects

of exposure on lipid metabolism. The magnitude of induction

in the b-oxidation pathway was substantially less in monkeys

compared to mice and rats. Consistent with the lack of

hepatocyte proliferation, the expression of a number of key

regulatory genes was down-regulated, including members

of the JUN, MYC and NF-kB families. In contrast, JUN and

MYC gene expression was increased in rats after PPARa
activator treatment (Hsieh et al., 1991). No transcriptional

signature for DNA damage or oxidative stress was observed.

Lastly, marmosets exposed for 6.5 years to clofibrate at

clinically relevant high doses (94mg/kg day or higher) did not

develop liver tumors over the duration of this study (Tucker &

Orton, 1995). (It should be noted that the duration of this

study did not represent a lifetime exposure.) Taken together,

these studies indicate that there is no evidence that the key

events in the rodent MOA for liver tumors have been observed

in primates treated with PPARa activators at doses similar to

which mice and rats have been exposed.

Humans are non-responsive to many of the effects of

PPARa activators seen in mice and rats. Liver weights were

not increased in patients treated with fenofibrate (Gariot et al.,

1987). Liver biopsies from humans treated with hypolipi-

demic drugs or primary human hepatocytes treated with

PPARa activators were almost uniformly negative for

peroxisome proliferation (reviewed in Bentley et al., 1993).

In only one out of five studies was there a statistically

significant increase in peroxisome number (�50%), in the

absence of a corresponding increase in volume of peroxi-

somes (Blumcke et al., 1983; De La Iglesia et al., 1982;

Gariot et al., 1983; Hanefeld et al., 1980, 1983).

In contrast to the studies in rat and mouse hepatocytes

demonstrating increases in proliferation and suppression of

apoptosis (discussed earlier), there is no evidence that PPARa
ligands induce cell proliferation or suppress apoptosis in

human hepatocytes in vitro (Goll et al., 1999; Hasmall et al.,

1999, 2000b; Perrone et al., 1998; Williams & Perrone,

1995). These data are derived from seven chemicals tested

in multiple labs over multiple studies. Most of these studies

were performed in parallel with rat primary hepatocytes that

responded with increases in cell proliferation and decreases

in apoptosis. Thus, human hepatocytes have no response

while rat hepatocytes increase proliferation a maximum of

�2-fold in these studies. While there are no data on human

hepatocyte proliferation in vivo, non-human primate data

from in vivo and in vitro studies collectively show that cell

proliferation is not induced by PPARa activators (Table 10

and reviewed in Doull et al., 1999). In summary, the available

data do not show that PPARa activators alter apoptosis and

proliferation in human hepatocytes at any dose.

Several large retrospective epidemiological studies have

examined the relationship between chronic treatment with

lipid-lowering PPARa activators gemfibrozil and clofibrate

and liver cancer (reviewed in Peters et al., 2005). No elevated

risk of mortality from liver cancer has been reported in any of

the published reports on the health outcomes associated with

over a decade of chronic use of these pharmaceuticals to treat

large human cohorts (Frick et al., 1987; Huttunen et al.,

1994). An exception is one cohort, in which excess mortality

due to a higher incidence of the malignant neoplasms of the

‘‘liver, gallbladder and intestines’’ was reported in clofibrate-

treated subjects (Report from the Committee of Principal

Investigators, 1978); however, death rates among the

clofibrate-treated group for cancer were similar to the official

mortality statistics for individuals from the same area, the

number of observed cases of gastrointestinal cancers was very

small and there was no difference among groups in a follow

up analysis of the mortality trends in this cohort. Although

human studies have not collectively shown an association

between liver cancer and PPARa activator exposures, the

argument is sometimes made that the studies were not

‘‘lifetime’’ exposures and thus not meaningful. However,

fibrates have been on the market since 1977 and statins since

1987 for the control of hypercholesterolemia without an

apparent increase in liver cancer in people taking them

chronically.

Molecular basis of species differences

In the following sections, the properties of PPARa and

associated responses in the livers of mice and rats are

compared to primates with an emphasis on human data, if

available. The weight of evidence demonstrates that humans

respond to PPARa activators differently than mice and rats

in that many of the typical markers of PPARa activator

exposure associated with hepatocarcinogenesis in mice and

rats are absent in humans. Differences in the properties of

PPARa, including structure, function and expression, are

likely to determine the underlying basis for human-rodent

differences in the biological effects of PPARa activators.

The properties of mouse and rat PPARa versus human PPARa
in liver are summarized in Table 13.

Expression of the PPAR� gene and protein

PPARa expression is the factor most often cited for

determining species-specific differences in PPARa activator

responsiveness. Palmer et al. (1998) used EMSA to determine

the level of PPARa protein that binds to a PPRE from the

CYP4A6 gene. In seven lysates from individual human livers

in which PPARa could be detected by the assay, the amounts

were �10-fold lower than those detected in the livers of CD-1

or BALB/cByJ mice. For the remainder of the 13 individual

human livers, the amounts were below detection (420-fold

less than mouse liver). A 3-fold variation in the expression of

the full-length PPARa mRNA between human samples was
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noted. Rakhshandehroo et al. (2009) performed microarray

analysis on mouse and human hepatocyte cultures treated

with WY. They found that PPARa mRNA was only slightly

lower in human liver compared to mouse liver. This study did

not evaluate protein expression or expression of the truncated

form of PPARa (discussed below). Overall, the data suggest

that PPARa protein may be expressed at lower levels in

human liver than in rodent liver. However, additional studies

using a greater number of samples and controlling for protein

degradation are warranted.

Truncated PPAR�

An apparently common variant of PPARa has been identified

in a number of labs and is called hPPARa-8/14 (Tugwood

et al., 1996), hPPARSV (Palmer et al., 1998), PPARatr
(Gervois et al., 1999) and PPARa2 (Hanselman et al., 2001).

This truncated form lacks exon 6 as a result of alternative

splicing, resulting in premature termination of the protein.

The resulting hPPARa lacks the hinge region and ligand-

binding domain. This form acts as a dominant negative,

inhibiting the ability of the wild-type receptor to activate

transcription, possibly by titrating out limiting amounts of

co-activators (Gervois et al., 1999). The level of the mRNA

of this form ranges from 10% to 50% of full-length

hPPARa mRNA (Gervois et al., 1999; Hanselman et al.,

2001; Palmer et al., 1998; Roberts et al., 2000) similar to

that in Cynomolgus monkeys (Hanselman et al., 2001). In

comparison, the level is below 10% in mice and rats

(Hanselman et al., 2001).

Differences in ligand activation

Human PPARa is generally less sensitive than rodent

PPARa to chemical activation. Most compounds activate

the rodent (mouse or rat) receptor better than the human

receptor or exhibit no differences between species. A number

of hypolipidemic agents and environmentally-relevant chem-

icals were able to activate rat or mouse PPARa at lower

concentrations or to higher absolute levels than human

PPARa in side-by-side trans-activation studies. These

PPARa activators include WY (Keller et al., 1997; Maloney

& Waxman, 1999; Takacs & Abbott, 2007), PFOA (Maloney

& Waxman, 1999), perfluorooctanesulfonate (Shipley et al.,

2004; Takacs & Abbott, 2007) and a number of phthalate

ester metabolites (Bility et al., 2004; Lapinskas et al., 2005).

Some PPARa activators show no differences in activation

between mouse and human PPARa, including TCA, dichlor-

oacetate, 2-ethylhexanoic acid (Maloney & Waxman, 1999),

a number of phthalates (Bility et al., 2004), clofibrate (Keller

et al., 1993) and PFOA (Vanden Heuvel et al., 2006).

Perfluorooctanesulfonamide (Shipley et al., 2004) was shown

to modestly activate the human but not the rodent PPARa at

one lower dose (25mM versus 34 mM in human versus mouse,

respectively). However, an experimental hypolipidemic drug

[compound 1 (3-chloro-4-((3-((3-phenyl-7-propyl-1-benzo-

furan-6-yl)oxy)propyl)thio)phenyl)acetic acid] (Merck

Research Laboratories, Rahway, NJ) was shown to activate

the human PPARa at much lower doses than the mouse

PPARa (EC50¼ 16 nM versus 410 mM for human versus

mouse, respectively) (Lawrence et al., 2001a,b), demonstrat-

ing that compounds exist that are potent activators of human

PPARa that would be considered weak PPARa activators in

rodent studies. Overall, the data indicate that human PPARa
is generally less sensitive than the mouse or rat PPARa to

activation by environmentally-relevant PPARa activators.

Allelic variants of human PPAR�

The full-length human PPARa is indistinguishable from the

rodent PPARa in overall structure (Mukherjee et al., 1994;

Sher et al., 1993; Tugwood et al., 1996). However, a number

of allelic variants of human PPARa have been isolated which

possess properties different from the original cloned human

PPARa. The L162V variant containing an amino acid change

in the DNA-binding domain is found at an allelic frequency

of �0.025–0.073 in an ethnically diverse set of populations

Table 13. Properties of rodent (rat and mouse) PPARa versus human PPARa in liver.

Property Rodent (rat/mouse) Human
Impact on responsiveness to PPARa activators in

humans compared to mice and rats

Truncated PPARa (deleted
exon 6)

Below 10% of total PPARa 10–50% of total PPARa Decreased responsiveness

Allelic variants None identified L162V Exhibits greater ligand-induced activity at higher
doses compared to the wild-type receptor;
found at high frequencies in some populations

V227A Decreased responsiveness; rare variant
‘‘6/29’’ Decreased responsiveness; acts as a dominant

negative; very rare variant
Basal expression of PPARa High in liver �10% of mice based on one

study
Much lower responsiveness

Inducibility by environ-
mentally-relevant
ligands

Chemical-specific range of
responsiveness

Some differences with
rodent activation noted
leading to decreased
activation

Equal or decreased responsiveness

Regulation of hypolipi-
demic response

Intact Intact No difference in endpoint but different genes may be
regulated in different species

Regulation of liver growth Intact No evidence No response in humans because of fundamental
differences in spectrum of genes regulated;
hPPARa does not regulate cell proliferation
in mice
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(Flavell et al., 2000; Lacquemant et al., 2000; Tai et al.,

2002). In subjects from Northern India, this allele is found

at high frequencies (0.745) (Sapone et al., 2000). The human

PPARa L162V variant exhibits no response to low doses

of WY but greater ligand-induced activity (up to �4-fold) at

higher doses compared to the wild-type receptor (Flavell

et al., 2000; Sapone et al., 2000). Humans carrying this

variant exhibit a greater decrease in total serum cholesterol to

the hypolipidemic bezafibrate (Flavell et al., 2000). Three

different Asian populations carry a PPARa variant (V227A)

within the hinge region between the DNA binding and ligand

binding domains at frequencies of 0.003–0.051 (Chan et al.,

2006; Yamakawa-Kobayashi et al., 2002). This allele has been

associated with decreases in serum cholesterol and triglycer-

ides in a Japanese population (Yamakawa-Kobayashi et al.,

2002) and in Chinese women (Chan et al., 2006). Because of

increased interactions with the nuclear receptor co-repressor

(NCoR), the V227A variant exhibited decreased responsive-

ness to PPARa activators (Liu et al., 2008). The human

PPARa-6/29 variant containing four amino acid substitutions

is a dominant negative that binds to a PPRE but cannot be

activated by PPARa activators (James et al., 1998a). This

variant is likely very rare, as it was not detected in any of the

173 human subjects from two studies (Roberts, 1999; Sapone

et al., 2000). Overall, some PPARa allelic heterogeneity

exists in human populations, but no variants have been

identified that exhibit differential sensitivity to low, environ-

mentally-relevant doses of PPARa activators compared to the

‘‘wild-type’’ human receptor.

Differences in transcriptional networks controlled by

human and rodent PPAR�

Transcriptional networks controlled by PPARa are different

between humans and mice and rats, and these differences

likely underlie species-specific differences in key events in

the PPARa MOA. Humans and mice and rats do share

hypolipidemic effects of PPARa activators as described

earlier but may achieve this beneficial effect through regu-

lation of different gene sets. A number of genes are likely

responsible for the therapeutic hypolipidemic effects of

PPARa activators in humans. Many of these genes have

functional PPREs that are transcriptionally regulated by

human PPARa, including apolipoprotein (apo) C-III (Hertz

et al., 1995), lipoprotein lipase (Schoonjans et al., 1996a,b),

apo A-I (Vu-Dac et al., 1994), apo A-II (Vu-Dac et al., 1995)

and carnitine palmitoyl transferase-I (Mascaro et al., 1998).

Human PPARa activation of apolipoprotein A-II and lipo-

protein lipase transcription and suppression of apolipoprotein

C-III expression are key to lowering serum triglycerides

(Auwerx et al., 1996a,b; Staels et al., 1997; Vu-Dac et al.,

1995). Human apolipoprotein C-III can be downregulated

by fibrates in cultured human hepatocytes in the absence of

changes in PPARa target genes encoding peroxisomal

enzymes including ACO, bifunctional enzyme and thiolase

(Lawrence et al., 2001a). Stably transfected HepG2 cells

expressing either human or murine PPARa at levels similar

to rodent liver respond to fibrates by increased expression of

HMG-CoA synthase and carnitine palmitoyl transferase-I

(CPT-I), but lack the typical robust induction of rodent

PPARa targets, i.e. ACO, bifunctional enzyme or thiolase

(Hsu et al., 2001; Lawrence et al., 2001a; Tachibana et al.,

2005). Thus, PPARa activation may lower lipid levels in

humans and rodents through regulation of different sets of

genes.

Much of the early work examining species differences

focused on ACO expression due to the hypothesized role of

ACO in oxidative stress-induced liver cancer. Unlike the large

increases in the expression of marker mRNAs and proteins

that are found in rodent primary hepatocytes treated with

PPARa activators in vitro, very minor increases, if any, are

observed in human primary hepatocytes (Bichet et al., 1990;

Cornu-Chagnon et al., 1995; Duclos et al., 1997; Elcombe,

1985; Elcombe et al., 1996; Goll et al., 1999; Hasmall et al.,

1999, 2000b; Perrone et al., 1998). ACO mRNA in liver

biopsy samples from 48 patients treated with one of several

fibrates (bezafibrate, fenofibrate or gemfibrozil) was not

induced despite significant induction of hepatic apolipopro-

tein A-I mRNA and lowering of serum lipids following

treatment (Roglans et al., 2002). The relatively weak

increases in ACO observed in human primary hepatocytes

are in stark contrast to the robust inductions observed in the

livers of mice and rats exposed to PPARa activators

(summarized in Klaunig et al., 2003).

Species differences in sensitivity to PPARa activators may

be explained in part by differences in the structure of the

promoter regions that regulate the expression of target genes.

The lack of robust ACO induction in human livers and

primary human hepatocytes may be attributable to an inactive

PPRE. A functional PPRE was characterized in the human

ACO gene promoter (Varanasi et al., 1996). The existence

of the PPRE was challenged by subsequent studies which

showed that the same PPRE is inactive in in vitro trans-

activation assays and that the sequence differs from that

originally reported at three positions (Woodyatt et al., 1999).

Little heterogeneity exists within the human ACO PPRE as

the same altered PPRE sequence was found in all 22 unrelated

humans that were investigated as well as in the human

hepatoblastoma cell line HepG2 (Woodyatt et al., 1999). The

activity of the PPRE in the Varanasi et al. (1996) study could

be explained by the fact that the authors had to use very high

concentrations of the four compounds tested to observe

activation at the PPRE (EC50 values were4500 mM). If these

concentrations were toxic, a flat line of reporter gene activity

divided by fewer cells from increasing cell death with rising

concentration of compound would give an artificial concen-

tration-dependent rise in reporter gene activity. A non-

functional PPRE in the ACO promoter would be consistent

with studies showing little, if any induction of the ACO gene/

protein expression upon exposure to PPARa activators in

human primary hepatocytes.

Microarray-based analyses of gene expression have

revealed differences and similarities in patterns between

mice and rats and humans after PPARa-activator exposure.

Expression of genes of the cytosolic, microsomal and

mitochondrial pathways involved in fatty acid transport and

metabolism were increased by clofibrate in both rodent

and human hepatocyte cultures, whereas expression of genes

of the peroxisomal pathway of lipid metabolism were

increased only in rats (Richert et al., 2003). In the

DOI: 10.3109/10408444.2013.835784 MOA and HRF: the PPAR� case study 35



Rakhshandehroo et al. (2009) study mentioned earlier, mouse

and human hepatocyte cultures were treated with WY for 6 or

24 h. To minimize potential statistical bias, the diversity of the

six human donors was mimicked by performing the equivalent

mouse experiment in primary hepatocytes from six different

mice varying in age, sex and genetic background. The salient

findings of the study include: (1) a number of genes involved

in peroxisomal fatty acid oxidation, including the prototypical

PPARa targets ACOX1, ECH1, PEX11A and ACAA1, are

commonly induced by PPARa in mouse and human hepato-

cytes while numerous other peroxisomal genes, including

Ehhadh, Pxmp4, Acot4 and Peci, are specific for mouse; (2)

regulation of apolipoprotein A by PPARa is specific for

humans, which very likely accounts for the human-specific

induction of plasma HDL levels by fibrates; (3) genes

belonging to the Cyp4a class are exclusively regulated by

PPARa in mice, while genes belonging to CYP classes 1–3

are specifically regulated by PPARa in humans and (4) while

no analysis was made of mouse-specific genes involved in cell

proliferation, a number of pathways were found to be

specifically induced in mouse hepatocytes, including gly-

colysis/gluconeogenesis, pentose phosphate pathway and

glycerolipid metabolism. Lastly, it should be noted that

Tamura et al. (2006) have reported comparisons in global

gene expression between intact rats and primary rat hepato-

cytes treated with PPARa activators as part of the TG-GATE

toxicogenomics project; the parallel human primary hepato-

cyte data using the same compounds are publically available,

but an analysis has not been published.

The human PPARa does not possess all of the functions

of the rodent PPARa including the ability to regulate cell

proliferation. Two mouse strains have been created that

express the human PPARa in the absence of mouse PPARa
(PPARa humanized mice) (Table 7). In the TRE-hPPARa
mouse, PPARa is under the control of a liver-specific

promoter and is preferentially expressed in hepatocytes

(Cheung et al., 2004); the cellular location of human

PPARa expression in the PPARa humanized mouse corres-

ponds to the location of mouse PPARa expression in wild-

type mice, i.e. in hepatocytes but not Kupffer cells (Peters

et al., 2000). The other transgenic PPARa humanized mouse

contains a 211-kilobase region encoding the regulatory and

structural regions of the human PPARa gene. In this model,

human PPARa is expressed in the same tissues as those of the

mouse PPARa (Yang et al., 2008). Both PPARa humanized

mouse strains do not respond to a PPARa activator (WY) in

the same manner as wild-type mice, even though both strains

express human PPARa to levels comparable to mouse PPARa
in wild-type mice. The humanized mice exhibit increases in

peroxisome proliferation, decreases in serum total triglycer-

ides and normal activation of lipid metabolism genes

including those involved in peroxisome proliferation.

However, these mice do not exhibit the increased expression

of cell cycle genes or increased hepatocyte proliferation in

response to a PPARa activator as do wild-type mice (Cheung

et al., 2004; Morimura et al., 2006; Yang et al., 2008). In a 38-

to 44-week exposure study with WY, the TRE-hPPARa mice

were also resistant to liver cancer. Wild-type mice but not

humanized mice exhibited a significant increase in liver

tumors despite the fact that the humanized mice were exposed

6 weeks longer than the wild-type mice to the compound

(Morimura et al., 2006). These studies show that human

PPARa is pharmacologically active but does not regulate the

full spectrum of responses necessary for hepatocarcinogenesis

in mice and rats.

The molecular basis for differences between mouse and

human PPARa may be species differences in the ability of the

receptors to interact with transcriptional co-regulator proteins.

Co-activators convey the transcriptional activation of the

ligand-induced nuclear receptor to the transcriptional machin-

ery in a ligand- and gene-specific manner. Elegant biochem-

ical and crystallographic analyses have shown key

interactions between co-activators and the ligand binding

domains of nuclear receptors including PPAR family mem-

bers (Li et al., 2008; Xu & Li, 2008). The mouse and rat

PPARa ligand binding domains (LBD) do possess amino acid

differences with human PPARa LBD (Mukherjee et al., 1994;

Sher et al., 1993; Tugwood et al., 1996) and these differences

may determine differences in the ability of the PPARs to

interact with co-regulators. Feige et al. (2010) tested the

ability of human and mouse PPARa to interact with a number

of co-repressors and co-activators. In the presence of WY,

mPPARa and hPPARa shared a similar pattern of inter-

action with co-regulators, releasing NCoR (nuclear receptor

co-repressor 1) and efficiently recruiting Med1 (mediator

complex subunit 1), PGC-1a (peroxisome proliferator-

activated receptor-g coactivator 1a) and to a lesser extent

p300 (E1A binding protein p300). MEHP, the active metab-

olite of DEHP, on the other hand induced a partial release of

NCoR with both receptors but failed to induce the ligand-

dependent recruitment of the co-activators Med1, p300 and

PGC-1a to mouse PPARa. In contrast, all three co-activators

were efficiently recruited by the human receptor in the

presence of MEHP, at a level very close to that observed with

WY. Thus, amino acid differences in the LBD between mice

and humans may uncouple receptor co-activator interactions

in humans required for cell proliferation gene regulation while

retaining those important in lipid metabolism gene regulation.

Alternatively, differences in miRNA regulation may contrib-

ute to species differences, as the ability to regulate the let-7c

cascade is lost in humanized mice in response to a PPARa
activator (Yang et al., 2008).

Conclusions

Although humans have been regularly exposed to PPARa
agonists through administration of hypolipidemic pharma-

ceuticals, the available epidemiological evidence is inconclu-

sive as to whether such exposure increases the incidence of

liver cancer. Species comparisons of other endpoints relevant

to the PPARa MOA and hepatocarcinogenesis upon short-

term exposure to PPARa agonists show that mice and rats

are much more responsive than humans and other species

(e.g. hamsters, guinea pigs and primates). Experimental

evidence suggests that the differences in responsiveness

among species may be due to differences in promoter

structure and/or function of PPARa target genes, sensitivity

of PPARa to activation, the expression level of full-length and

dominant negative forms of PPARa and species differences in

the ability of PPARa to alter expression of cell fate genes.
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Overall, the weight of evidence suggests that while the rodent

MOA may be plausible in humans, there are significant

toxicodynamic differences between rats/mice and humans,

including most importantly, a lack of observable cell growth

responses at similar or much higher doses of PPARa
activators in humanized mouse models, Syrian hamsters,

guinea pigs and primary human hepatocytes.

Discussion

Overall evaluation of the PPARa MOA

The PPARa panel was able to define key events, associated

events and modulating factors for PPARa-induced rodent liver
tumors (Figure 2). The panel built upon previous applications

(Klaunig et al., 2003) of the MOA/Human Relevance

Framework using significant new data that allowed for

refinement of the key event descriptions and updated

considerations related to human relevance. The PPARa
hypothesized MOA describes the sequence of events begin-

ning with PPARa activation and leading to an increased

incidence of liver tumors in mice and rats. This MOA is

understood to exist independent of exposure to any particular

chemical but has been shown to be triggered by chemicals

collectively referred to as PPARa activators. The overall

weight of evidence supports a rodent MOA for the develop-

ment of hepatic tumors that involves five key events. First,

PPARa activators activate PPARa. Second, PPARa activation

leads to alterations in the expression of genes/pathways that

regulate cell growth. Third, this alteration of growth control

genes leads to increased cell proliferation and decreased

apoptosis under acute exposure conditions and then to low

level chronic cell proliferation. Fourth, sustained growth

signaling upon chronic exposure causes selective clonal

expansion of initiated cells to form preneoplastic foci.

Finally, additional mutational or epigenetic changes may

occur in the foci leading to hepatocellular adenomas and

carcinomas.

The panel also identified a number of modulating factors

that have impact on the dose–response relationship. The

modulating factors include increases in oxidative stress,

NF-kB activation and inhibition of gap junctional cell

communication.

In addition to the key events in the MOA, at least two

associated events have been identified in rats and mice.

PPARa activation leads to the regulation of genes encoding

lipid-metabolizing enzymes responsible for the hypolipidemic

effects of PPARa activators. PPARa activation also leads to

the regulation of peroxins, genes involved in the biogenesis

and proliferation of peroxisomes.

Human relevance of the PPARa MOA

The question of human relevance for the PPARa MOA was

evaluated by applying the IPCS framework and case studies

(Boobis et al., 2006, 2008; Cohen et al., 2003, 2004; Dellarco

& Baetcke, 2005; Holsapple et al., 2006; Meek, 2008; Seed

et al., 2005). The panel agreed on a fundamental set of

important facts. Firstly, PPARa-mediated effects on rats and

mice include impacts both on modulation of lipid metabolism

and on cell proliferation. It is the latter proliferative effect that

appears essential to rat and mouse tumorigenicity of PPARa
agonists. Secondly, effects on lipid metabolism in humans

have been observed, establishing some degree of commonal-

ity with mice and rats in PPARa-mediated processes. Thirdly,

the hPPARa is comparable to the rat or mouse PPARa in its

overall structure and affinity for PPARa ligands. Fourthly,

humans possess the ability to respond to stressors that lead

to alteration in cell growth pathways and perturbation of cell

growth and survival. Fifthly, preneoplastic focal lesions in

human liver are a relatively rare finding. In addition, most

human liver cancers have been linked to viral or aflatoxin

exposure or long term outcome of alcoholic or non-alcoholic

steatohepatitis. Sixthly, humans have not shown an effect on

hepatocyte proliferation despite evaluation using high doses

of PPARa activators. Seventhly, as yet, there is no mechan-

istic element known to be involved in the rat and mouse

response that is also known to be missing in humans. Thus we

currently lack a specific molecular mechanistic explanation

for the absence of proliferative impacts in humans thereby

precluding the ability to identify a point in the rat/mouse key

events cascade where the pathway is biologically irrelevant in

humans.

These agreed upon facts lead to some ambiguity as to

whether the difference between rats or mice and humans

in PPARa-induced proliferation is to be regarded as

qualitative or quantitative. On the one hand, the potential

for a proliferative response in humans at some yet higher

level of exposure or to some new PPARa agonist has not

been shown impossible in principle, because humans have

not yet been shown to lack some mechanistic element that

is known to be necessary for the rodent proliferative

response. There is no positive evidence that a qualitative

difference lies behind the lack of human effect, and so it

may at least logically be ascribed to a possible quantita-

tive difference in potency, albeit one that is more

pronounced for proliferative effects than for modulation

of lipid metabolism. On the other hand, there is also no

positive evidence that the difference is merely quantitative;

that is, there is no demonstration that sufficient human

doses can indeed induce a proliferative process parallel to

that seen in rats or mice. Moreover, to be deemed a

quantitative difference, there must be an uncoupling in

humans (compared to rats/mice) of the doses sufficient to

cause metabolic versus proliferative effects, and this

uncoupling itself suggests the existence of a qualitative

rat-human difference in underlying mechanisms. In short,

explaining the empirial lack in humans of the rat/mouse

proliferative responses as evidence of a ‘‘qualitative’’

difference entails hypothesizing an underlying mechanistic

species difference that has yet to be demonstrated, while

calling it ‘‘quantitative’’ entails hypothesizing that some

so-far-untested dosing patterns would indeed be able to

prompt proliferation in humans, which has also not yet

been demonstrated.

Given this situation, the panel differed with how to

characterize the question of potential human relevance of the

PPARa-mediated carcinogenic effect in rats and mice. In the

MOA/HR framework, one first asks whether human relevance

can be excluded on grounds of a qualitative species differ-

ence. Because of the way this question is posed, the lack of a
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positive demonstration of a qualitative MOA difference

suggested to the panel that this question should be

answered ‘‘No’’. (This answer does not deny that there may

indeed be a qualitative difference, but only recognizes that

the empirical absence of effects in humans without an

explicit mechanistic explanation does not constitute sufficient

proof).

The second question is whether human relevance can

be excluded on grounds of quantitative differences in

response. The majority of the panelists felt that, in view of

the lack of human proliferative effects of even substantial

pharmacological doses (that invoke the lipid-metabolism

effects there is substantial empirial evidence of what is at

very least a major quantitative difference that is sufficiently

established to lack practical human relevance. For these

panelists, a conclusion of ‘‘not relevant to humans’’ was

justified (Figure 8). Other panelists were concerned that

the lack of a specific mechanistic basis for the difference

in the cell growth effects – whether it ultimately proves

to be a qualitative or a quantitative one – precludes an

absolute conclusion of lack of potential relevance because

of the possibility, albeit appreciably low, of identifying

currently unknown factors that may increase the concern

for human relevance, such as effects of very potent PPARa
agonists, exposure to unanticipated high doses or identifica-

tion of highly susceptible individuals. These panelists

preferred a conclusion of ‘‘unlikely to be relevant to

humans’’.

Evidence that a PPARa-activator MOA is operative

Data to determine if a PPARa MOA may be operative for a

specific chemical would be similar to those needed to

determine the involvement of any MOA in liver-tumor

induction. Table 14 shows a checklist of steps that assist the

investigator in assigning a preliminary MOA. The steps

should include the evaluation of key events, modulating

factors or associated events that are linked to different

known MOAs for liver tumor induction. These include ruling

in or out the possibility of a direct DNA damage MOA

(e.g. aflatoxin B1), a cytotoxic regenerative proliferation

MOA (e.g. chloroform), a constitutive activated receptor

(CAR) MOA (e.g. phenobarbital) or an aryl hydrocarbon

receptor (AHR) MOA (e.g. TCDD). Other MOA that have

not been well characterized but might be considered

include an androgen receptor-dependent MOA (Ma et al.,

2008) and a RARa-dependent MOA (Khetchoumian et al.,

2008).

Evidence of peroxisome proliferation or induction of

PPARa-regulated genes is a fundamental aspect of PPARa
activators and, along with evidence from an in vitro reporter

assay, provides definitive evidence that PPARa activation

could occur in vivo. Increases in peroxisomal enzyme

activities are commonly used markers for peroxisome prolif-

eration and data from measurements of peroxisomal enzyme

activity or direct evidence of peroxisome proliferation,

enhance the ability to establish temporal and dose–response
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concordance between key events and liver tumor formation.

More readily obtained indicators of PPARa activation could

include gene or protein expression among members of the

CYP4A family. Hepatic cell proliferation is a key causal event

leading to the formation of liver tumors by a PPARa activator.

Evidence of hepatic cell proliferation, when combined with

evidence of other key events, provides important information

on the temporal aspect of tumor development and the

dose–response concordance of precursor events and tumor

formation.

Next steps in improving our understanding of the
PPARa MOA and human relevance

The proposed MOA is clearly sufficient for establishing a

basis for dose–response modeling of key events and

associated events while taking into account important

modulating factors. However, there are a number of persistent

gaps in our understanding of the induction of liver cancer in

mice and rats by PPARa activators that may incrementally

increase the weight of evidence for the key events and to

add additional key events to the MOA. Mechanistic studies

showing a role for microRNAs in general and let-7C in

particular in liver cancer are important to determine whether

changes in microRNAs linked to cell proliferation are

compound-specific or common to all PPARa activators.

Additional studies strengthening the linkage of oxidative

stress, NF-kB activation and liver-tumor induction might

increase the weight of evidence to change classification of

oxidative stress and NF-kB activation from modulating

factors to key events. The interplay of hepatocytes and

NPCs is especially intriguing, but contributions of each

have been difficult to tease apart. Additional studies on the

role of NPCs in cell-growth response would add to our

understanding of the molecular and signaling events that are

required for a growth response. A central issue for the future

is how PPARa activators cause preferential growth of the

altered hepatocyte that becomes a tumor in contrast to the

effects on the surrounding ‘‘normal’’ hepatocytes. Finally,

a study to determine the role of other factors in determining

the low level of tumors observed in the Ppara-null mice

after DEHP exposure (Ito et al., 2007) might help to

clarify the role of PPARa in the MOA of DEHP in wild-

type animals.

Some of the most important questions remaining are those

surrounding the potential role of human PPARa in mediating

growth and tumor promotion in the human liver. Although all

data point to the lack of human relevance of liver cancer

associated with exposure to PPARa activators, the field would

greatly benefit from a comprehensive epidemiological study

in which patients given PPARa activators were followed for

periods of up to 20 years, allowing an unequivocal evaluation

of cancer similar to those patients given the CAR activator

phenobarbital. The field would also benefit from side-by-side

comparisons of the expression and activity of ‘‘wild type’’

and human PPARa variants in trans-activation assays to

determine dose–response relationships of PPARa activators

and their relative contribution to responses compared to the

PPARa in rodents. Importantly, the ability of very potent

PPARa activators to increase hepatocyte proliferation in

human models should be examined. Overall, any studies using

new human hepatocyte models or clinical studies of liver

effects after exposure to potent PPARa agonist drugs with

endpoints relevant to cell growth changes would be extremely

useful.
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For over 15  years, reproductive toxicologists have explored 
the physiological outcomes and mechanism of fetal phthalate 
exposure to determine the risk posed to human male reproduct-
ive health. This review examines the fetal male reproductive sys-
tem response to phthalate exposure across species including rat, 
mouse, and human, with emphasis on the testis. In the rat, in utero 
phthalate exposure causes male reproductive tract malformations, 
in large part, by targeting the testis and inhibiting fetal Leydig cell 
hormone production. Despite mouse phthalate pharmacokinetics 
being similar to the rat, inhibition of fetal Leydig cell hormone 
synthesis is not observed in the mouse. The species-specific differ-
ences in testicular response following in utero phthalate exposure 
and the discordant reaction of the rodent fetal testis when exposed 
to phthalates ex vivo versus in vivo have made determining risk to 
humans difficult, yet critically important. The recent use of fetal 
testis xenotransplants to study phthalate toxicity suggests that the 
human fetal testis responds like the mouse fetal testis; it appears 
refractory to phthalate-induced inhibition of testosterone produc-
tion. Although this result is unfulfilling from the perspective of 
identifying environmental contributions to human reproductive 
maldevelopment, it has important implications for phthalate risk 
assessment. 

Key Words:  phthalates; endocrine disruptors; testicular dysgen-
esis syndrome; Leydig; fetal testis.

SCOPE OF THE REVIEW

Human male reproductive malformations resulting from 
improper in utero masculinization are relatively common, and 
phthalate exposure is a suspected contributor to these malfor-
mations (Sharpe and Skakkebaek, 2008; Swan, 2008; Toppari 
et  al., 2010). The recent publication of two reports demon-
strating that human fetal testis xenografts are resistant to 
phthalate-induced endocrine disruption precipitated this review 
(Heger et al., 2012; Mitchell et al., 2012). Our goals are to first 
discuss the modes of phthalate fetal testis toxicity using data 
obtained with the rat model and then explore the conservation of 

these toxicity outcomes and mechanisms in a species resistant 
to phthalate endocrine disruption (mouse) and human. Despite 
a literature on nonreproductive phenotypes associated with 
phthalate exposure, mechanisms and phenotypes of phthalate 
toxicity may differ between various organs and even different 
developmental stages of the same organ. As such, this review is 
limited to discussing mechanistic toxicology data derived from 
phthalate exposure of the maternofetal unit or tissue derived 
from the fetus, with a focus on the fetal testis. 

TESTICULAR DYSGENESIS SYNDROME HYPOTHESIS

A human Testicular Dysgenesis Syndrome (TDS) hypothesis 
has been proposed, suggesting that the postnatal phenotypes of 
hypospadias, cryptorchidism, testis germ cell cancer, and poor 
semen quality are manifestations of a single underlying entity: 
aberrant fetal testis development (Sharpe and Skakkebaek, 
2008). According to the TDS hypothesis, a combination of 
genetic and environmental factors may compromise Leydig 
cell and seminiferous cord function, leading to altered fetal 
testis development. Because hormones (insulin-like 3 and 
testosterone) produced by fetal Leydig cells are crucial for 
formation and postnatal function of the male reproductive 
system, the TDS hypothesis emphasizes the central role of the 
fetal Leydig cell in the syndrome (Sharpe and Skakkebaek, 
2008). One animal model used to test the TDS hypothesis is rat 
exposure to the chemical class known as phthalates. With the 
exception of testicular germ cell cancer, the hallmarks of human 
TDS are mimicked in rats exposed in utero to phthalates.

PHTHALATES, HUMAN EXPOSURE, AND  
MALE REPRODUCTIVE SYSTEM EPIDEMIOLOGY

Phthalates are high production volume chemicals used to 
impart flexibility, durability, transparency, and longevity to a 
variety of consumer, industrial, and medical products, including 
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electronics, medical devices, children’s toys, detergents, phar-
maceuticals, paints, waxes, personal care products, cosmet-
ics, and food packaging, among others (Heudorf et al., 2007). 
Because phthalates are not covalently bound in these products, 
they can leach with product age, use, and ultraviolet light expo-
sure, making them available for biological exposure (Thomas 
and Thomas, 1984). Human phthalate exposure occurs daily 
and is ubiquitous, with the major exposure route being inges-
tion (Fromme et al., 2007). Median phthalate exposure levels 
across the human population for individual congeners approxi-
mate 1–10  μg/kg/day (Latini et  al., 2004; Wittassek et  al., 
2011), although critically ill neonates receiving intensive medi-
cal treatment can be exposed to up to 10–20 mg/kg/day of a 
phthalate ester through the use of polyvinyl chloride–based 
medical devices (Loff et al., 2000). 

Formed from phthalic acid derivatives from the oxidation 
and hydrolysis of naphthalene (Eckerle, 2001), phthalates con-
sist of a six-carbon aromatic ring, containing two adjacent ester 
groups with alkyl side chains attached to the terminal oxygen. 
In the rat fetus, not all phthalate congeners are reproductive 
toxicants; the structure-toxicity relationship centers on alkyl 
side chain lengths between three and nine carbon atoms, with 
dipentyl phthalate being the most potent (Hannas et al., 2011b, 
2011c). Finally, all reproductively toxic phthalate congeners act 
via the same mechanism (Gray et al., 2000; Liu et al., 2005). 

Following oral exposure, phthalate diesters are quantitatively 
metabolized in the gut to a monoester form and subsequently 
oxidized, glucuronidated, and excreted in the urine (Williams 
and Blanchfield, 1975). Phthalate monoesters may be the ulti-
mate toxic metabolite (Ema and Miyawaki, 2001), although 
this has not been demonstrated conclusively for fetal testis 
endocrine disruption. After oral phthalate diester gavage of a 
pregnant rat, phthalate monoester rapidly crosses the placenta, 
and maximal fetal plasma concentrations are achieved between 
1 and 2 h postdosing (Clewell et al., 2008; Fennell et al., 2004). 
Like its distribution kinetics, the phthalate excretion rate is also 
rapid; the phthalate monoester half-life in maternal and fetal rat 
plasma is about 5 h (Fennell et al., 2004). 

Epidemiology data linking in utero human phthalate expo-
sure to male reproductive tract demasculinization or malforma-
tions are limited and somewhat inconsistent; for a review, see 
Jurewicz and Hanke (2011). These types of studies are difficult 
to perform because of the need to examine phthalate exposure 
during the critical window of male reproductive tract mas-
culinization (presumed to be gestational weeks 8–14; Welsh  
et al., 2008), the relatively low level of human phthalate 
exposure in pregnant women, and the lack of access to sensi-
tive molecular endpoints during the masculinization window. 
Because increased male anogenital distance (AGD), testis 
descent, and the positioning of the urethral opening at the phal-
lus tip require masculinization during the male programming 
window (van den Driesche et  al., 2011; Welsh et  al., 2008), 
these endpoints are the most relevant gross morphology meas-
urements available in the human. To date, one study found a 

positive association between maternal urine phthalate levels 
during pregnancy and cryptorchidism (Swan, 2008), but such 
an association was not seen in another report (Main et  al., 
2006). Using an occupational exposure model, the risk of hypo-
spadias was correlated with maternal exposure to phthalates in 
the workplace (Ormond et al., 2009). In two independent stud-
ies, phthalate levels in urine from pregnant women have shown 
significant inverse correlations with AGD of their male off-
spring (Suzuki et al., 2011; Swan et al., 2005), but this obser-
vation was not confirmed by others (Huang et al., 2009). For 
all of these studies, phthalate exposure measurements were not 
limited to the putative masculinization programming window. 
In the study by Swan et al. (Swan, 2008; Swan et al., 2005), a 
significant contributor to the AGD effect was diethyl phthalate, 
but this phthalate congener is not active in rat exposure studies 
(Gray et al., 2000). Exploring the neonatal maternofetal unit, 
Main et  al. (2006) observed an inverse correlation between 
phthalate levels in human breast milk and serum-free testos-
terone in their suckling males, as well as a positive correlation 
between breast milk phthalate levels and serum leutinizing hor-
mone/testosterone ratios. However, these neonatal data may not 
reflect the biology of the human fetal Leydig cell. Despite their 
inconsistency, lack of phthalate exposure analysis during the 
critical developmental window, and correlative nature, avail-
able epidemiological data raise some concern about a possible 
link between human phthalate exposure and male reproductive 
tract malformations. 

PHTHALATE IN UTERO REPRODUCTIVE  
TOXICITY IN THE RAT

Reproductive Malformations and Proximal Mode of Action

Although the male reproductive toxicity of postnatal 
phthalate exposure had been known for decades, it was 
not until 1997 that the more sensitive time period of fetal 
reproductive development was first appreciated (Wine et  al., 
1997). Since this initial report, numerous publications from a 
number of labs have demonstrated in utero phthalate exposure 
of rats during late gestation produces a phenotype termed the 
“phthalate syndrome” (Foster, 2006). Hallmarks of fetal male 
rat phthalate exposure of 500 mg/kg/day or greater include 
poor Wolffian duct differentiation, decreased AGD, retained 
nipples, cryptorchidism, and hypospadias. These hallmarks 
result from phthalate-induced inhibition of fetal testis hormone 
(insulin-like 3 and testosterone) production (Howdeshell et al., 
2008; Parks et al., 2000; Wilson et al., 2004) and point to the 
fetal Leydig cell as the critical cellular target for manifesting 
gross extratesticular reproductive malformations following in 
utero phthalate exposure.

Dose Response and Dose Additivity

As mentioned above, reproductively toxic phthalate conge-
ners share a similar mode of action in rats. When pregnant rats 
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are exposed to combinations of reproductively toxic phthalate 
congeners, the doses are additive in producing reductions in 
fetal testicular hormone production and reproductive lesions 
(Howdeshell et  al., 2007). Focusing on a dibutyl phthalate 
(DBP) dose response in Sprague Dawley rats as a case study, 
significant reductions in gestational day (GD) 19 intrates-
ticular testosterone occur at dose levels ≥ 50 mg/kg/day, with 
a no-observed-effect level of 33 mg/kg/day (Lehmann et  al., 
2004). The DBP dose-response of reproductive malformations 
in Sprague Dawley rats varies with the endpoint. The most 
dose-sensitive malformation is nipple retention (≥100 mg/kg/
day; Mylchreest et al., 2000), and statistically significant induc-
tion of other malformations requires dose levels ≥500 mg/kg/
day (Mylchreest et al., 1998, 2000). Christiansen et al. (2010) 
reported decreased AGD, mild genital tubercle dysgenesis, 
and retained nipples in male Wistar rats at a di(2-ethylhexyl) 
phthalate dose level of 10 mg/kg/day. In addition to the lack of 
dose-response consistency reported by others, caveats with these 
data are the lack of a linear dose response and the inconsistent 
observations between the two studies reported by Christiansen 
et al. (2010). In comparing Wistar and Sprague Dawley rats, 
Wistar rats show a higher incidence of cryptorchidism and 
Sprague Dawley a higher incidence of epididymal agenesis 
(Wilson et al., 2007). However, these strains have similar DBP 
dose responses for inhibition of fetal testis testosterone produc-
tion (Hannas et  al., 2011c), suggesting the strain-dependent 
lesion incidences may result from differential androgen signal-
ing requirements in target tissues. 

Critical Exposure Window for Reproductive Malformations

To observe phthalate-induced reproductive malformations in 
the rat, in utero phthalate exposure is required for only a short 
window. Rat fetal testis testosterone production commences 
between GD15 and GD16 and reaches a peak at GD18 (Habert 
and Picon, 1984), and the amount of testosterone produced 
as a function of fetal body weight remains relatively constant 
from GD18 until parturition (Welsh et al., 2008). The critical 
phthalate exposure window for reproductive tract lesion devel-
opment encompasses approximately GD16–18 (Carruthers and 
Foster, 2005; Ema et al., 2000). This window was identified by 
exposing rats in utero, using 2- or 3-day exposure windows, 
and measuring AGD, nipple retention, cryptorchidism, and 
Wolffian duct malformations as endpoints. Using the androgen 
receptor antagonist flutamide, male rat reproductive tract devel-
opment (increased AGD, Wolffian duct development, testis 
descent, and urethral closure) was shown to require androgen 
receptor signaling during a nearly identical window from GD15 
to 18 (Welsh et al., 2008). The congruence of the flutamide and 
DBP data provides compelling evidence for the critical win-
dow for phthalate-induced, androgen-dependent reproductive 
tract malformations being from GD16 to 18. Although there is 
a critical in utero window for reproductive tract malformations, 
phthalates inhibit fetal testis testosterone production during 

the entire fetal period when the testis is highly steroidogenic 
(Hannas et al., 2011a; Parks et al., 2000; Plummer et al., 2007; 
Scott et  al., 2008; Thompson et  al., 2004, 2005). Therefore, 
the malformation critical window reflects the requirement of 
peripheral tissues for sufficient testis hormone signaling to 
guide their development and not susceptibility of the fetal testis 
to phthalate-induced steroidogenic inhibition. 

FETAL TESTIS HISTOPATHOLOGY

Seminiferous Cord Alterations and Multinucleated 
Germ Cells

In utero phthalate exposure alters seminiferous cord devel-
opment resulting in focal, dysgenetic cords with intracordal 
Leydig cells and, more generally, cords with larger diam-
eters harboring a large number of multinucleated germs cells 
(MNGs). MNGs are of particular interest because of their the-
oretical potential to undergo mutations (given their abnormal 
DNA content) and thus the potential to give rise to testis germ 
cell cancer, one of the hallmark features of TDS.

Most of the rat studies performed to date examining 
phthalate-induced seminiferous cord effects and MNG 
formation have involved continuous daily exposure of the 
pregnant rat, often beginning mid-gestation (Andrade et  al., 
2006; Barlow and Foster, 2003; Boekelheide et  al., 2009; 
Ferrara et al., 2006; Fisher et al., 2003; Johnson et al., 2008; 
Kleymenova et  al., 2005; Mahood et  al., 2007; Mylchreest 
et al., 2002; Parks et al., 2000; Scott et al., 2007; Shirota et al., 
2005; Struve et al., 2009). Overall, the phthalate-exposed fetal 
testis shows evidence of delayed maturation, being small with 
less cellular proliferation resulting in fewer cells, and with 
seminiferous cords of increased diameter containing centrally 
located germ cells (Boekelheide et  al., 2009). The MNGs 
that are formed typically have 2–4 nuclei, but may have as 
many as 13 nuclei (Barlow and Foster, 2003), all contained 
within a common cytoplasm. In the rat, MNG formation 
increases at DBP dose levels approximating fetal testicular 
hormone disruption; there is a trend after 20 mg/kg/day DBP 
and a significant increase following 100 mg/kg/day exposure 
(Boekelheide et  al., 2009; Mahood et  al., 2007). The daily 
gestational exposure studies have documented a sensitive 
developmental window for phthalate induction of MNGs with 
these abnormal cells appearing at approximately GD18 in the 
rat (Barlow and Foster, 2003; Ferrara et al., 2006; Kleymenova 
et  al., 2005). Induction of MNGs can also be achieved with 
short-term phthalate exposure during the vulnerable window 
(Ferrara et  al., 2006), which coincides with the time when 
germ cell proliferation ceases (Boulogne et  al., 1999)  and 
intercellular bridges develop between germ cells (Franchi and 
Mandl, 1964; Nagano and Suzuki, 1978). Theoretically, MNGs 
could arise either from nuclear division without cytoplasmic 
division, or from the collapse of intercellular bridges. Given 
the ability of phthalates to induce MNGs by a single exposure 
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during a time when the germ cells are not proliferating, the 
most logical conclusion is that MNGs form from the opening 
of intercellular bridges (Kleymenova et  al., 2005). However, 
this needs to be investigated further. Once MNGs are formed, 
they persist throughout late gestation and early postnatal life 
and are then eliminated in a p53-dependent manner from the 
seminiferous epithelium within 1–2 weeks postnatally (Barlow 
and Foster, 2003; Fisher et al., 2003). 

The seminiferous cord manifestations of delayed matu-
ration require mid-gestation phthalate exposure are present 
only transiently in late gestation and early postnatal life, and 
then largely resolve by adulthood (Barlow and Foster, 2003; 
Boekelheide et al., 2009; Ferrara et al., 2006). There may be 
persistent later-life abnormalities, depending on the dose of 
phthalate exposure and the presence of other abnormalities, 
such as cryptorchidism or epididymal agenesis, that produce 
secondary effects on the testis. Although peritubular myoid 
or mesenchymal cells may be the initial phthalate target cells 
(see below; Johnson et al., 2007), Sertoli cells are the apparent 
target for phthalate-induced effects on the seminiferous cords, 
manifesting immaturity and alterations in their apical pro-
cesses, cytoskeleton, and interactions with germ cells (Fisher 
et al., 2003; Kleymenova et al., 2005).

After rat in utero phthalate exposure, focal areas of mal-
formed, anastomosing seminiferous tubules are observed in 
postnatal testes. In normal fetal rat testes, Sertoli cells segregate 
from interstitial Leydig cells and reside within well-defined 
seminiferous cords by GD14 (Magre and Jost, 1980). Although 
this normal cord formation process also occurs in most areas 
of phthalate-exposed rat fetal testes, a small number of Sertoli 
cells become intermingled within large, centrally located inter-
stitial Leydig cell aggregates (Hutchison et al., 2008b; Mahood 
et  al., 2005; van den Driesche et  al., 2012a). Although not 
shown formally, peritubular myoid cells may be present as well, 
and these abnormal aggregates appear to be the antecedent to 
the dysgenetic seminiferous tubules present in adult testes of 
animals exposed in utero. Upon formation of seminiferous 
cords by the aberrantly intermingled cell types in neonatal tes-
tes (Hutchison et al., 2008b), Leydig cells become entrapped 
and persist within the dysgenetic seminiferous cords through 
adulthood (Mahood et al., 2005). 

Cross-species studies of phthalate exposure have been impor-
tant in interpreting the possible targets and modes of action 
within the testis. In the mouse, phthalate exposure results in 
the formation of MNGs and enlarged seminiferous cords with-
out the induction of an antiandrogenic effect (Gaido et  al., 
2007). This result is neither due to an inability to metabolize 
phthalate diester to the active phthalate monoester, nor due to 
an inability to deliver the active monoester to the fetus (Gaido 
et al., 2007). Although the lack of an antiandrogenic effect of 
phthalate exposure in mice is discussed in greater detail below, 
what is important to emphasize here is the common occurrence 
of seminiferous cord effects, including cord enlargement and 
the induction of MNGs, in both rat and mouse. The lack of 

MNG induction in flutamide-exposed rats or mice with defec-
tive androgen receptor activity underscores the mechanistic 
separation of this endpoint from intratesticular testosterone 
reductions (Scott et al., 2007). These results indicate a shared 
seminiferous cord target for phthalate effects in mice and rats, 
presumably in the Sertoli cell, and independence of at least 
some seminiferous cord effects from changes in Leydig cell 
function (Gaido et al., 2007; Scott et al., 2007). 

A recent study has examined the role of p53 in modulating 
the in utero mouse response to phthalate exposure (Saffarini 
et  al., 2011). Pregnant p53-deficient mice were exposed to 
phthalate from GD12 to 20, and then the number of MNGs 
was quantified at GD19, and on postnatal days 1, 4, 7, and 10. 
The absence of the proapoptotic gene p53 led to the forma-
tion of increased numbers of MNGs, and these cells persisted 
into adulthood as bizarre abnormal cells in the seminiferous 
tubules. Ultimately, all of these abnormal cells disappeared, but 
this was shown to take in excess of 200 days in some animals. 
The modulating effect of p53 on MNG survival is striking, and 
a useful tool for exploring the behavior of these unusual cells 
and their possible role in germ cell cancer.

Sertoli Cell Histopathology

In addition to abnormal interstitial positioning of a Sertoli 
cell subset, phthalate exposure alters fetal Sertoli cell develop-
ment at the cellular level. Phthalate exposure (500 mg/kg/day) 
reduces the percentage of proliferating GD21 rat Sertoli cells 
by ~40% and the absolute number of Sertoli cells per testis by 
~50% (Hutchison et al., 2008a; Scott et al., 2008). Because fetal 
Sertoli cell proliferation depends on Leydig cell testosterone 
output (Scott et al., 2007), the paucity of Sertoli cell prolifera-
tion and numbers is mechanistically downstream of Leydig cell 
steroidogenic inhibition. Although GD16–18 is the susceptibil-
ity window for reproductive tract malformations, the critical 
phthalate exposure window for Sertoli cell proliferation effects 
is between GD19 and GD21 (Scott et  al., 2008). Coincident 
with reduced proliferation, Sertoli cells within seminiferous 
cords exhibit retracted cytoplasmic processes and no longer 
surround or support centrally located germ cells (Kleymenova 
et al., 2005). All of these Sertoli cell changes normalize in the 
postnatal animal after phthalate withdrawal (Auharek et  al., 
2010; Kleymenova et al., 2005). 

Leydig Cell Histopathology

As mentioned above, fetal Leydig cells from 
phthalate-exposed rats exhibit abnormal aggregation into large 
clusters located in the central part of the testis. This histological 
observation, coupled with immunoexpression of a proliferative 
marker, initially provided evidence to suggest an increased 
proliferation of Leydig cells (Mylchreest et  al., 2002), but 
stereological quantification showed phthalate exposure has 
no significant effect on the number of fetal Leydig cells per 
testis (Mahood et al., 2005; van den Driesche et al., 2012b). As 
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occurs when Leydig cell steroidogenesis is inhibited, phthalate 
exposure decreases Leydig cell cytoplasmic volume (van den 
Driesche et al., 2012b). As compared with phthalate exposure 
within a GD19–20 window, rat Leydig cell aggregation is 
enhanced by exposure from GD13 to 18 (Hutchison et  al., 
2008b), and aggregation is observed first on GD17 (Barlow and 
Foster, 2003). 

MODE OF ACTION OF PHTHALATE-INDUCED FETAL 
LEYDIG CELL STEROIDOGENIC INHIBITION

From a human reproductive health perspective, the most 
important endpoint of in utero phthalate exposure is a decrease 
in fetal Leydig cell hormone production. Three main factors 
contribute to this concern: the ubiquity of human phthalate 
exposure during pregnancy (Adibi et al., 2008); the ability of 
rat in utero phthalate exposure to inhibit fetal testis hormone 
(testosterone and INSL3) production; and the fetal testis hor-
mone production requirement for proper phallus development 
and testis descent. Our discussion of the phthalate endocrine 
disruption mode of action will begin with describing data on 
the phthalate molecular target and expand from there to events 
culminating in reduced testosterone output.

The phthalate molecular target causing fetal testis toxicity 
remains an enigma. Data from one study indicate that phtha-
late monoesters do not readily enter a juvenile mouse Sertoli 
cell line (Kristensen et  al., 2011), suggesting the phthalate 
molecular target may reside at the plasma membrane or that 
low intracellular phthalate concentrations are sufficient to 
cause endocrine disruption. Some phthalate monoesters can 
bind to intracellular peroxisome proliferator–activated recep-
tors (PPARs) to cause hepatoxicity (Rusyn and Corton, 2011). 
PPAR activation also has been hypothesized to mediate phtha-
late reproductive toxicity (Corton and Lapinskas, 2005; Latini 
et al., 2006), but to date, no data using fetal Leydig cells have 
been generated to support this hypothesis. In contrast, in utero 
rat exposure to the PPARα agonist Wy-14,643 or the PPARγ 
agonist rosiglitazone does not reduce fetal testis steroidogenic 
gene expression or testosterone production (Boberg et  al., 
2008; Hannas et  al., 2011b). Furthermore, PPARγ mRNA is 
undetectable in fetal rat testis (Hannas et al., 2011b). Overall, 
the available information suggests that PPAR activation is not 
a critical component of fetal testis endocrine disruption follow-
ing acute phthalate exposure. 

In the rat, a cascade of fetal testis gene expression changes 
has been characterized using microarray-based gene profiling 
(Thompson et al., 2005). The earliest gene changes, observed 
approximately 1 h after 500 mg/kg phthalate exposure, include 
the increase of a number of mRNAs encoding “immediate early 
genes” responsive to numerous environmental stressor expo-
sures (Johnson et al., 2007; Thompson et al., 2005). The kinetics 
of these early gene changes tracks phthalate metabolite levels in 
the fetus (Thompson et al., 2005; Fennell et al., 2004). Within 

hours of exposure, multiple fetal testis cell types respond. By 
in situ hybridization, the earliest expression changes occur in 
populations of cells located throughout the interstitium and 
in peritubular myoid cells (Johnson et al., 2007). These data 
suggest that mesenchymal and peritubular myoid cells may be 
the initial phthalate target cells and, theoretically, functional 
changes in these cell populations could lead to functional per-
turbations of Leydig, Sertoli, and germ cells. 

The gene expression response of Leydig cells first appears by 
3 h of 500 mg/kg phthalate exposure (Johnson et al., 2007). Fetal 
Leydig cells exhibit a high rate of lipid metabolism, which is 
required to both synthesize and import the testosterone precur-
sor cholesterol. mRNA expression of genes in these pathways 
are profoundly reduced beginning 3–6 h following 500 mg/kg 
DBP exposure (Fig. 1; Johnson et al., 2011; Thompson et al., 
2005). This apparently leads to diminished expression of nearly 
all steroidogenic pathway enzymes and cholesterol-mobilizing 
proteins, including those controlling the rate-limiting steps of 
mitochondrial cholesterol importation (STAR) and conver-
sion of cholesterol to pregnenolone (CYP11A1; Thompson 
et al., 2004). Testis cholesterol and cholesterol-containing lipid 
droplets in fetal Leydig cells also are reduced after phthalate 
exposure (Barlow et al., 2003; Johnson et al., 2011; Lehmann 
et  al., 2004). In addition to a reduction in lipid metabolism 
gene expression pathways, rat phthalate exposure reduces the 
expression of other fetal Leydig cell-specific genes, including 
Lhcgr, Gnrhr, and Insl3 (Johnson et al., 2011; Liu et al., 2005; 
Wilson et al., 2004). 

The immediate event precipitating Leydig cell testosterone 
attenuation appears to be the reduced expression of mRNA 
and protein within the cholesterol trafficking/biosynthesis 
and steroidogenic enzymatic pathways. This was discovered 
soon after fetal rat testis endocrine disruption was appreciated 
(Shultz et  al., 2001)  and confirmed in numerous subsequent 
experiments (Barlow et  al., 2003; Borch et  al., 2006; Culty 
et  al., 2008; Hannas et  al., 2011b; Howdeshell et  al., 2007; 
Johnson et al., 2008; Lin et al., 2008; Liu et al., 2005; Plummer 
et al., 2007; Thompson et al., 2004, 2005). Not all phthalate 
congeners are endocrine disruptors or reduce fetal rat Leydig 
cell steroidogenesis (Gray et al., 2000; Liu et al., 2005), and 
there is a correlation between congeners that inhibit cholesterol/
steroid metabolism gene expression and congeners that inhibit 
rat testosterone production (Liu et al., 2005). After acute fetal 
phthalate exposure, fetal testis steroidogenic pathway gene 
expression decrements occur concomitant with or prior to 
(Fig. 1) reductions in fetal testis testosterone levels (Thompson 
et al., 2005). The dose-response relationships overlap between 
rat fetal testis testosterone production and steroiodogenic/
cholesterol metabolism pathways gene expression (Hannas 
et al., 2011b; Lehmann et al., 2004). Furthermore, the relative 
potencies of different phthalate congeners for inhibition of 
steroidogenesis and genes in these pathways mirror each other 
(Hannas et  al., 2011c). From these data, a picture of acute 
phthalate-induced fetal Leydig cell toxicity emerges in which 
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exposure compromises the basic differentiated phenotype 
of fetal Leydig cells and manifests as reduced expression of 
genes encoding cholesterol and steroid metabolism genes and, 
subsequently, reduced hormone synthesis.

The mechanism of reduced Leydig cell lipid 
metabolism-related gene and protein expression is becoming 
clearer, with data pointing to changes in the activity of 
transcription factors controlling fetal Leydig cell cholesterol 
and steroid metabolism genes. One transcription factor 
hypothesized to mediate phthalate effects on fetal Leydig cell 
gene expression is sterol regulatory element–binding protein 
(SREBP; Lehmann et al., 2004; Shultz et al., 2001). The two 
homologs in this family (SREBP1 and SREBP2) are master 
regulators of lipid metabolism gene expression, including 
fatty acid, cholesterol and steroid metabolism genes (Brown 
and Goldstein, 2009; Christenson et  al., 2001; Osborne and 
Espenshade, 2009; Ozbay et  al., 2006; Shea-Eaton et  al., 
2001). Although phthalate exposure does not change fetal rat 
testis expression of Srebf1 (encoding SREBP1; Lehmann et al., 
2004; Johnson et al., 2011), reduced fetal testis levels of Srebf2 
mRNA are observed as well as diminished immunoexpression 
of SREBP2 in fetal rat Leydig cells (Johnson et  al., 2011). 
The decreased expression of genes in pathways controlled by 
SREBP activity early after phthalate exposure lends additional 
support to a critical role of SREBP in the phthalate mode 
of action. CCAAT/enhancer-binding protein-β (CEBPB) 
regulates steroidogenic pathway gene transcription, and in fetal 
rat testis, phthalate exposure inhibits binding of CEBPB to the 
proximal promoters of Cyp11a1, Cyp17a1, and Star (Kuhl 

et  al., 2007). NR5A1 (also known as steroidogenic factor 1; 
Sf1) transcriptional activity controls the expression of many 
steroidogenic pathway genes in fetal Leydig cells (Jeyasuria 
et  al., 2004), and reduced NR5A1 expression or activity has 
been hypothesized as a cause of phthalate-induced endocrine 
disruption (Borch et al., 2006). Although two studies reported 
reduced Nr5a1 mRNA levels in phthalate-exposed fetal rat 
testis (Borch et al., 2006; Plummer et al., 2007), this result has 
not been observed by others (Liu et  al., 2005), and fetal rat 
testis or Leydig cell NR5A1 protein expression levels are not 
altered (Kuhl et al., 2007; Plummer et al., 2007). Furthermore, 
phthalate monoester has no effect on NR5A1 transcriptional 
activity in a cell-based reporter system (Thompson et  al., 
2004). In favor of a role for reduced NR5A1 activity, binding of 
NR5A1 to the Star proximal promoter in fetal rat testis extracts 
is reduced by in vivo phthalate exposure (Kuhl et al., 2007). 
A recent publication demonstrated a striking inverse correlation 
between fetal Leydig cell nuclear immunoexpression of the 
transcription factor NR2F2 (also known as COUP-TFII) and 
fetal Leydig cell steroidogenesis (van den Driesche et  al., 
2012b). In the rat (but not mouse) fetal Leydig cell, phthalate 
exposure increases nuclear NR2F2 immunoexpression, which 
correlates in a dose-dependent manner with phthalate-induced 
steroidogenic inhibition. Because NR2F2 binding sites within 
steroidogenic gene promoters overlap with NR5A1 binding 
sites, it is hypothesized that rat phthalate exposure increases 
NR2F2 binding to steroidogenic gene promoters at the 
expense of NR5A1 binding, leading to reduced expression 
of steroidogenic genes (van den Driesche et al., 2012b). The 

FIG. 1.  Time course of acute phthalate-induced disruption of rat fetal testis steroidogenic gene expression and intratesticular testosterone levels. 
Sprague Dawley rat dams at GD19 were gavaged with oil vehicle (n = 10) or a single administration of 500 mg/kg DBP followed by euthanasia at 1 h (n = 5), 3 h 
(n = 5), 6 h (n = 5), or 18 h (n = 4). Euthanasia for the oil vehicle dams was spread among the 1-, 3-, 6-, and 18-h time points. From fetal testes, steroidogenic gene 
mRNA levels were quantified by TaqMan-based reverse transcription-polymerase chain reaction relative to Tata binding protein mRNA levels, and intratesticular 
testosterone levels were measured by radioimmunoassay (Johnson et al., 2011). Shown are the means ± standard errors about the mean. Statistical significance was 
determined using a one-way analysis of variance and Dunnett’s post hoc test with p < 0.05 considered significant. In this experiment, steroidogenic gene mRNA 
levels were reduced significantly by 3 (Cyp17a1) or 6 h (Cyp11a1 and Star) postexposure, but significant intratesticular testosterone reductions were not observed 
until 18 h postexposure. Expression of steroidogenic genes remained significantly lower through the 18-h time point. Thus, inhibition of steroidogenic pathway 
gene expression preceded reductions in intratesticular testosterone levels.
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picture coming into focus is that phthalate exposure modifies 
the constellation of transcription factors bound to steroidogenic 
gene promoters in fetal Leydig cells, leading to transcriptional 
repression; however, the mechanism producing altered 
transcription factor activity is unknown. 

Do phthalates change the fate of fetal testis cells? Phthalates 
do not appear to induce novel gene expression in any testis 
cell type. Available data demonstrate increased expression of 
a given gene occurs in the cell type normally producing that 
transcript (Johnson et  al., 2007). The endocrine disrupting 
effect on the fetal Leydig cell (Thompson et al., 2005) and the 
inhibition of seminiferous cord formation by fetal somatic cells 
(Hutchison et al., 2008b) are reversible and occur after phtha-
late withdrawal. Over developmental time in utero, seminifer-
ous cords elongate and decrease in diameter, and after phthalate 
exposure, fetal seminiferous cords diameters are increased, 
suggesting a maturational delay (Barlow and Foster, 2003; 
Boekelheide et al., 2009; Gaido et al., 2007). Together, these 
data suggest that the developmental fate of fetal testis cells is 
not altered; instead, phthalate exposure appears to temporarily 
perturb the differentiated phenotype of cells resulting in either 
a delay in development or, as exemplified by rat fetal Leydig 
cells, a reduction in differentiated function. 

IN VIVO PHTHALATE ENDOCRINE DISRUPTION 
SENSITIVITY AMONG ANIMAL SPECIES

Up to this point in the review, descriptions of the fetal testis 
endocrine-disrupting phenotype have been limited to experi-
ments involving rat exposures. The other mammalian species 
examined for male reproductive system effects following in 
utero phthalate exposure are the rabbit, marmoset, and mouse 
(Table 1). Phthalate exposure of human fetal testis xenografts 

will be discussed in a later section. Like the rat, phthalate 
appears to induce cryptorchidism in rabbits dosed in utero 
(Higuchi et al., 2003). The marmoset is the only primate spe-
cies examined for reproductive system effects following in 
utero phthalate exposure. Using a 500 mg/kg/day monobu-
tyl phthalate (MBP) exposure during the expected marmoset 
fetal masculinization programming window, hypospadias and 
cryptorchidism were not observed (McKinnell et  al., 2009). 
In this experiment, testosterone levels were examined in neo-
natal animals and were not altered. However, the testosterone 
assay was performed well after phthalate exposure ended and, 
given the rapid recovery of this endpoint after fetal rat expos-
ure (Thompson et al., 2004), fetal testis testosterone production 
was not analyzed critically. In the rat, endocrine disruption is 
accompanied by aggregation of Leydig cells, and such histo-
pathology was not observed in the marmoset. After a single 
500 mg/kg MBP exposure of neonatal marmosets, plasma tes-
tosterone levels are reduced (Hallmark et  al., 2007), but the 
relationship of this result to fetal Leydig cell endocrine disrup-
tion potential is unclear.

Despite the potential utility of mouse genetic models for 
exploring the molecular mechanism of phthalate-induced 
endocrine disruption, the mouse model of in utero phthalate 
exposure model has not been widely studied. Early phthalate 
exposure research employing the mouse used continuous breed-
ing strategies in which male and female mice were exposed 
to reproductively toxic phthalate congeners throughout breed-
ing. In these studies (Heindel et al., 1989; Lamb et al., 1987), 
high-dose level phthalate exposure reduced spermatogenesis 
and fertility in F

o
 males exposed as adults, but the reproductive 

phenotype of F
1
 males exposed in utero to reproductively toxic 

phthalate congeners was not examined. Another early study of 
high-dose level mouse gestational exposure from GD0 to 18 

TABLE 1 
 Reproductive Phenotype of Mammalian Species After Fetal Phthalate Exposure

 
Species

Fetal testis 
testosterone

Fetal testis steroidogenic 
genes

 
Fetal testis Insl3

Seminiferous cord 
histopathologya

 
MNGb

 
AGDc

 
Hypospadias

 
Cryptorchidism

Rat ↓ ↓ ↓ ↑ ↑ ↓ ↑ ↑
Moused ↔ or ↑ ↑ ↔ ↑ ↑ ↔e ↑f ?
Rabbit ? ? ? ? ? ? ↑g ↑g

Marmoset ? ? ? ? ? ? ↔ ↔
Humanh ? ? ? ? ? ↓ ↑ ↔ or ↑
Humani ↔ ↔ ↔ ↔ ↑ NA NA NA

Note. ↓, decreased; ↑, increased; ↔, no change; ?, no data available; NA, not applicable.
aIncreased seminiferous cord diameter.
bMultinucleated germ cells.
cAnogenital distance.
dNon-Kunming mouse strains.
eReported as significantly decreased (Liu et al., 2008) but this study used the pup, rather than the dam, as the statistical unit.
fReported as significantly increased (Liu et al., 2008) but was not accompanied by a significant anogenital distance decrease using the dam as the statistical unit.
gOccurred in 1 out of 17 male pups.
hHuman data based on epidemiology.
iHuman data based on human fetal testis xenotransplant experiments.
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observed increased fetal resorption and teratogenicity at GD18, 
but no reproductive system effects were described (Shiota and 
Nishimura, 1982). 

Recent work indicates that mouse strains widely used 
in laboratory research are resistant to the fetal testis 
endocrine-disrupting effects of phthalates. After gestational 
exposure to phthalate diester or monoester at dose levels 
causing profound inhibition of rat fetal testis steroidogenesis, 
mouse fetal intratesticular testosterone content remained at (or 
above) levels observed in controls (Gaido et al., 2007; van den 
Driesche et  al., 2012b). Corroborating these data, neonatal 
mouse AGD was unaffected by phthalate exposure during 
the fetal masculinization programming window (Heger et al., 
2012). However, the fetal mouse testis did respond to in utero 
phthalate exposure: MNGs were induced; seminiferous cord 
diameters were increased; and the expression of thousands 
of fetal testis genes was altered (Gaido et al., 2007; Johnson 
et al., 2011). Although expression of genes governing steroid 
and cholesterol metabolism were reduced in rats, many of 
these same genes were unchanged or increased in the mouse 
(Gaido et  al., 2007; Johnson et  al., 2011). Because of the 
histological and molecular changes observed in the mouse 
fetal testis, a difference in phthalate pharmacokinetics does 
not seem to explain the species differences. This conclusion 
is corroborated by data showing similar levels of phthalate 
monoester in the maternal and fetal serum of rats and mice 
(Gaido et al., 2007). Some researchers have suggested that in 
utero mouse fetal testis hormone production and reproductive 
development are sensitive to the effects of phthalates. Studies 
from one laboratory reported antiandrogenic effects in 
C57Bl/6 mice following gestational exposure to phthalates, 
as evidenced by a dose-dependent decrease in neonatal AGD 
and an increase in hypospadias (Liu et al., 2008). The AGD 
data assessed in this study utilized the pup (rather than the 
litter) as the statistical unit, effectively overestimating group 
sizes. When the litter is used as the statistical unit, these 
neonatal mouse AGD data do not reach statistical significance 
(Heger et al., 2012). Further, the high incidence of reported 
hypospadias, in consideration of the lack of a true effect 
on AGD, is difficult to understand and has been questioned 
(Scott et  al., 2009). This group also reported decreases in 
testosterone and Insl3 mRNA levels in the Kunming mouse 
strain (Wu et al., 2010). The phylogenetic relationship of this 
Chinese mouse strain to common western mouse strains (CD1, 
C57Bl/6, and C3H) is unclear. Although the Kunming mouse 
may be susceptible to the fetal testis antiandrogenic effects of 
phthalate exposure, additional research from other laboratories 
has yet to corroborate these findings. When the available 
in utero mouse exposure data are considered together, one 
can conclude that common laboratory mouse strains appear 
resistant to in vivo phthalate-induced endocrine disruption. 
In addition, fetal Leydig cell phenotypic differences between 
mice and rats in utero appear to be due to species-dependent 
pharmacodynamics, with rat Leydig cell hormone production 

inhibited and mouse Leydig cell hormone production either 
unaffected or enhanced. 

PHTHALATE EXPOSURE PHENOTYPE OF LEYDIG 
CELL LINES OR EX VIVO FETAL TESTIS CULTURES

The divergent response observed with in utero phthalate 
exposure in mice and rats holds particular importance for the 
extrapolation of risks to humans following phthalate exposure. 
As in utero experimentation is both costly and labor intensive, 
in vitro approaches of both human and rodent testis explants 
and Leydig cell lines potentially offer a straightforward and 
inexpensive method for studying cellular effects of phthalates. 
For comparison with in utero experiments, it should be kept in 
mind that fetal rat testis phthalate monoester concentrations that 
cause reductions in testosterone production after oral exposure 
are estimated to be in the low micromolar range (Clewell et al., 
2010). Furthermore, in utero phthalate exposure reduces testos-
terone production within hours of exposure and is accompanied 
by an overall reduction in steroidogenic pathway gene/protein 
expression. Most studies involving ex vivo fetal testis culture 
have utilized a model in which GD14 rat testes are cultured for 
3 days with phthalate monoester under either basal or human 
chorionic gonadotropin (hCG)-stimulated conditions, with 
media testosterone content measured daily. Using this model, 
Stroheker et al. (2006) did not observe any dose-related effect 
of phthalate monoester (MEHP) at concentrations up to 10 μM. 
A modified GD14 rat testis culture protocol in which only half 
of the medium was changed each day showed a dose-dependent 
decrease in CYP17A1 activity and testosterone production 
(Chauvigne et al., 2009, 2011). Significant effects were seen 
after 3 days of culture at MEHP concentrations ≥1 μM. In con-
trast to in utero rat phthalate exposure, ex vivo GD14 rat testis 
cultures exposed to 10 μM MEHP for 3 days display no reduc-
tions in Scarb1, Cyp11a1, or Star gene expression (Chauvigne 
et al., 2011). In experiments with GD18 rat testes, 48-h expo-
sure to 1 mM MBP had no effect on basal testosterone pro-
duction but reduced hCG-stimulated testosterone production 
(Hallmark et al., 2007); however, the 1 mM MBP concentration 
is higher than phthalate monoester concentrations observed in 
rat fetal plasma or fetal testis after 500 mg/kg DBP exposure 
(Clewell et al., 2008, 2010). Finally, culture of GD17 rat testes 
with 250 μM MBP for 24 h did not reduce expression of either 
steroidogenic genes or other fetal testis genes sensitive to in 
vivo phthalate exposure (Heger et  al., 2012). Notably, MNG 
formation has not been reported in any ex vivo fetal testis study 
thus far, despite some reports examining germ cell histopathol-
ogy (Chauvigne et al., 2009, 2011; Muczynski et al., 2012). For 
mouse fetal testes, endocrine disruption (both decreased tes-
tosterone levels and decreased steroidogenic gene expression) 
was reported with GD18 testes cultured for 72 h with 200 μM 
MEHP (Lehraiki et al., 2009). Based on these published data, 
it appears that ex vivo rat and mouse fetal testis cultures do 
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not recapitulate the fetal testis phenotype observed after in vivo 
exposure. Rat fetal testis studies in which phthalates decreased 
testosterone production were performed at either very high 
concentrations (1 mM) or did not involve reductions in ster-
oidogenic genes (Star, for example) that are mechanistically 
important in vivo. Although phthalates have no effect on cul-
tured human fetal testis steroidogenesis (Hallmark et al., 2007; 
Lambrot et al., 2009), the seemingly poor utility of the ex vivo 
culture model limits the human risk conclusions that can be 
drawn from such studies.

In addition to whole organ fetal testis culture, phthalate 
endocrine disruption research has been conducted using Leydig 
cell lines derived from postnatal mice. Three different lines 
have been examined: MA-10 (Anand-Ivell et al., 2009; Clewell 
et  al., 2010; Dees et  al., 2001; Fan et  al., 2010), MLTC1 
(Gunnarsson et al., 2008; Wang et al., 2006, 2007), and BLTK1 
(Forgacs et  al., 2012). In general, these experiments show 
phthalate-induced decrements in steroidogenesis, but caveats of 
such studies are the inconsistent effects on steroidogenic gene 
expression, the use of transformed cell lines, and the derivation 
of cell lines from postnatal Leydig cells. Fetal and postnatal 
Leydig cells are distinct cell types in both origin and function 
(Huhtaniemi and Pelliniemi, 1992).

HUMAN FETAL TESTIS XENOTRANSPLANTS

Because in vitro studies have thus far been inconsistent both 
within in vitro models and in comparison to in vivo observa-
tions, two different lab groups have developed rodent-host 
xenograft bioassays to assess the human fetal testis response 
to phthalates. In one approach (Heger et al., 2012), short-term 
xenotransplants of fetal mouse (GD15) or rat (GD16) testes 
were xenografted into the renal subcapsular space of nude 
rat or mouse hosts, exposed to 250 or 500 mg/kg/d di-n-butyl 
phthalate (DBP) for 1, 2, or 3  days, and harvested 6 h after 
the final dose. In DBP-exposed hosts, an increase in MNG 
content was observed in both rat and mouse xenografts, with 
only rat xenografts exhibiting suppressed steroidogenic gene 
expression and suppressed testosterone secretion, consistent 
with the intact response. DBP treatment did not affect germ 
cell content, and host species did not influence histopathology 
or gene expression endpoints. To explore the human response, 
a similar exposure paradigm was used, xenografting fetal tes-
tes (gestational weeks 10–23) into nude rat hosts. Human fetal 
testis xenografts exhibited the same MNG induction observed 
with rat and mouse xenografts. Unlike the rat, but similar to the 
mouse, human fetal testes were resistant to phthalate-induced 
suppression of steroidogenic gene expression across a range 
of phthalate doses (100, 250, and 500 mg/kg/day for 2 days). 
A  limitation of this study is the absence of measurements of 
testosterone production by the human fetal testis xenografts.

In another approach (Mitchell et al., 2012), human fetal tes-
tes were grafted into castrated immunodeficient mouse hosts 

for 6 weeks with or without supplemental hCG. In the presence 
of supplemental hCG, this model produced sufficient testoster-
one to increase the host seminal vesicle weight and to maintain 
normal fetal testis histology (Mitchell et al., 2010). In a sub-
sequent publication (Mitchell et al., 2012), this group showed 
no inhibition of testosterone (as measured in host serum) or 
decreased seminal vesicle weight by human testis xenografts 
following exposure to 500 mg/kg DBP or its active monoester 
metabolite MBP. A limitation of this study was the absence of 
gene expression analysis of the human xenografts.

ASSESSING THE ENDOCRINE DISRUPTION RISK OF 
HUMAN IN UTERO PHTHALATE EXPOSURE

Much of the concern over phthalates stems from the dem-
onstrated ability of some phthalate congeners to induce repro-
ductive defects during critical developmental windows in 
rats. Further, the high production volume, apparent ubiqui-
tous human exposure, high level of exposure in critically ill 
neonates, and use in children’s toys warrants a closer look at 
the potential effects of human exposure. In response to pub-
lic concern, seven phthalate congeners were reviewed in 1999 
by an Expert Panel of the Center for the Evaluation of Risks 
to Human Reproduction of the National Toxicology Program 
(Shelby, 2002). This group of industry, academic, and govern-
ment experts analyzed the current data regarding phthalate tox-
icity and drafted individual assessments detailing the potential 
for impacts to human reproduction and development. These 
formal reviews represented the first comprehensive analy-
sis of scientific data on the reproductive effects of phthalates 
and served to identify gaps in knowledge to aid in prioritizing 
future research. These reviews identified critically ill neonates 
as a sensitive subpopulation, with serious concern for adverse 
effects identified for exposure to di(2-ethylhexyl)phthalate 
(Kavlock et al., 2006). 

Human phthalate exposure levels in the general population 
are low as compared with the dose levels required to elicit repro-
ductive toxicity in the rat. Although this appears to suggest a 
negligible human male reproductive system risk, phthalates are 
only one component of a mixture of chemicals to which humans 
are exposed. When combined with other endocrine-disrupting 
compounds in rats, it is clear that phthalates contribute to 
reproductive toxicity below the no–observed-adverse-effect 
level of individual phthalate congener exposures (Committee 
on the Health Risks of Phthalates, 2008). In the face of a mul-
titude of potentially toxic human environmental exposures, 
the Environmental Protection Agency, in cooperation with the 
Consumer Products Safety Commission and the Food and Drug 
Administration agreed to adopt a cumulative assessment plan 
to examine the effect of multiple phthalates on the exposed 
organism (http://www.epa.gov/oppt/existingchemicals/pubs/
actionplans/phthalates.html). In taking this one step further, 
the National Research Council of the United States National 
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Academies has recommended focusing on the antiandrogenic 
endpoints rather than the chemical structure (Committee on the 
Health Risks of Phthalates, 2008). As the current Environmental 
Protection Agency practice centers on structurally similar 
compounds, this approach may underestimate risks from con-
comitant exposure to other antiandrogenic chemicals which are 
structurally dissimilar. The National Research Council has sug-
gested this approach, focusing on sensitive pathways of effect, 
be adopted for risk assessment of other endpoints where diverse 
chemical classes are implicated. 

An important contributor to human risk assessment is 
the identification of the mechanism of action by which 
phthalates perturb fetal testis function in model species. 
For many years, the scientific community has focused on 
identifying the phthalate mechanism in the rat, and this 
focus has paid dividends, since it is clear that reduced fetal 
Leydig cell gene expression and hormone production are 
the crucial mechanistic steps leading to poor development 
of accessory reproductive organs. Throwing a wrench into 
these well-oiled data is the observation that the mouse is 
resistant to phthalate-induced fetal Leydig cell endocrine 
disruption. The disparity in species response to phthalates 
remains a point of contention, particularly with the most 
recent findings that the in vivo ex situ human fetal testis is 
resistant to the antiandrogenic effects of phthalates (Heger 
et al., 2012; Mitchell et al., 2012). There remains a need to 
better understand the molecular mechanisms responsible for 
the differences in sensitivity (rats) or resistance (mice) to 
developmental phthalate exposure. At the same time, insight 
into the molecular pathways controlling steroidogenesis in the 
human fetal testis is necessary. In the absence of compelling 
epidemiological evidence, this molecular mechanistic 
understanding will be needed for risk assessment to progress 
beyond the default protective assumption that humans respond 
similarly to the most sensitive species.

CONCLUSIONS

For the past 15 years, much research effort has been expended 
to describe the reproductive toxicity of in utero phthalate expo-
sure in the rat, a sensitive species. Although still requiring 
corroboration and further mechanistic exploration, the mouse 
appears to be resistant to in utero phthalate-induced fetal tes-
tis endocrine disruption. The dichotomous response between 
the mouse and rat correlates with changes in fetal Leydig cell 
cholesterol and steroid metabolism pathway gene expression 
and nuclear immunoexpression of the repressive transcription 
factor NR2F2 (Gaido et al., 2007; Johnson et al., 2011; van den 
Driesche et  al., 2012b). Along with testosterone production, 
steroidogenic gene expression is a useful biomarker of fetal 
testis phthalate toxicity. Holding back studies on the phthalate 
endocrine disruption molecular mechanism is a knowledge gap 
about the crucial drivers of fetal Leydig cell steroidogenesis 

and, more generally, the molecular pathways controlling dif-
ferentiated fetal Leydig cell function (Scott et  al., 2009). In 
the face of poor in vitro models, the use of human fetal testis 
xenografts opens the door to asking crucial mechanistic ques-
tions about the effect of phthalate exposure on human fetal tes-
tes. Experiments with xenografts are not without caveats but, 
along with epidemiology, represent important tools to define 
the human response to phthalate exposure. Based on the avail-
able fetal testis xenograft data, it appears the human fetal testis 
responds more like a mouse than a rat. 
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DI(ISONONYL) PHTHALATE BINDS REVERSIBLY TO a2u-GLOBULIN AND INDUCES CELL 
PROLIFERA TJON IN MALE RAT KIDNEYS 
R Schoonhoven, E Bodes* and J A Swenberg. Curriculum in Toxicology, University ofNorth Carolina, 
Chapel Hill, NC, USA. 

Di(isononyl) phthalate (DINP) is a commonly used plasticizer that has preliminary data suggesting that it 

induces male rat specific a 20-globulin (a20G) nephropathy. We have conducted a series of studies to 

further investigate this issue. In the first study, reversible binding between DINP and a 20G was evaluated. 

Male and female Fischer 344 (F344) rats were gavaged with a single dose (900mglkg) of radiolabeled 

[
14C]-DINP. Kidney cytosol samples were pooled by gender, and dialyzed against buffer with or without 

0.1 % SDS. Cytosol dialyzed against buffer with SDS, but not without SDS, lost radioactivity to 

background levels, demonstrating reversible binding of DINP to a 2uG. A second study was done using 

immunohistochemistry (IHC) to quantify dose dependent accumulation of a 2uG and changes in cell 

proliferation in kidneys of rats exposed to DINP. Male F344 rats were gavaged (90, 300 or 900 mglkg) 

daily for 5 days. A negative and positive control group received com oil or d-Iimonene, respectively. 

Animals received BrdU in drinking water for 72 hours prior to sacrifice. IHC showed an increase in the 

amount of a 2uG sta~ning in the treated over control groups. BrdU cell proliferation was measured to 

establish a labeling index (LI). When random fields of 2,000 cells were counted, large standard errors 

(SE2:0.5) were present. This was due to localized lesions within the cortex which were counted or missed 

due to selection. Using counts of 10,000 and 20,000 cells, most of the cells in the cortex were counted with 

a SE<0.2 in all groups. There was a doubling in cell proliferation of DINP treated over control groups. 

Collectively, these data demonstrate that DINP induces a 2uG nephropathy. (Supported in part by the 

American Chemical Council.) 
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Preface 

· The U.S. Environmental Protection Agency (EPA) Risk Assessment .i=oruni~· 
was established to promote scientific consens.us on risk assessment iss~ as and .t<?. .. 
ensure that this consensus is incorporated into ·appropriate risk asse!)smen~ guid;; ·· 
ance. To accomplish this, the· Risk Assessment Forum assembies experts from 
throughoutthe EPA in a formal process to study and report on these issues from an · 
Agency-wide perspective. · · ... · · '··. · : 

For major risk assessment activities, the Risk Assessme.ntForum.has. e~tab- · 
lished Technical Panels to conduct scientific review and analysis. Member~.are 
chosen to assure that necessary technical expertise is available. Outside· e~pEnts 
may be invited to participate as consultants or, if appropriate, as TechniCal Pan~t· 
members. · · · ··. 

The use of male rat kidney tumors in risk assessment has been the subject .of · 
much recent discussion. · For a certain group of chemicals, investigators ·hav~ 
reported renal tubule tumor formation in mal.e rats as the sequela of ren~l to~iclty · 
commencing with an excessive accumulation of the protein, alpha2u -globulin (a:Z.:-g), 
in renal tubules. Renal tubule tumor formation with protein accumulation has not · 
been observed in female rats or other tested species, most notably the mouse.· The 
NCI Black Reiter rat, which does not produce «2u -g, also fails to sl:low C! proliferative, 
response in the kidney or evidence of a promotional ·effect when exp6sed to 
chemicals that induce protein droplet accumulation in male rats of other strains; its · 
response has not been tested in a· conventional 2-year animal bioassay~ .Some 
scientists apply the observations seen in animals to conclude that any renal tubule· 
tumor in male rats observed irt connection with a2u -g accumulation is a· species-· 
specific effect inapplicable to human risk assessment. Other scientists argue .. that ·: 
more information on humans is needed and that all male .rat kidney tumors should. 
continue to be considered as relevant to human risk as other tumors. · 

Because the question is relevant in assessing risk for a numher of chemicals. of . 
interest to EPA. the Risk Assessment Forum established a Technical Panel to 
assemble and evaluate the current evidence and to develop science policy recom
mendations for. Agency-wide use. This document is the .product of that effort.:· .. 

The literature review supporting this document is current as of July 1. 1991' .. · . 

• 1,· 
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I. Executive Summary 

This report of a Technical Panel of the ~.S. Environmental Protection 
Agency (EPA) Risk Assessment Forum describes conditions under which 
t~e· forurp advises EPA risk assessors against using information on certain 
renal tubule tumors or nephrotoxicity to assess human risk. Risk assess
ment approaches generally assume that chemicals producing tumors in 
laboratory animals are a potential cancer hazard to humans. For most 
chemicals, including many rodent kidney carcinogens, this extrapolation 
remains appropriate. The scientific studies reviewed by the Technical Panel 
indicate, however, that some other chemicals induce accumulation of 
alph~2u;.globulin (~u-g), a low-molecular-weight protein, in the male rat 
kioney .. The a 2Y -g accumulation initiates a sequence of events that appears 
to lead to renal tubule tumor formation. Female rats and other laboratory 
mammals administered the same chemicals do not accumulate low-mo
lecular-weight protein in the kidney and they do not develop renal tubule 
tumors: Since humans appear to be more like other laboratory animals than 
like· the male rat, in this special situation, the male rat is not a good model 
for ,asses~ing human risk. · · 

· The ·analysis of the scientific studies and related science policy set out 
in this· report ~ach stress the need for fu II scrutiny of a sub$tantial set of data 
to determine when it.is reasonable to presume that renal tumors .in male.rats 
result from a propess involving a2u -g accumulation and to select appropriate 
procedures for estimating risks to humans under such circumstances. The 
report also defines situations that suggest different approaches and it calls 
for research to clarify unanswered questions regarding the mechanisms 
accounting for the response in male rats. 

Alpha2u~globulin and Renal lesions 
·In the male rat, the production of renal tumors by khemicals Inducing 

alph~ ..,g,Jobulin accumulation (CIGA) is preceded by the renal lesions 
ascribed to ·a2u-g-associated. nephropathy. The involvement of hyaline 
dropl~t accumulation in the early nephrotoxicity associated with CIGA is a 
major difference from the sequence seen for classical carcinogens. The 
pathologic changes that precede the proliferative sequence for classical 
renal carcinogens also include a form of early nephroxicity, but no apparent 
hyaline droplet accumulation. 

Investigations performed in multiple laboratories over the last decade 
have demonstrated a consistent association between hyaline droplets 
containing a2u-g and production of certain lesions in the male rat kidney. 
These renal lesions are not found in mice, female rats, or other laboratory 
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species tested. The histopathological sequence in the male rat consists Of' 
the following: · · .. ~ ·· 

• 

• 

• 

• 

• 

.. 

an· excessive accumulation of hyaline d~oplets conta!nin~L· .:_ · 
~ -g in renal proximal tubules; . . . · ·• · ... ·, .. 
subsequ~nt cytoto~icity and single~cell necrosis of the tubule · ..• 
epithelium; . . . .·. :':·· . 
s~stained · regenerative tubule cell proliferation, . previdll:lg : · 
e>epo~ure continues; . · . . . . . . 
development of intralumenal granular casts from slougned cel.l .. : . 
debris associated with tubule dilation, and. p~pillary. 
mineralization; . . . . 
foci of tubule' hyperplasia in the convoluted proxima!' tubule~.;. · . 
and finally, 
renal tubule tumors . 

·,, ', 

.Biochemical studies with model compounds show that CIGA. o~ .their 
metabolites bind specifically, but reversibly, to male rat a 20-g. The resulting: . 
~u -g-CIGA complex appears to be more resistant to hydrolytic degrad~tion 
by lysosomal enzymes than ·native, unbound a20-g. ln~ibition. of th.e 
catabolisr:n of a 20-g, a protein only slowly hydrolyzed by renal. lysos()mal 
enzymes under normal physiological conditions, provides a plausible basis 
for the initial' stage of protein overlqad in the nephropathy seql:lenc,e,. . · 

Comparison with Classical Carcinogens 
... ' . . . ' ·. ,. ~:· ; . 

It is instructive to compare CIGA renal carcinogens with other 'renal· 
carcinog,ens. Several genotoxic chemicals recognize<;:! as classicalinduGers 
of rodent kidne·y tumors have been used to study the pathogenesis otnmal 
tubule c.ancer in laboratory animals. In general; these prototypic r~nal 
car9inogens produce tumors in both J:Tlales and females~ Although the wide 
~ange of chemicals represented suggests multiple mechanisms of action, 
many of the c.lassical renal carcinogens .or their active. metabolites. are 
electrophilic species able to bind covalently to macromolecules and likely t~ 
form DNA adducts in the kidney. In contrast, CIGA renal carcinogens; are 
not known to react with DNA and are generally negative in short-term tests 
for genotoxicity. CIGA renal carcinogens also interact With ~·-g in a 
reversible and noncovalent manner. · · u ·. 

CIGA produced minimal changes in urine chemistry and very little or no 
glomenJiar dysfunction in male rats. The mild.tubule toxicity of .CIGA.,··in .. 
contrast.to the ·obvious urinary changes induced by renal toxins such as 
mercuric. chloride or hexachlorobutadiene, is characteristic of CIGA.and is· 
consistent with the. notion that CIGA do not bind covalently to a 20-g.. • · · 

. Classical renal carcinogens, such as certain nitrosamines, induce r,e.nal 
tubule cancer in rats or mice with high incidence, minimal duration of 
exposure, and clear dose-response relationships. There is u.sually no. 
absolute sex-specificity, although males and females maybe susceptible to 
different degrees. In contrast, the renal tumors produced by the eight model 
carcinogen~ examined in thi~. report tended not. to be life-threatening,: 
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OCC!Jrred.late in Ute, usually being found at terminal sacrifice, and were 
frequently microscopic. Even thoug_h the maximum tolerated dose was 
exceeded for some of the eight model carcinogens, the renal tumor 
incidence ·rate J adjusted for intercurrent mortality, was nevergreaterthan 28 
percent. An increase in renal tubule tumors was not found in in ice or female 
rats exposed to these chemicals. Initiation/promotion studies· with gasoline, 
trimethylpentane (TMP) and d-limonene in Fischer 344 rats showed that 
these.·CIGA promoted atypical tubule cell hyperplasia and/or renal tubule 
tumors in males but not in females. In contrast, d-limoliene did not promote 
these ·lesions in males of the NCI Black-Reiter (NBR) strain ir'l the same 
initiation/promotion model. Such differences in potency and species-, 
strain- and sex-susceptibility suggest that CIGA renal carcinogens act via 
different- mechanisms than classical renal carcinogens. · 

Renal tubule tumors produced by CIGA carcinogens also have features 
in common with other renal tubule tumors observed in the male rat. For renal 
carcinogens,· in general, there is a continuum of chemically induced steps 
frorri atypical hyperplasia through microscopic adenomas to macroscopic 
adenocarcinomas or carcinomas. Renal tubule tumors induced by the eight 
model'carcinogens are morphologically indistinguishable from those in
duced by classical carcinogens. Likewise, the sequence of development of 
CIGA carcinogen-induced renal tumors from tubule cell hyperplasia to 
carcinoma appears identical. · Furthermore, none . of these chemically 
induced tumors can be differentiated from spontaneous tumors .. 

Other Considerations 
·· .. ·All eight of the model carcinogens examined in this report were also 

capable of producing renal tubule hyperplasia in male· rats. In general, Jhis 
hyperplasia became more severe with increasing dose .. The occurrence of 
thes·e ·pre neoplastic lesions together with the neoplastic lesions provides 
indirect evidence of progression that is in accord with generally_"accepted 
views on renal'tubule tumor formation . 

. ·:· ... "b~se~ and time-related asso.ciatio.ns .between the administration of 
CIGA't() male rats and the various histological stages have been observed. 
These: relationships were demonstrated between CIGA administration for 
both hyaline droplet formation and a2u-g· accumulation. Although the 
relationships between increased hyaline droplets and cell necrosis or 
between ·cell necrosis and cell regeneration have· not been quantified, a 
correlation : between hyaline droplet response and the number of ceils 
excreted in the urine has been observed for CIGA. Dose-response relation
ships between hyaline droplet accumulation and proximal tubule cell prolif
eration have been shown for TMP and unleaded gasoline. Clear dose.;. 
re$ponse relationships were demonstrated between linear mineralization in 
tlw r~lial medulla and incidence of renal tubule neoplasia in male rats in 
sever.al bioassays. A recent study of d-limonene demonstrated a relation
ship be~aen s~yerity of_ nephropathy and renal tubule cancer in male rats. 

The Technical Panel is not aware of any epidemiologic study that has 
been· designed or conducted specifically to examine the applicability of the 
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CIGA hypothesis to renal cell cancer in humans. Several epidemiologic 
studies were reviewed for this report, but they are of limited value for this 
analysis because they involved exposure to complex blends,· such as 
gasoline, or otherwise involved multiple exposures to both CIGA and non
CIGA. In addition, these studies were of limited statistical power andwere 
not able to account for possibly confounding factors, such as smoking or 
obesity, which are known to influence renal cell cancer rates. In a few 
studies, slight increases in risk of renal cell cancer have been observed; 
however, the other factors described above could have easily accounted for 
the increased risk. These studies, therefore, are considered inadequate for 
purposes of exploring the relevance of the a2u-g hypothesis in humans. 

Low-molecular-weight proteins that probably have a three-dimensional 
structure similar to a

2
u -g have been identified in mice and other species, 

including humans. In vitro studies have shown that the active metabolite of 
TMP forms complexes with some of these proteins. Other in vitro studies 
indicate, however, that reversible binding does not necessarily increase 
resistance to hydrolytic degradation, a feature apparently required for 
hyaline droplet formation. 

Extensive studies of mice, whose urine contains large amounts of 
mouse major urinary proteins (MUP), have found no evidence of renal 
lesions similar to those associated with the a2u-g syndrome. Thus, the 
presence of a structurally related protein, even in large quantities in the 
urine, does not imply that another species will respond in a manner similar 
to the male rat. 

The form of a
2
u -g that originates in the liver of the male rat is not detected 

in the female rat. Like the mouse, the female rat shows no evidence of an 
a

2
u-g-like nephropathy when exposed to CIGA. In cases where nephrotoxicity 

was observed in mice or female rats, it was less severe ·or qualitatively 
different from that in male rats and did not involve the spectrum of discrete 
lesions associated with a2u-g accumulation in the male rat. 

Specialized studies of rats, such as those involving immature, aged and 
castrated male rats, males of the NCI Black Reiter (NBR) strain (which does 
not synthesiz~ 02u -gin the liver), and injection of male rats with estrogen and 
female rats wath af!u -g, show that dev~Iopment of the early features of the 
specific nephropatny syndrome occurs only in the presence of 02- g. Very 
limited information from dogs, hamsters, guinea pigs, and monkeys also 
supports this statement. These studies further suppo"rt the hypothesis that 
this a

2
u-g-related nephropathy occurs specifically in the male rat. 

Summary 
In summation, the reversible binding of the compound to 02 -g, which 

results in a shift in balance between reabsorption and hydrolysis and the 
accumulation of a

2 
-g in hyaline droplets in the P2 segment of the renal 

tubule, provides a plausible explanation for the initial steps in a sequence of 
events leading to the formation of renal tubule tumors in the male rat. A 
sustained protein overload would result in single-cell necrosis in the tubule 
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. · epithelium and increased cell regeneration, with_granularcastformation and 
,. papillary mineralization as indirect consequences. The increased prolifera

:· tive response caused by chemically induced cytotoxicity may be a plausible 
reason for the .development of renal tubule tumor in male rats. Thus,· renal 
tubule tumors produced in male rats in association with CIGA-induced 

: ·~u-9 nephrop~thy should be distinguished from other renal tubule tumors 
. in terms of use in human risk assessment. · 
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II. Introduction· ·. : . :· .. · .. ..... 

For most' hazardous chemicals, adequate human data are not available, 
and risk analyses must rely on information from laboratory studies of rats or 
mice. The inference that the results of animal experiments can b~ applied 
to humans·i~:fa fi.mdamental'principle of all toxicologic research. This>paper 
deals with a _specific case, however, where the male rat seems to respOnd; 
in a different manner than other laboratory species. The possibility of a 
unique response in the rat among laboratory animals-raises questions about 
the applicability of certain rat data to other species, inCluding humans. This 
document provides guidance for the assessment of such information. 

A variety of organic chemicals have produced specific renal lesions in 
male rats in the form of a hyaline droplet nephropathy accompart,{¢~'· ~Y · 
accumulation of the protein, alpha2u -globulin (a2u -g) '(Health Effects Institute 
[HEI]1985,. 1988). Among the chemicals tested are paraffins (Halder·etal.; · 
1984; Phillips and Cockrell, 1984), decalin (decahydronaphthalene) (Alden 
et al., ~9~4; ~anerva et at., 1987a), petroleum-based and syntheti~. fuels 
(MacNaughton and Uddin, 1984), military aviation propellants (Bru'ner, 
1984) and 2,2,4-trimethylpentane (TMP) (Halder et al., 1985). As seen in 
Table .1, which lists a sampling of chemicals that have been tested, many ar~ 
of considerable regulatory and commercial interest. For example, isopJ1qrqne 
is a chemic.al intermediate of major industrial importance. Aviation and 
automotive fuels fit into the category, as does the natural food pr,gdu~t •. 
d-limonene, found in citrus oils. · · · · · ··-' · ·. 

This analysis .focuses on model compounds having both an adequate 
animal carcinogenesis bioassay and information on a2u -g or hyaline droplet' 
accumulation,in the male rat. These substances are seven chemicals; 1 ;4..; 
dichlorobenzene (1 ,4-DCB), dimethyl methyl phosphonate, hexachloroeth
ane, isophorone, d-limonene, pentachloroethane, and tetrachloroethylene 
and a mixture, unleaded gasoline. These eight substances are compated 
and contrasted with two related non-a2u -g-inducers, chlorothalonil and 
trichloroethylene~ The analysis also relies on research studies on-tw.() Qther,. 
model' compounds, decalin and TMP, which have extensive information on 
~-g nephropathy but no chronic bioassay data. More limited infqt,mati6n 
on 24 additional substances is also discussed where appropriate. · · 

:; ;·· .... ; 

Of the eight model substances tested in chronic animal bioassays, .all 
invoked a specific type of protein droplet nephropathy in male rats and also 
produced renal tumors in male rats but not in other species tested~' It has 
been proposed that such renal tumors are the end produd in the following 
sequence of functional changes in the epithelial cells of proximal tubules 
(Universities Associated for Research and Education in Pathology [UAREP], 
1983; Alden et at., 1984; Halder et al., 1984; HEI, 1988; Swanberg et al., 
1989). 

• Excessive accumulation of hyaline droplets in proximal tubules, 
representing lysosomal overload, leads to tubule cell 
degeneration, cell loss, and regenerative cellular proliferation. 
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Table1. Examples of Organic Chemicals that have Produced Rena/Injury in Male 
Rats Characterized by Hyaline Droplet Accumulation but not in Female Rats 
or other Species. 

Renal 
cham leal Species Tested Toxicity Reference 

Decalin Rats (m/f) +1- Alden et al.(1985) 
Mice (m/f) -1- USEPA (1987) 
Dogs (m/f) -1- . 

Guinea 
pigs (m/f) -/-

Dimethyl methyl- Rats (m/f) +I:- NTP (1987b) 
phosphonate Mice (m/f) -I-

lsophorone Rats (m/f) +1- NTP (1986a). 
Mice (m/f) -1-

JP-4 jet fuel Rats (m/f) +1- MacNaughton and 
Mice (in/f) -1- Uddin (1984) 
Dogs (m/f) . -1-

~-::..1 

JP-5 shale-derived Rats (m/f) +1- MacNaughton and 
jet fuel Mice (m/f) -1- Uddin (1984) 

Dogs (m/f) -1-

d-Uritonene Rats (m/f) +1- NTP (1990) 
Mice (m/f) -1-
Dogs. (m/f) -1- Webb et al. ( 1990) 

Methyl isobutyl Rats (m/f) +1- Alden·etal. (1984). 
ketone Mice (m/f) -1- Phillips at al. 

Dogs (m) (1987) 
Monkeys (m) 

Pentachlorqethane Rats (m/f) +1- NTP (1983) 
Mice (m/f) -1-

Unleaded gasoline Rats (m/f) +1- USEPA (1987) 
Mice (m/f) -/-

m::: mcile 

f= female 

+=positive 

~=negative 
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• Cell debris in the form of granular casts accumulates at the 
"corticomedullary" junction with associated dilation oft he affected 
tubule segment and more distally, mineralization of tubules 
within the renal medulla. 

• Single-cell necrosis accompanied by compensatory cell 
proliferation and exacerbation of the chronic progressive 

. nephropathy (CPN) characteristically found in aging rats occurs~· 
• . Renal tubule hyperplasia and neoplasia develop subsequently. 

: According to this hypothesis, the increased proliferative response · 
caused by·the chemically induced cytotoxicity results in clonal expansion of 
spontaneously initiated renal tubule cells and increased incidence of renal 
tumor formation (Trumpet al., 1984a; Alden, 1989; Swanberg et al., 1989). 
This line of reasoning leads supporters of the hypothesis to conclude that 
the acute and chronic renal effects induced in male rats by such chemicals 
will be unlikely to occur in any species not producing cx2u -g, or a very closely 
related protein, in the large quantities typically seen in the male rat (Alden 
1989; Borg hoff et al., 1990; Green et al., 1990; Olson et al., 1990; Flamm and·· 
Lahman-McKeeman, 1991; Swanberg, 1991). 

This report examines the hypothesis that the male rat is predisposed to . 
the nephrotoxic effects induced by certain classes of chemicals, such as. 
volatile light hydrocarbons and organohalides. lt. also examines data that 
support or contradictthe conceptthatthe renal tumors produced in male rats 
by these .chemicals are causally related to the nephrotoxicity. Based on the 
Risk Assessment Forum's (RAF) conclusions regarding these data, the 
document describes. a uniform approach for EPA to use in risk assessments 
dealing with this spectrum of lesions and category of chemicals .. 

Information forth is RAF report was obtained initially from a 1988 review 
entitled, "Evaluation of Data Concerning the Relationships among Chemi
cally-induced Renal Alph~11Giobulin or. Hyaline Droplet Accumulation, 
Nephropathy, and Renal Neoplasia" prepared for the Office of Toxic 
Substances by Dr. William Richards of Dynamac Corporation, Rockville, 
Maryland. Additional information considered in this report includes recent 
comprehensive reviews of the subject, comments from peer reviewers, and 
other original work, especially publications subsequent to the 1988 Dynamac 
review. 

· This report has four parts. Following this brief introduction, Part 1 
addresses the characteristics of hyaline droplets, the protein, ~ -g, and the · 
nephropathy associated with ~u-g accumulation (Sections Ill and IV). · 

Part 2 {Sections V-VIII} presents data on the carcinogenic potential of 
chemicals inducing alpha2u -globulin accumulation (CIGA) in the male rat. 
Section V describes the preneoplastic and neoplastic lesions produced by 
classical renal carcinogens. Section VI considers generic factors relevant to 
all studies of potential renal carcinogenicity in laboratory animals and then 
analyzes and discusses data on the renal lesions observed in 2;.year 
bioassays with chemicals causing the hyaline droplet nephropathy. Section 
VII examines additional information that assists in defining renal carcino-
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gens as :CIGA, in particular gQnotoxicity and initiation-promotion data. In 
Section VIII, CIGA are compared with classical renal carcinogens, while 
Section IX considers the human evidence for kidney cancer, its t)istogenesis 
and epidemiology. Section X examines evidence for the hypothesized 
dose- and time-dependent progression of lesions .. 

Part 3" evaluates the evidence considered in Parts t and 2 with regard 
to the hypothesis that a. u -g accumulati9n in the kidney is an initial step in 
a succession of histopathologic events that may culminate in renal tubule 
tumor formation in male rats. This part also lists priorities for future research . 

. !. . . . . . 

·Part 4 comprises the Agency policy statement regarding approa:cties to· · 
risk assessment for this category of Chemicals. . . 

' :: .. 

For clarity throughout the review, nomenclature is standardized,·and·. 
abbreviations are used for frequently repeated terms. Insofar as hyaline . 
droplet represents a morphological entity requiring only light microscopy· for 
identification, this term will be used in preference to the synonymous protein 
droplet 1• The designation, a2u -g nephropathy is used to connote the full 
sequence of pathologic lesions from hyaline droplet formation to restor~tive. . 
hyperplasia and medullary mineralization. Toxic tubular nephropathy is a 
nonspecific term commonly used in -rodent bioassay reports to· describe 
various' forms of nephrotoxicity induced by chemicals, including the specific-: 
lesions of ~u-g nephropathy .. The spontaneous age-related syridrome··of- : 
rat kidney disease otherwise known in the literature as old rat nephropathy, · 
chronic nephrosis, glomerulosclerosis, and progressive glomerulonephrosis;_· . 
is ·standardized according to Barthold (1979) as chronic progressive· 
nephropathy (C PN) ~ The term lipocalin is used according to the terminology 
of Pervaiz and Brew (1987) to describe the superfamily of low:.molecula'r- ·· 
weight proteins which appear to transport lipophilic substances. . ' ' . 

. hi rats, the proximal tubule of the nephron is divisible morphologically : ' 
into three parts (see Figure 1). The first segment is in continuity with the-· 
parietal epithelium of Bowman's capsule surroundil!g.the glomerular tuft. 
Together, the first and second segments represent the convoluted portion 
of the proximal tubule and are situated wholly in the cortex, the·outermost -
zone of ·the rat kidney. The third segment is the straight portion of the 
proximal tubule (pars recta) comprising the outer stripe of the outer medulla · 
but also the medullary rays arising in the cortex. The abbreviations P1, P2, 
and P3 are used conventionally to denote these three segments. The term 
reil~l ~ubule tumor describes neoplasms of the renal cortical tubule ~pithe
liurri comprising collectively adenoma, adenocarcinoma, and· carcinoma 
according to standardized nomenclature determined by the Society of· 

. . •' 

1 Hyaline Qroplets refer to spherical inclusions in the cytoplasll') which·are homogeneous 
and eosinophilic, representing overdistended phagolysosomes. They may contain · 
various ma_cromolecules including a2u -globulin. The morphology of droplets containing 
different proteins me:, oe identical and therefore immunocytochemistry is required for 
·preeise definitiion of contents. 
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Figure ·1. Diagram of Zonation and Tubule Segmentation in Rat Kidney. : G: Glomerit
/us; PI: First segment of proximal convoluted tubule; P2: Second segment of 
proximal convoluted tubule;P3: Pars recta ofproximal tubule. 

Source: Adapted from Bachmann eta/. (1986). 

• Toxicolo~ic Pathologists (HC\rd et al.,.199.1). Except when specified, ·the 
terms adenocarcinoma and carcinoma are used interchangeably. The 
same neoplasms are referred to as renal cell tumors in humans; ·in keeping 
with the general literature (Bannayam and Lamm, 1980). 
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Part1. Nephrotoxicity 

Ill. Hyaline Droplets and Alpha2u • Globulin; Physiology and 
Biochemistry 

Information on the renal processing of low-molecular-weight proteins, 
sex and species differences in urinary proteins, and the characteristics of 
~u -g provides an explanatory basis for the accumulation of ~ -g in hyaline 
droplets in the male rat following exposure to CIGA. It is pertinent, therefore, 
to examine the physiological and biochemical characteristics of ~ -g and 
related proteins, particularly those that occur in humans~ before exploring 
the possible associations between a2u-g accumulation, renal toxicity and 
rena! tumor formation and their relevance .to human risk .assessment. 

A. Filtration, Reabsorption, and Catabolism of Low-Molecular
Weight Proteins by the Kidney · 
The mammalian kidney has a major role in maintaining the plasma 

concentrations of circulating low-molecular-weight proteins at their normally 
low, physiological levels Thus, low-molecular-weight proteins are continu
ally removed from the plasma by glomerularfiltration followed by reabsorption 
and catabolism in the proximal tubules (Maack et al., 1985) or by excretion. 
Figure 2 is a schematic representation of the cellular uptake and disposition 
of filtered proteins by the renal tubule. 

The normal renal glomerulus freely passes proteins with a molecular 
weight of less than 20,000 daltons, including peptides such as insulin, 
lysozyme, rat growth hormone, myoglobin, and cytochrome C (Maack et al., 
1985). For larger proteins like the albumins and globulins, which have a far 
greater plasma concentration and much lower filtration rate than low
molecular-weight proteins, the kidney has no regulating role in plasma 
protein concentration. 

Reabsorption of filtered protein occurs predominantly in the convoluted 
part of the proximal tubule and to a lesser extent in the pars recta cells. 
Tubular absorption of a protein is a complex process initiated by binding of 
the protein to the microvilli of the proximal tubule epithelium. This is followed 
by migration to the base of the microvilli and adsorptive endocytosis 
whereby invagination of the surface membrane internalizes th~ protein 
(Kaysen et al., 1986). While reabsorption was once considered largely 
nonselective, high capacity, low affinity transport (Maack et al., 1985), from 
recent work it now appears that interaction between the prot~in and the 
.brush border membrane is the step at which a degree of selectivity in the 

. absorption process occurs (Kaysen et al., 1986). 
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Figure 2. Schematic representation of endocytic uptake of filtered proteins. ·Fil(ered 
proteins are adsorbed to enclocytic sites at the lumenal membrane· and 
segregated in endocytic vacuoles (EV). These EV migrate to th(] cell interior, 
where they fuse with lysosomes (L) to form secondary lysosomes·(SL) or 

· phagolysosomes vyhere digestion of the protein takes place. TIJe products of 
·hydrolysis (amino acids) permeate the SL membrane, cross the 
contralumenal cell membrane, and return to the circulation. 

SOURCE: Adapted from Kaysen eta/. (1986). 
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Within proximal tubule cells, endocytic vesicles fuse to form endocytic 
vacuoles which in turn coalesce with iysosomes derived from the Golgi 
apparatus, forming secondary lysosomes. The hydrolysis of proteins by 
protease enzymes takes place within the secondary lysosomes. The 
lysosomal enzymes of renal cortical tubules include two major classes of 
acid proteinases, i.e., cysteine proteinases (cathepsin B, H, and L) and an 
aspartic acid proteinase, cathepsin D (Lehman-McKeeinan et al.; 1990a). 
Lahman-McKeeman et at. (1990a) have shown that both of these endopep
tidase classes contribute to the deg·radation of a 2u·g. 

. -. . 

Lysosomes have a large, but not unlimited, capacity to cope with· 
increased amounts of hydrolyzable proteins, but the protei~s differ in 
susceptibility to hydrolysis. Protein half-lives, which are indices of their 
catabolism by proteases in the kidney, depend on specific molecular 
determinants in the protein. The primary amino acid sequence may be one 
important factor in determining protein half-lives (Dice, 1987). The plasma 
half-lives of many low-molecular-weight proteins are measured typically in 
minutes (Maack et al., 1985). One of the exceptions is a.2u -g, with a half-life 
measured in hours (Geertzen et al., 1973). . · 

Whether or not low-molecular-weight proteins like a.2u -g accumulate in 
kidney tubules depends on the balance between the rate of reabsorption by 
epithelium and the rate of hydrolysis in the cells. Based on the information 
presented below, it is believed that exposure to CIGA results in a shift of this 
balance in male rats. 

B. Hyaline Droplets in Renal Tubules 
The product of protein reabsorption and accumulation in renal tubule 

cells is visualized by light microscopy as hyaline droplets. Small protein 
reabsorption droplets of uniform size are a constitutive feature of normal 
mature male rats being particularly evident in the P2 segment of proximal 
tubules (Logothetopoulos and Weinbren, 1955; Maunsbach, 1966a; 
Goldsworthy et al., 1988a). Ultrastructurally, hyaline droplets are abnor
mally large, dense, secondary lysosomes (also termed phagolysosomes), 
representing fusion of endocytic vacuoles with primary lysosomes. Some 
hyaline droplets show crystalloid changes by electron microscopy that are 
not observed in the lysosomes of female rats (Maunsbach, 1966b). Crys
talline formation in the normal male rat is believed to indicate the presence 
of a poorly catabolized protein in pure solution (Pesce et al., 19~0), 
presumably a.

2
u -g in the kidney Jysosomes. · · · 

Hyaline ·droplets in the proximal tL!bules of normal male. rats contain 
~u"9 (Alden et al., 1984; Garget al., 1987; Goldsworthy et al., 1988a), and 
their occurrence appears to parallel the variable synthesis of this protein. 
Thus, hyaline droplets become apparent in male rats at the time of puberty, 
but they decline progressively with increasing age after 18 months 
(Logothetopoulos and Weinbren, 1955; Murty et al., l988} .. In female rats, 
protein droplets in proximal tubules are either absent or considerably less 
frequent than in males, and they do not contain ~u-g (Logothetopoulo.s and 
Weinbren, 1955; Maunsbach, 1966a; Goldsworthy et al., 1988a; Burnett et 
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al.; 1'989). Hyaline droplets are 'Substantially reduced in castrated male rats 
(Logothetopoulos and Weinbren, 1955). 

Because an abnormal increase in hyaline droplets has more than one. 
etiology and can be. as~o~iated with the accumulation of different proteins, 
it is necessary to apply special diagnostic methods such as immunohisto.
chemical staining to make the association between chemical exposure and 
pathologic accumulation of ~u-g. · 

.· .. Abnormal accumulation of hyaline droplets in rodent kidney is seen in 
certain ·dis~ase processes. Both male and female rats with histiocytic 
sarcoma show hyaline droplet accumulat.ion in the proximal tubules, indis~ 
tioguishable from the CIGA-induced lesion. The accumulating protein in 
these tumor-b~aring animals has been identified as lysozyme (Hard and. 
Snowden; 199.1). Similarly, in male and female mice with histiocytic tumors, 
a~.normal accumulation of lysozyme-containing hyaline droplets sometimes 
o.ccurs in proximal tuoules (Hard and Snowden, 1991 ). 

. . 

. · ...Jn humans, the Bl:mce-Jones proteins, a class of light chain immuno
globulins,· are produced in large amounts in multiple myeloma patients 
(Pirani et · al., 198;3). ·In human cases of mononuclear cell leukemia, 
lysozyme is produced (Muggia et al., 1969). The kidney injury seen with 
these neoplastic diseases has been described as similar to that produced 
by.administration of decalin to male rats (Alden, 1986), including protein 
dr9ple~ accumulation in renal tubules (Oliver and .MacDowell, 1958; Pruzanski 
and Platts, 1970;. Pirani et al., 1983). Patients with epidemic hemorrhagic 
fever, infused with large amounts of concentrated human serum albumin as 
a therapeutic procedure for shock have also developed a comparable form 
of hyaline droplet accumulation (Oliver and MacDowell, 1958). 

c. Factors Affecting Kidney Accumulation of Low-Molecular
Weight Proteins 

·. Protein accumulation in the proximal tubule can reach pathological 
levels resulting in excessive hyaline droplet formation for several reasons:. 
(1) the rate of protein delivery to the tubule cells is abnormally high, (2) the 
proteins delivered are difficult to hydrolyze, or (3) the lysosomal hydrolyze 
capacity is sufficiently reduced. 

· The rate of protein delivery to the tubule can be abnormally high under 
conditions when the capillary wall of the glomerulus fails to provide the 
normal filtration barrier. This happens, for example when there is immuno
logical, .inflammatory, or toxic disease in the glo,rnerulus or when the 
permselectivity barrier is overloaded by filterable proteins (Kaysen et al., 
1986). 

The increased urinary excretion of low-molecular-weight proteins seen 
in di~eases such as multiple myeloma in humans or histiocytic sarcoma in 
rats is primarily 'the result of an increase in plasma conce.ntration caused by 
overproduction of specific small proteins (Maack et al., 1985). Lysozyme 
(histiocytic·sarcoma) and light chain immunoglobulins (multiple myeloma) 
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are-proteins that are relatively resistant to hydrolysis (Maack et al., 1985). 
This suggests a combination of rate of delivery and difficulty of hydrolysis as 
etiologic factors in the accumulatiqn of lysozyme in rats with histiocytic 
sarcoma and light chain imm"unoglobulins in humans with multiple myeloma. 
The combination of difficult hydrolysisotthe protein, as suggested by its long 
halt-me; coupled with high rate of protein delivery to tubule cells in the 
sexually mature male rat also appears to be a factor in the accumulation of 
~u -g in the renal tubules of male rats. · · · · 

The process of protein hydrolysis can be reduced or inhibited when 
Jysosonies are unable to maintain the low pH required for hydrolytic enzyme ' 
function~ Inhibition of the· metabolic~lly driven hydrogen· ion pump, by 
metabOlic poisons or the presence of a weak base in tubule lysosomes, 
alte·rs the pH and results in the accumulation of proteins (Maack et aL, 1985). 
In the presence of a reduced lysosomal hydrolysis capacity, the most 
hydrolytically resistant proteins, like ~u -g, tend to accumulate first. Testos-. 
terone is known to have a suppressive effect on the activity of some major 
proteolytic enzymes in the male rat kidney (Kugler and Vornberger, 1986). 
Consequently, the lysosomal protease activity i(l male proximal tubules is 
lower than that of females (Jedrzejewski and Kugler, ~ 982; Kugler and 
Vornbemer, 1986) implying that the male rat ·could be intrinsically. more . 
prone to protein overload in the renal tubules than .the female rat. . · · 

· Reduction of the hydrolytic capacity of renallysosomes and increase~ 
resistance of protein to hydrolysis can both be affected by exogenous 
chemicals: Although CIGA may not compromise kidney lysosomal enzyme· 
activity per se (Murty et al., 1988; Lehman-McKeeman et al., 1990a), any 
chemically induced impediment to a.2u -g digestibility caused by CIGA would 
be further superimposed on the causes considered previously that alone 
can result in excessive protein accumulation in renal tubules. 

D. . The Alpha2u -globulin Superfamily of Proteins · 
··Aipha2u -globulin 2 is a member of a large superfamily of low-molecular

weight proteins. The complete· amino· acid sequence of a.
2
u -g was first 

deduced by Unterman et al. (1981 ). With the exception of a2u -g and mouse 
major urinary protein(s) (MUP), the sequence homology between any pair 
of proteins in this superfamily is small, about 20 percent (Akerstrom.and 
Logdberg, .1990). Statistical analysis shows, however, that the proteins are 
related evolutionarily (Akerstrom and Logdberg, 1990). · . ·. . . 

· Of the approximately 20 proteins now considered to be potential 
members of the superfamily (Akerstrom and Logdberg, 1990), the three
dimensional structure is known for only three, retinol-binding protein, 13:.: 
lactoglobulin,_ and insecticyanin (Sawyer, 1987). The central core of these 

2 The male rat urine protein, alpha~ -gl.obulin is named in accordance with immunoelectro~. 
. phoretic ·nomenclature (Roy and Neuhaus, 1967) .. Because of its size, some authors 
··refer to this protein as alph~- microglob~lin or alpha 2J.L- globulin, a term moreappropri-· 
· ately reserved for another low-molecular-weight endometrial protein associated ·. 

with pregnancy. · 
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three proteins is composed of eight strands with a (3-barrel structure forming 
a hydrophobic pocket that appears to enclose the ligand (Papiz et al., 1986; 
Sawyer, 1987). This structure has been described as resembling a coffee 
fiHer paper (Akerstrom and Logdberg, 1990). In addition to theb.,.structural 
motif, one helical rod and several other structural elements appear to be 
conserved amorig the proteins. Protein folding patterns tend to be highly 
conserveq in homologolJs proteins even though they may diverge consid
. ~rably in structure and function, suggesting that other members of the 
~upertamily, including ~u -g, possess a similar three-dimensional structure. 

. The only member of the protein superfamily with a clearly defined 
·physiological function is retinol-binding protein. More circumstantial evi
, dence suggests that the superfamily members serve as carriers of lipophilic 
molecules (Pervaiz and Brew, 1987). The mode of binding in which the lipid 
ligand is enclosed within the {3-barrel impressed Pervaiz and Brew as not 
unlike the protective role of the calyx to a flower. On this basis, they 
suggested the illustrative name, lipocalins, for the superfamily of proteins. 

Table 2 illustrates the information available on several members of the 
lipocalin superfamily, which includes ~0-g, retinol-binding protein, 
apolipoprotein D, a.1-acid glycoprotein, a.1-mlcroglobulin, ruminant (3-lacto
globulin, and pyrazine-binding protein {i.e., odorant-binding protein), rat 
odorant-binding protein, and MUP. Some of the members·onhe.lipocalin 
superfamily, such as retinol-binding protein, a.1-acid glycoprotein, and a.1-

microglobulin have been identified in many species, and their properties 
appear to be species-independent, suggesting that they share a common 
vital function (Akerstrom and Logdberg, 1990). Others, such as a.2u -g and 
MUP seem to be species-dependent. 

. Several functions have been suggested for a. u -g. Cavaggioni et al. 
(1987) speculated that ~u -g may serve to transfer odorants such as ethereal 
lipid pheromones· from male rat urine to the air for attracting females. 
Glandular tissue production of a.20-g helps support these speculations 
(Murty et al., 1987; Mancini et al., 1989). In addition, a.20-Q has been 
identified as a fatty acid-binding protein of the kidney (Kimura et at., 1989) 
and may serve to transport fatty acid, an important energy source in kidney, 
within renal epithelial cells. Brooks (1987)· found a protein structurally 
related to ~u -g that is synthesized and secreted by the rat epididymis under 
the influence of androgenic hormones. He speculated that the function of 
these proteins may be to carry retinoids within the lumen of the male 
reproductive tract. 

Other members of the lipocalin superfamily, such as retinol-binding 
protein, apolipoprotein D, (3-lactoglobulin, and a.

1
-acid glycoprotein, function 

in the transport of lipids between cells and across hydrophilic barriers 
'(Pe'{sner et al., 1988). The lipids bound by the proteins differ considerably 
in structure. and· range from odorants in rat nasal epithelium to· human 
cholesterol and retinol (vitamin A). It is not yet clear how selective these 
proteins are for specific ligands or whether a given protein might bind a wide 
spectrum of small hydrophobic molecules. Both cases might occur since 
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T•bl• 2. · Superfamily of Upophilic Ugand-Binding Carrier Proteins 

Protein Species Tissue or ·Molecular No, of Reference 
body fluid weight amino acids 

a.1-Acid glycoprotein Mammals Plasma 23,000 184 Pervaiz and .Brew ( 1987) · 
(acute-phase protein) (unglycosylated) 
(Orosomucoid) 43,000-60,000 Arnold and Meyerson (1990) 

(complex type) 

Apolipoprotein D Mammals Plasma 19,300 169 Drayna et al. (1986) 
(cholesterol-associated) 

a.1 Microglobulin Mammals Plasma 
(Protein HC) 

20,619 182 Akerstrom and Legdberg (1990) 

Retinol-binding protein Mammals Liver, 22,868 182 Papiz et al. (1986) 
.... plasma, retina 

"""" 
Endometrial a.2..:globulin Mammals Placenta 25,000 NR 

(pregnancy-associated) 

ji-Lactoglobulin Ruminants, Milk 18,000 162 Papiz et al. (1986) 
other species 

Odorant-binding protein Rat, cow Nasal 18,091 172 Cavaggioni et al. (1987) 
(Pyrazine-binding protein) epithelium Cavaggioni et al. (1990) 

a.2u-Giobulina Rat Male urine, 18,709 162 Unterman et.al. (1981) 
preputial gland 

Androgen-dependent 
secretory protein 

Rat Epididymis 18,500 184 Brooks (1987) 

Fatty-acid-binding proteinb Rat· Kidney 15;500 NR Kimura et at. (1989) 



..... 
00 

Table 2. (cont.) 

Protein 

Major urinary protein 

Purpurin 

Bowman's gland protein 

lnsecticyanin 
(Bilin-binding protein) 

Species 

Mouse 

Chick 

Frog 

Tobacco 
hornworm, 
butterfly 

Tissue or --
body fluid 

Urine 
(both sexes) 

Retina 

Olfactory 
epithelium 

Hemolymph 

Adapted from Pevsner et al., 1988, with additional information as noted. 
NR = Not repo~ed. characterization of protein incomplete. 

a Also occurs in other secretory organs. 
b Described as a2u-globulin by Kimura et al., 1989. 

Molecular --No. of R-eferenee 
weight amino aCids 

18,730 162 

21,924 196 

20,300 182 Lee et al. ( 1987) 

21,382 189 Godovac-Zimmermann ( 1988} 

NR NR Sawyer (1987) 



retinol-binding protein is quite specific for retinol, whereas odorant-binding 
proteins may have a broad range of ligands ( Godovac-Zimmermann, 1988). 

The ability of a chemical to serve as a ligand for one member of the 
superfamily appears to be a poor predictor· of binding affinity for other 
members of the superfamily. Cavaggioni etal. ( 1990) measured the binding 
affinities of ~u -g, M UP, and pyrazine-binding protein isolated from calf nasal 
mucosa for a series of odorants. MUP bound only one of these chemicals, 
pyrazine-binding protein bound six, arid a.2u -g bound twelve. The best ligand 
for a~0-g was chemically .imrelated to the best ligands for the other two 
protems, which were also chemically unrelated. 

E. Characteristics of Alpha211 -globulin 
Alpha20-globulin was first characterized in male rat urine (Roy and 

Neuhaus, 1967}. All isoforms of a.~g are anionic at neutral pH although they 
hav~ varying isoelectric points. 1 he molecular weight of ~0-Q has been 
reported to be 18,000 to 20,000 daltons. In all rat strains tested to date, 
except for the NCI Black-Reiter (NBR) r~t. a strain that appears to have a 
tissue- and gene-specific regulatory defect involving a.

2 
. ..,g (Chatterjee et al., 

1989), the major urinary source of ~u-g is the liver 
0

Where a.2 -g mANA 
constitutes approximately 1 percent of tlle hepatic mANA population (Sippel 
et al., 1976; Kurtz and Feigelson, 1977). The hepatic isoforms of a.

20 
-g may 

varythroughoutthe lifetime (Roy et al., 1983}. Synthe~isofthe protein in rat 
liver is under multihormonal control, particularly androgen, but also glu
cocorticoids, thyroid hormones·, insulin and growth hormone (Feigelson and 
Kurtz, 1977; Roy and Chatterjee, 1983). These hormones appear to act by 
regulating the steaciy-state level of a.20 -g mANA (Kurtz and Feigelson, 1977). 
Neither ~u -g nor its corresponding mANA are detectable in the livers of 
sexually intactfemale rats (Sippel et al., 1975; 1976; Macinnes et at., 1986). 
However, a very loW background level of the mANA has been indicated in 
the ovariectomized female rat (Chatterjee et aL, 1979), ahd ovariectomy in 
concert with androg~n treatment induces a parallel increase in a.20 -g and its 
mANA in female rat liver (Roy and Neuhaus, 1967; Sippel et al.; 1975). 

Although .plasm·a and urinary a.20 -g derive predominantly from the liver 
in male rats, high levels of ~0-g and its mANA are also present in the 
preputial gland of both male. and female rats, and neither castration nor 
ovariectomy significantly alter the preputial concentration of this protein and 
its mANA (f\4urty et al, 1988). Alpha20'-globulin mANA has also been 
detected in the female mammary gland during pregnancy, and in the· 
submaxilla,Y, ·J~chrymal, Meibomian, and perianal glands of rats of both 
sexes (Macinnes et al., 1986; Mancini et al., 1989}. The female forms of 
~u -g show distinct differences from male rat a~u -g suggesting that they are 
encoded by different genes (Vandoren et al., 1983).: 

Low levels .of a.20 -g first become detectable in the male rat liver under the 
stimulus of testosterone at 35 to 40 days, reaching maximum adultlevels by 
60to 80 days (Royet al., 1983; Motwani et al., 1984; Macinnes etal., 1986). 
Due to the development of hepatic insensitivity to androgen during aging, 
hepatic synthesis ofa20 -g begins to fall gradually in male rats some time after 

. . . . . 
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5 months of age. By 22 months of age, there has been a drop of over 90 
percent, with ~u ..g being virtually undetectable in senescent animals (Roy 
et al., 1983; Motwani et al., 1984; Richardson et al., 1987). Renal cortical 
tissue content (Murty et al., 1988) and urinary excretion (Neuhaus and Flory, 
1978; Motwa~i et al., 1984) of ~u~g reflect the same age-related trends as 
synthesis in the liver. . 

In the mature male rat, approximately 50 mg of ~u -g is filtered per day, 
40 percent of the filtered protein being excreted in the urine and 60 percent 
undergoing reabsorption and catabolism (Neuhaus et al., 1981; Caudill et 
al., 1991). Alph~u-globulin is catabolized slowly relative to most ·other 
proteins in the glomerular filtrate with the half-life in plasma, kidney cytosol, 
or lysosomal preparations being 5 to 8 hours (Geertzen et al.; 1973; 
Ekstrom, 1983; Lahman-McKeeman et al., 1990a). In vitro studies indicate 
that ~u-g is more resistant to lysosomal enzyme digestion than bovine 
J3-lactoglobulin and lysozyme {Charbonneau et al., 1988). In another study 
comparing members of the protein superfamily, ~u-g and a.1-acid glyco-
prot~in were the most resistant to proteinase K digestion while retinol
binding protein and ·!}-lactoglobulin were 1000- to 1 00,000-fold more easily 
hydrolysed {Borghoff et al., 1990). These data indicate that ~u-g may be 
more likely to accumulate in the kidney than most other members of the 
superfamily if shifts in the balance between reabsorption and hydrolysis 
occur. 

F • . Sex and Species Comparison of Urinary Protein Content of 
the Lipocalln Superfamily 
Relative to the female rat, and other species including humans, the 

normal mature male rat is physiologically proteinuric. This is due to the 
amount of a.2u-g secreted in male rat urine, 1.36-8.64 mg/day/g kidney 
(Neuhaus and Lerseth, 1979), which is 1 00 to 300 times more than observed 
in female rat urine (Shapiro and Sachchidananda, 1982; Vandoren et al.,. 
1983). The mouse can also be described as physiologically proteinuric 
because o.f a high urinary content of MUP (Thung, 1962). MUP shows the 
greatest similarity to ~u-9 in the lipocalin superfamily, sharing 90 percent 
amino acid sequence homology (Dolan et al., 1982). R~presenting a group 
of proteins encoded by a multigene family, MUP is synthesized in the liver 
of mice of both sexes but at rates four to five times greater in males than 
females (Hastie et al., 1979; Roy and Chatterjee, 1983). Daily urinary 
excretion of MUP varies considerably among strains (Szoka and Paigen, 
1978). In the B6C3F1 strain, males have been shown to excrete 14.9 mg 
of MUP/day in the urine, and females, 2.1 mg/day (Lahman-McKeeman et 
al., 1990b). Adjusted for body weight, a male B6C3F1 mouse therefore 
excretes approximately 600 mg/kg/day of MUP, some 12-fold higher than 
~u-g urinary excretion by the male rat. Unlike the rat, however, where 60 
percent of filtered a.2u -g is reabsorbed by the kidney, M UP is not reabsorbed 
in the mouse and appears to be totally excreted (Caudill et at, 1991). 

In contrast, normal human urine contains relatively little protein, only 1 
percent of the total concentration present in mature male rat urine (Olson et 
al., 1990). Human urinary proteins are predominantly ·high-molecular-
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weight species with only minor components weighing less than 66,01 
daltons. Within the low-molecular-weight fraction, trace amounts of protei1 
represent the lipocalin superfamily, but none appear to share molecul 
weight identity with ~u -g. The urinary excretion of retinol-binding protei 
a 1-acid glycoprotein and a 1-microglobulin has been measured at 0.0001 
0.0007,. 0.0006 to 0.002, and 0.02 to 0.05 mg/day/g kidney, respectivE 
(Berggard, 1970; Peterson and Berggard, 1971; Ekstrom and Berggar 
1977). Thus, the urinary excretion of a 2u-g in the male rat is approximatE 
two orders of magnitude greater than the human urin~ry content of the thn 
superfamily proteins combined. 

Recently, a sex-dependent protein of unknown origin and functio 
termed urine protein 1, was identified in normal human urine (Bernard eta 
1989). The molecular features of protein 1 are similar to~ -gas it has 
molecular weight of approximately 21,000 daHons and an isoelectric poi 
around 4.8 aHhough its amino acids have not been fully sequenc« 
(personal communication, R. Lauwerys, Catholic University of Lowai 
Belgium, to I. Rodgers, March 25, 1991). Protein 1 occurs in both sexes fro 
an early age, but increases substantially in males after puberty, reaching 1 

to a 50-fold difference over females during late adolescence. A 5-fold rna 
to female differential persists through adulthood. Average urinary conce 
trations of protein 1 have been determined as 108 and 3.2 J.Lg/L respective 
for males and females aged 15 to 20 years, and 24.7 and 5.8 J.Lg/L for male 
and females in the 20 to 60 year age range (Bernard et af., 1989). Sue 
levels of protein1 in human male urine, however, are calculated as four 
five orders of magnitude less than ~u -g concentrations in the urine of rna 
rats. 

G. Noncovalent Binding to Alpha2u·globulln and Its Homologues 
It has been suggested that CIGA bind reversibly and noncovalently 

~u -g, forming a resultant complex that is even more poorly digested in tt 
male rat kidney than ~u-g (Swanberg, 1989). 

1. Chemical t::ntities bound to alpha2u-globulin 
In a few instances, the specific chemical entity complexed with a 2u -g he 

been identified. TMP, a branched chain aliphatic hydrocarben present 
gasoline was the first model CIGA to be studied in this manner. When [1"C 
TMP was administered in a single oral dose to rats, radioactivity We 
retained in the kidneys of males, but not of females (Kloss et al., 198 
Charbonneau .et al., 1987). The major metabolite of TMP in the male r 
kidneys was identified as 2,4,4-trimethyl-2-pentanol (TMPOH) (Charbonnec 
et al., 1987). In a separate report, TMPOH was shown to be the only ligar 
for~ -g whenever TMP was administered to the male rat (Lock et a 
1987a). TMPOH was not detected in the kidney tissue of the female rat 
which excreted more conjugated TMPOH (glucuronides and sulfates) the 
the males (Charbonneau et al., 1987). later studies confirmed, as su 
pected, that th~ TMPOH-~u-g complex is cleared slowly from male r 
kidney (Swanberg, 1989). . . 
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For d-limonene, ~-limonene-1,2-oxide has been shown to be the 
predominant metabolite binding to ~u -g although d-limonene also binds to 
some extent (Lehman~-cKeeman et al., 19.89). For. isopho. rone, the ligand 
is the parent compoun (Strasser et al.. 1988). Following exposure of the 
mare rat to 1,4-DCB, th the parent chemical and the metabolite, 2,5-
dichlorophenol, boun to ~ -g (Charbonneau et al., 1989). About 40 
percent of the 3,5,5-trimethylhexanoyloxybenzene sulfonate administered 
to male rats bound to ~idney proteins even though no protein binding was 
observed in the mous1e or female rat kidney (Lahman-McKeeman et al., 
1991 ). Four metabolit~s were identified in the ~u -g protein fraction, the main 
component being the fjamma-lactone of 3,5,5-trimethyl hexanoic acid. 

2. Nature of the assobiation 
The nature of the ~ssociation of CIGA with ~-g was explored initially 

by Lock etal. (1987a) ~ho dosed sexually mature male Fischer 344 (F344) 
rats with [3H)-TMP, kil!~d them 8 to 72 hours later, and homogenized the 
kidneys. Cytosol, obt~ined by centrifugation of the homoge. nate at 116,000 
g, was applied to a Se hadex G-75 column. About 26 percent of the cytosol 
radiolabel (15% of a I radiolabel in the kidney) eluted in the fraction 
containing a 2u-g. App oximately 19 percent of the radiolabel in the cytosol 
was nondialyzable fol~owing overnight equilibrium dialysis against phos
phate buffer. Chromatography of the dialyzed cytosol showed that the 
nondialyzable radiolabeled material ·coeluted with the peak containing 
~0-g. When 0.1 percent sodium dodecyl suHate (SDS), a detergent which 
affects the secondary/and tertiary structure of proteins, was added to the 
dialysis buffer, there1was a significant loss of binding. These resuHs 
suggested a reversibl binding between the TMP metabolite and the protein 
fraction containing a 211 g (locket al., 1987a). The reversibility of chemical 
binding with ~u-g, whether parent compound or metabolite, has been 
confirmed with tsoph~rone (Strasser et al., 1988), 1,4-DCB (Charbonneau 
et al., 1989), d-limdnene (Lehman-McKeeman et al., 1989), 3,5,5-
trimethylhexanoloxyb~nzene sulfonate (Lahman-McKeeman et al.,1991), 
and lindane (Dietrich and Swenberg, 1991a). 

In the d-limonene/study (Lehman~McKeeman et al., 1989), the amount 
of radioactivity observed in the kidneys of Sprague-Dawley rats 24 hours 
after. oral administration of [14C]-d-limonene was about 2.5 times higher in 
males than in female~. Equilibrium dialysis, in the presence or absence of 
SDS, indicated that approximately 40 percent of the radioactive material 
retained in the male r't kidney was associated with protein. s in a reversible 
manner. Gel filtratiop high-performance liquid chromatography (HPLC), 
reverse-phase HPLCI and amino acid sequencing demonstrated that this 
radioactive material1 was associated with a~ -g. No d-limonene or 
d-lirnonene metabolite coeluted with female rat k1dney proteins. In the 3,5,5-
trimethylhexanoroxyb~nzene sulfonate study (Lehman-McKeeman et al., 
1991), distribution of the chemical was examined in mice and rats of both 
sexes. The male rat kidney contained roughly 10 times the concentration 
of chemical as the f~male rat kidney, and the concentrations in mouse 
kidney were even loier than those in the female rat. 

I 
I 
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I 
- 3. Binding of C/GA to Other macromolecules I 

Reversible binding generally implies a dissociable fhemical-protein 
interaction in which the free chemical can be liberated J!om the protein 
without having produced molecular damage. In contrast, in1~valent binding 
a reactive chemical species, usually an electrophile, reacts [tNith nucleophilic 
centers in target molecules comprising enzymes, other proteins, nucleic 
acids, or lipids. CIGA appear to differ from many known ~hemical toxins, 
nephrotoxins included, which bind covalently and irreve~ibly to proteins 
and/or DNA and through this process cause cellular injury. 

. I 

A DNA binding study with F344 rats and B6C3F1 mice o~ both sexes was 
performed using [1 ,3,5,-14C]-isophorone (Thier et al., 19~)- Twent. y-four 
hours after the animals were administered a 500 mg dose by gavage, liver 
and kidneys were processed for determination of DNA inding. Neither 
isophorone nor its metabolites showed covalent binding to ~NA. In a. ddition, 
metabolically formed degradation products were not inco~rated into the 
DNA by rutnm!Q synthesis of DNA from labeled fragments ~f the xenobiotic. 

In contrast to 1 ,4-DCB, which is a CIGA, 1 ,2-DCB·, ·' closely related 
isomer, does not induce hyaline droplets and appears to b nd covalently to 
proteins in the male rat liver, plasma, andkidney(Charbonn au etal., 1989). 
When administered orally to male rats, 1 ,4-DCB (and its metabolite 2,5- · 
dichlorophenol) in the kidney cytosol eluted as a single eak in the low
molecular-weight fraction containing ~ -g. Dialysis of th~ kidney cytosol 
with SDS led to a substantial loss of 1 ,4-DCB, demonstrati~g the reversible 
nature of the CIGA-protein binding. 1 ,2-DCB bound to low-molecular
weight proteins in the kidney cytosol of male rats, but it also bo,

1 
und to proteins 

in the 64,000 to 70,000 dalton range.· Dialysis of the kidney ytosol with SDS 
failed to remove approximately half the 1 ,2-DCB, sugge ting substantial 
covalent binding of this chemical in the male rat kidney. 

4. Specificity of the interaction of CIGA with alpha2u·glob11in 

The capacity of CIGA to serve as ligands for other lipqcalins, some of 
which are found in humans, has been investigated. Pre,iminary studies 
designed to determine the accumulating protein in the kid~ey of male rats 
exposed to decalin employed two-dimensional gel electr,phoresis of rat 
kidney homogenate (Alden et al., 1984). Although othe~ proteins in the 
lipocalin superfamily are present in the male rat, decalin fNas associated 
solely with ~ -g. Other preliminary studies involving the i~ vitro binding of 
TMPOH to lipocalins suggest that TMPOH, which binds re~ersibly to ~~ -g 
in vitro, may also bind reversibly to three other members of lhe superfamily, 
i.e., retinol-binding protein, a 1-acid glycoprotein and f3-lactoglol• bulin {Borg hoff 
et al., 1988). TMPOH did not bind to ~2-microglobulin or lysozyme, low
molecular-weight proteins. that are not members of tije superfamily. 
D-limonene-1,2-oxide also does not appear to bind to a.1-apid glycoprotein 
or urine protein 1 in in vitro studies (personal communication, L. Lahman
McKeeman, Procter and Gamble, to I. Rodgers, February 127, 1991). 

Gas chromatographic analysis in experiments with li~er microsomes 
have shown that mice are able to oxidize d-limonene to cis-~-limonene-1 ,2-
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oxide, as in the rat, although some qualitative and quantitative species 
dHferehces were noted (Lahman-McKeeman, 1990b). However, equilib
rium saturation binding studies did not demonstrate any interaction between 
d-limonene or its metabolites and MUP in male or female mice (Caudill et al., 
1991 ; Lehman-McKee man, 1990b). These results add further support to the 
specificity of the interaction between CIGA and ~u-g. 

When (3H)-retinol was administered to male rats, retinol- derived radio
activity coeluted with the protein fraction in cytosol containing ~u -g. How
ever, retinol did not produce accumulation of hyaline droplets or ~u-g 
(Borghoff et al., 1989). In vitro studies on the binding affinities.of retinol and 
several CIGA for ~u -g show that retinol can compete with CIGA for binding 
to ~u-g (Borghoff et al., 1991). These studies ~uggest that hyaline droplet 
accumulation may not depend on how strongly a chemical binds to ~u -g, but 
on whether the chemical causes a conformational change in the protein that 
inhibits protein catabolism (Borghoff et al., 1990). 

Binding affinities measured in in vitro studies generally have not 
correlated well with the efficacy of chemicals for causing hyaline droplet 
accumulation. Other factors affecting the development of hyaline droplet 
accumulation are the concentration of the CIGA-protein complex in the 
tubule lumen, the rate of breakdown of .CIGA-protein complexes in the 
tubule cells, the death of cells resulting from abnormal accumulation of 
hyaline droplets, and the subsequent appearance of cell debris in the lumen 
of tubule cells. These factors are discussed in the following sections. 

H. Catabolism of Alpha2u -globulin Complexed With CIGA 
Reduced renal lysosomal catabolism of the CIGA-~ -g complex leads 

to its accumulation in the· cells of the proximal renaY tubule, causing 
lysosomal protein overload and individual cell death (Swanberg et al., 1989). 
Figure 3 illustrates this proposed sequence· of events. 

Lysosomal degradation of ~u-g bound to CIGA has been studied by 
measuring the digestion rate of tlie protein recovered from treated male rat 
kidney (Charbonneau et al., 1988) or of purified urine-derived protein 
conjugated with CIGA in vitro (Lahman-McKeeman et al., 1990a). 
Charbonneau et al. (1988) found that both proteinase K or a mixture of 
standard protease enzymes of non-rat origin digested~ -g from rats treated 
with TMP at a much slower rate than a2u-g from untreated rats. 

Using an in vitro incubation system with renal cortex lysosomes pre
pared from male rats, Lahman-McKeeman et at (1990b) demonstrated that 
the reversible binding of d-limonene, 1 ,4-DCB, and isophorone or their 
metabolites impaired the degradation of ~u -g by one-third. Under the 
experimental conditions employed, this was equivalent to an extension of 
the apparent haH-Iife of ~u -g from 6.67 to .1 0 hours. The study is particularly 
interesting because it shows that reversible binding of a CIGA to a

2 
-g does 

not necessarily alter the rate of protein degradation, but that this may be a 
function of a metabolite. Thus, d-limonene and 1 ,4-DCB did not impair 
hydrolysis of a2u -g but their respective bound metabolites, d-limonene-1 ,2-
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AlphSg,-globulln + CIGA 
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/figure 3: Schematic representation of the uptake and fate of alpha2u-g/obu/in 
. complexed · with a CIGA in hydrocarbon nephrotoxicity. 

Source: Modification of Figure 2, above. 
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oxide, a~ 2;5-dichiOrophenol, dicll. With isophorone, however, it w:as the 
parent compound alone which produced the effect. This apparent need to 
reduce protein degradation might offer an explanation to d~scribe why 

·· chemicals, such as retinol, have been shown to bind to ~..g. without 
producing hyaline droplet accumulation. 

Administration of leupeptin (an inhibitor of the lysosomal peptidase, 
cathepsin B) caused a rapid ~i...g accumulation in the kidney. indistinguish
able from that induced by TMt' or gasoline (Olson et at, 1988) .. These 
various observations provide evidence that CIGA-induced hyaline droplet 
accumulation may result from a reduced protein degradation rate either by 
(1) making the protein harder to digesfor (2) inhibiting enzymatic compo
nents ofthe proteolytic process. Studies by Charbonneau at al. (1986) and 

· Lahman-McKeeman et al. (1990a) support the former by indicating that the 
TMP metabolite-protein complex is more resistant to hydrolysis than free 
~u-9· Furthermore, Murtyetal. (1988)~o~n~thatunleadedgasolinewas not 
associated with a reduction, but rather an increase, in rat kidney lysosomal 
proteolytic enzyme activity. · · · 

I. Structure-Activity .Relationships tor CIGA 
An ability to predict those chemicals that will induce accumulation of 

~ -g in the male rat through structural relationships would be clearly 
advantageous. . The fact that relatively minor· metabolites.· such as 
d-limonene-1,2-epoxide can account for the majority of the· association with 
~ -g, however, restricts the present utility of structure activity calculations 
asu a predictive tool. Nevertheless, some associations have been observed. 
Lahman-McKeeman et al. {1990a) noted that retarded degradation of 
~u-g correlates with the presence on the active CIGA or metabolite of an 
oxygen function of one type or another, i.e., an hydroxyl group for TMPOH 
and 2,5-dichlorophenol, an epoxide for d;.limoriene-1,2-oxide, and a ketone 
function for isophorone. · · · · 

Another recent study employed a quantitative approach to determine 
the structural features necessary to induce excessive hyaline droplet activity 
in male. rats (Bomhard et al., 1990}. Based on data for a number of:light 
hydrocarbons, Bomhard et al. surmised that an n-octanol/water partition 
coefficient above 3.5 and the presence of an isopentyl structural moiety are 
associated with it:tcreaseo hyaline droplet formation in male rats. A binding 
site model for aliphatics was derived from this information. The model was 
then generalized to include cycloaliphatics by substituting the requirement 
for an isopentyl structure with a requirement for the presence· of at least one 
tertiary carbon atom. Using this binding site model, Bomhard et al. prediCted 
the hyaline-droplet inducing activity of 18 previously untested hydrocar
bons. These chemicals were then tested for ability to induce hyaline droplet 
accumulation in adult male Wistar rats. Even though the binding site model 
was based on the structure of the parent compound and did not allow for 
active metabolites, the results in the rats were described as being in good 
agreement with the predictions. 

26 



• , .... Borghoff et al. (1991) deter~ined the apparentbinding affinity to ~u-g 
··. for anumberof chemicals associated with ~u -g-nephropathy and measured 
.· their .ability to compete with TMPOH~ Using molecular modeling and 
· . information on the most active compounds, these investigators concluded 

that the presence of an electronegative ·atom for hydrogen bonding is a 
critical factor in determining binding affinity. Lipophilicity also seemed 
crucial for hydrophobic interactions, but the presence of an electronegative 
·atom was ·necessary for greater activity. Steric volume was also considered 

· :to pl~y an essential role in binding activity. · 

· .. _The conclu$k>ns of. Borghoff et al. (1991) are consistent with the notion 
· that ~u-g is capable oftransporting lipophilic compounds within a binding 

... s~e pocl5et of specific dimensions. Since binding affinity does not correlate 

. well with hyaline droplet formation, however, .the ability of this structural 
. feature to serve· as a predictive tool would appear limited. 

-~~~ · Alph~2~-globulin Nep~ropatf:ly 
Substances reported to induce increased formation of hyaline droplets 

in proximal tubule cells of male rats are listed in Table A-1, along with 
available information on whether the accumulating· protein is a~u -g. The 
nephrotoxicity that can .ensue from hyaline droplet accumulation is novel 

,· because it is associated with excessive ~0-g accumulation. This a20-g 
· .. accumulationis believed to initiate a sequence of events resulting in chronic 
. · proliferation of tubule epithelium, ·as well as an exacerbation of CPN. 
:Because a20-g is a male rat-specific protein, nephropathy induced by 

· ·:accumulation of a20 -g would not be expected to occur in female rats, mice 
· of.either:sex, or other species .. 

'· 'i . · ' .. · ·The proposed S'equence of histopafhoiogic~i changes is based mainly 
on research studies with four model substances, unleaded gasoline and 
TMP (Short et al., 1986; 1987; 1989a), decalin {Alden et al., 1984; Kanerva 
et al., 1987a,b,c; Stone et al., 1987), and d:.limonene (Kanerva et al., 1987b; 
Webb: et al., 1989). For even these four substances, not all of the individual 

·.·lesions in the proposed -progression· have been shown to belong to a 
.. sequence of interrelated events. Specific information pertaining to lesion 

nature and sequence is lacking for many of the hyaline-droplet inducers 
··.listed in Table A-1. 

' . .'· - . 

Much of the information useful for defining the pathologic sequelae to 
. ~- -g· accumulation does not require chronic exposure. Accumulation of 
• ~ u -g is visible within a matter of days and the response to chronic 

· .. ·, adum,inistration of CfGA might. e~en dhninish since a2u -g lev~ Is decline in 
aging male rats (Murty et al., 1988). The nephrotoxicity associated with 

. ~u~g accumulation might also be influenced.by.ag~.- C~rtainly, the age
r~lated progressi9nof CPN obscures the lesrons drrectly related to .CIGA 
administration, making evaluation of the chronic sequence of lesions 
especlally difficult 

A. Pathologic Features of Alpha2u -globulin Nephropathy 
Renal lesions described in scientific studies as being associated with 

~u-g nephropathy are listed in Table 3. The first morphological manifesta-

27 



Tsble3. Summa of the Histopathology and Lesion Progre,ssion Reported in 
A/ph~ Globulin-Associated Nephrotoxicity 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Excessive accu ulation of hyaline droplets in the P2 segment of the proximal tubule 
region of kidney Lurs after 1 or 2 days. This is reversible within 3 days to 2 weeks after 
exposure cease . . 

Evidence of sin~ e-cell necrosis in the P2 segment epithelium and exfoliation after 5 days 
of continuous e

1
posure. 

Accumulation o~granular casts formed from the cellular debris and subse. quent tubule 
dilation, at the j nction of the P3 segment and the thin loop of Henle, following 20 to 40 
days of continuo s exposure. Granular casts have been observed at 3 to 13 weeks after 
commencing exposure and sometimes beyond, up to 2 years. 

Increase in cenJ proliferation within the P2 segment following 3 weeks of continuous · 
exposure, rema ,ning elevated above normal at 48 weeks of exposure. · 

Linear mineralizbtion of tubules within the renal papilla, appearing between 3 and 12 
months after a 8-day exposure, and sometimes observed at the end of a 2 year study. 

Hyperplasia of e renal pelvic epithelial lining observed around 1 year. a 

Exacerbation of the spontaneous chronic progressive nephropathy syndrome common 
in aging rats. a . 

8. Formation of o sional hyperplastic foci within cortical epithelium atchronictime~points. 

a Indirect conseque ce of progression of lesions. 

tion of ~u -g nep ropathy is the rapid accumulation of hyaline droplets in 
proximal tubule cells, developing within 24 hours of dosing with some 
compounds (We bet al., 1989). 

The droplet stain positively with Mallory's Heidenhain stain but are 
negative for peri die acid Schiff, indicating their protein composition (Alden 
et al., 1984). allory's Heidenhain stain is therefore more useful than 
conventional he atoxylin and eosin (H & E) for visualizing and quantitating 
the droplets. As hey represent lysosome-derived entities, the droplets are 
strongly autofluo ascent (yellow) in paraffin sections under ultraviolet illumi
nation (unpublis~ed observations, G.C. Hard). In plastic-embedded tissue, 
hyaline droplets ban be visualized easily with Lee's methylene blue basic 
fuschin (Short etlat., 1986). . 

Excessive hfaline droplet formation occurs primarily in cells. of the P2. 
segment, but sm~ll increases in the number of hyaline droplets may also be 
seen in the P1 nd P3 cells (Short et al., 1987). By light microscopic 
immunohistoche istry, a2u-g has been clearly and·specifically localized to 
the hyaline drop I ts within proximal tubules (Burnett et al., 1989). Ultrastruc
turally, the hyali e droplets are enlarged secondary lysosomes partially 
composed of ~u g (Garg et al., 1989a). Many are poly angular or irregular 
in shape, contam,ng a condensed crystalline core suggestive of aggregated 
protein in pure fo I m. Alth<:>Ugh the a2u -g-associated hyaline droplet accumu-
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lation persists during chronic exposure, the severity ap ears to lessen with 
increasing duration of exposure (Short et al., 1989a). T is apparent waning 

· .. of the· .re~ponse with continued exposure could be · elated to declining 
·· ·~u -g production by the male rat beginning at some sta e after 5 months of 

age (Roy et al., 1983; Motwani et at, 1984; Richards net al., 1987). 

With continued exposure, the initial accumulatio of ~u-g-containing 
hyaline droplets may be followed by a sequence of inte~elated pathological 
events.· (1} Scattered single-cell necrosis occurs pre ominantly in the P2 
segment cells (Short et al., 1987) with subsequent xfoliation of these 
degenerate cells and cell fragments laden with crystall id phagolysosomes 
into trae tubule lumen. With decalin, a minimal degree ~f cell degeneration/ 
necrosis was reported to be present in the proximal confoluted tubules after 
5 days of exposure, becoming maximal at 19 days, ut reverting to the 

. minimal'level after 31 days of exposure (Kanerva et al., 1987a). Scattered 
· extoiiation of droplet-affected cells was observed wittil up to 48 weeks of 

exposure to unleaded gasoline or TMP (Sh.ort et atl~ 1989a), indicating 
. , sus~aineo single-cell loss while exposure to CIGA con inues. 

I o ' ~. ," ' • o • • • ' • ' • ' 

(2) Epithelial cell proliferation primarily involving ~he P2 segment oc
curs as a regenerative response to cell damage and IOSjS. This ca. n be se. en 
as increased numbers of mitotic figures or demonptrated by labeling 
techniques for DNA-synthetic activity. lncrea.sed prol~· erative activity has 
been recorded after only three weeks of petroleum hy rocarbon exposure 

· (Short et al., 1987) but it persisted during 48 weeks f chronic exposure 
(Short et al., 1989a). , 

! 

.. , · . (3) . Granul<;lr casts composed of sloughed cell deb~is accumulate at the 

.. jundion be~een the P3 segment of the proximal tubule land the descending 
thin loop of Henle, that is, at the junction between the in~erand outer stripes 
of outer medulla, with consequent tubule dilation at this part of the nephron 
·(Alden et al., 1984) .. This can occur as early as two to thr e weeks after initial 
·exposure (Alden et al., 1984; Kanerva et al., 1987a). ·A well as comprising 
· recognizable cell debris, the granular casts stain posi ively for ~u -g (per-

. · sonal communicatibn,. J.R. Foster, Central Toxicolo y Laboratory, ICI, 
·• Macclesfield, to G. H. a. rd; November 1990). indicating p ~bable derivation .of 
• the debris from cells which had ·accumulated this pro ein. Granular cast 
·;formation appears to be associated with higher doses o a compound rather 
than with the lowest doses that can induce increa ed hyaline droplet 
accumulation. An absence of casts after treatment mi ht therefore reflect 

. a. dose-related decrease in the severity of cell necr sis and exfoliation 
.. ~ (Sh,ort etal., 1986, 1987). · · 

'(4) At chronic timepoints, linear mineralization d velops in the renal 
papilla, outlining affected medullary tubules, along witlh hyperplasia of the 

.. pelvic epithelial lining (urothelium) (Alden, 1989). With unleaded gasoline, 
· this lesion was first observed at 6 months of. exposure ( SEPA, 1987). The 

· . mineralization appears to form within the loops of H nle and has been 
·identified as calcium hydroxyapatite (Trump et al., 1984 ) . The relationship 
between papillary mineralization and the proximal tu ule lesion remains 
undetermined but the medullary lesion is presumed tq represent mineral-

29 

1 



ized remnants of debris from disintegrating granular casts that loqge in the 
prebend segments ofthe loops of Henle (Bruner, .1984; Alden, 1989) .. -.ln 
turn, urothelial hyperplasia, which mainly affects the surface of the renal 
papilla, may be a response of the renal pelvis lining to papillary mineraliza-
tion {Bruner, 1984; Alden and Frith, 1991 }. · , 

B. Rat Urine Chemistry and CIGA 
, " ' \ .. 

Several studies have examined renal function in rats treated with CIGA 
and subsequently developing a2u-g nephropathy. Two days of treatment 
with TMP resulted in mild urinary increase in the lysosomal enzyme 
N.:acetyl-(3-glucosaminidase (NAG) and alkaline phosphatase, a decrease 
in creatinine, and mild increase in urinary cell debris. Other parameters, 
aspartate aminotransferase (AAT), urine osmolality, and volume, were. not 
affected (Fowlie et al., 1987). A single, oral dose of TMP had no- effect on 
renal function (Stonard et aL, 1986}. In a 14-day study with decalin, of six 
urinary enzymes tested, only AAT, lactate dehydrogenase, and NAG were 
altered (increases) atdays21 and/or28 (Evans and Morgan; 1986}. Similar 
results were obtained for levamisole except that AAT ·remained normal 
(Evans et al., 1988}. During prolonged treatment with C10-C11 isoparaffinic 
solvent, up to 8 . weeks, the. only urinary _changes observed were mild 
elevations of glucose and albumin, slightly decreased concentrating power 
and osmolality, and epithelial cell debris in the urine. There was no altera~ion 
in urina·ry {32-microglobulin conte':lt (Phillips and Egan, 1984). 

Taken together, these studies suggest that CIGA produce minimal 
changes in urinary chemistry and very little or no glomerular dysfunction or 
·damage. The minor alterations seen in urine composition in the days 
following administration of CIGA suggest also that hyaline droplet acqumu
lation is not related to increased passage of serum proteins by the glomeru
lus. The mild tubule toxicity identified by clinical chemistry is a characteristic 
of CIGA, which contrasts with the obvious urinary changes associated with 
the .nephrotoxicity induced by such classical renal toxins as ·mercuric 
chloride, hexachlorobutadiene, aminoglycosides, and papillotoxic ag·ents 
(Stonard, 1987}. . . . , .. 

C.· Species Variation in the Renal Response to CIGA 
The rna le-specific effects of hyaline-droplet inducers have beef,! demon

strated over a range of rat strains including F344, Sprague-DaWley, Buffalo, 
and Brown Norway rats (Ridderet al., 1990). Hyaline droplet accumulation 
or the spectrum of lesions comprising a

2
u-g nephropathy have· not bee·n 

. observed in female rats or mice of either sex, following treatment with these 

. chemi~als (Alden et al., 1984; Swanberg et al., 1989). In addition to these 
studies, other hyaline-droplet inducers have been tested for toxicity. in 
hamsters (jet fuels), guinea pigs (decalin), dogs (decalin, jet. fuels, 
d-limonene, and methyl isobutyl ketone), and monkeys (gasoline and 
methyl isobutyl ketone). No renal pathology was demonstrated in these 
species at doses known to cause nephropathy in male rats (Aid~n et al., 
·1984; Kuna and Ulrich, 1984; MacFarland, 1984; MacNaughton and Uddin, 
1984; Phillips et al., 1987) except for one report of minor changes in. dogs 
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treated for 6 months with d-limonene (Tsuji et al., 1975). In this chronic 
study. an increased incidence of proteinaceous casts was observed in male 
and female beagles, but no tubule epithelium changes, tubule lumen 
dilation, or mineralization was observed. However, Webb et al. (1990) were 
unable to demonstrate any renal pathology in dogs after 6 months of 
d-limonene treatment at comparable dose levels. The highest dosage 
tested in the dogs, 1.2 mg/kg (Webb etal., 1990; Tsuji et al., 1975), is more 
than tEm times the doses that have caused frank nephropathy in male rats. 
' 

Knowledge concerning renal effects of CIGA in humans is hampered by 
the lack of data on· specific chemicals in this category, and the limitations 
imposed by a multiplicity of types of occupational and non-occupational 
exposures. Case studies have reported a link between chronic renal 
disease with gasoline, solvents, and jet and diesel fuels including rare cases 
of acute tubular necrosis (proximal and distal tubule epithelium) following 
severe exposure to petroleum distillates (e.g., Barrientos et al., 1977; Crisp 
et al., 1979). Case reports cannot be used to establish a causal relationship 
but may serve to initiate formal epidemiologic investigation (Churchill et al., 
1983). 

Epidemiologic studies concerning non-neoplastic kidney disease and 
occupational exposure to hydrocarbons and solvents have been conducted 
oniy since 1975 (reviewed by Askergren, 1986; Daniell et al., 1988; Phillips 
et al., 1988): A majority of these studies have indicated an association 
between· glomerulonephritis and exposure to hydrocarbons, especially 
organic solvents or gasoline. Some have suggested a positive association 
between the presence of glomerular disease and duration and severity of 
occupational exposure to hydrocarbon solvents, including tetrachloroethylene 
which is a CIGA in male rats (Kiuwe et al., 1984). However, many of the 
earlier studies are considered to be methodologically limited (Churchill et al., 
1983; Askergren, 1986; Phillips et al., 1988). Major shortcomings have been 
heterogeneous case definition, use of inappropriate control groups or 
nonblinded interviewers, and failure to consider recall bias or to adequately 
define hydrocarbon exposure (Phillips et al., 1988). 

More recently, Steenland et al. (1990), investigating specific occupa
tional exposures associated with end-stage renal disease in male workers, 
found elevated risks for solvents used as cleaning agents or degreasers 
(odds ratio (OR) 2.5; 95% confidence interval (CI) 1.56-3.95) but not for 
exposLJre to gasoline and diesel fuel {OR 0.98; 95% Cl 0.49-1.06) or motor 
and fuel oil (OR 1.13; 95% Cl 0.69-1.84). Harrington et al. (1989) found no 
association (OR 1.0; 95% Cl 0.16-6.3) between occupational exposure to 
inorganic solvents and glomerulonephritis, but the authors also concluded 
that ~he statistical power of this case-referent study was not sufficient to 
.detect other than large risk estimates. ' . 

· Ttie glomerulonephritis reported in the positive epidemiologic studies 
has involved thickening of glomerular basement membranes or deposition 
of antibodies against glomerular basement membrane, a mild degree of 
albuminuria, and sometimes tubule atrophy and tubular basement mem
brane thickening {Kiuwe et al., 1984; Phillips et at., 1988). 

31 



Other indic~tors of renal function have also been assessed in 
epidemiologic stllldies. Levamisole, a drug used as an antihelminthic, in 
cancer chemoth~rapy, and in the treatment of rheumatoid arthritis in 
humans, falls intoithe C IGA category because it induces both hyaline droplet 
and a 2u-g accurriulation in male rats (Read et al., 1988). Based on an 
absence of elevated levels of urinary NAG in patients receiving 150 mg 
levamisole per d~y for 26 weeks, there i_s little evidence to indicate that this 
compound is nephrotoxic in humans (Dieppe et al., "1978). In addition, no 
positive associatjon·between urinary NAG and acute or chronic exposure 
was noted in a prevalence study of 180 dry-cleaning workers exposed to 
tetrachloroethylene (Solet and Robins, 1991 ). Since urinary NAG is only . 
slightly elevated lin male rats exposed to CIGA, however, urine chemistry 
may not be a goo¢J biological monitor of the type of nephrotoxicity ass·oclated 
with CIGA. ' · ' · · 

I 

· In a study Oif 16 females exposed to tetrachloroethylene from their 
employment in d~-cleaning shops for an average of 11 years (range 1 to 25 
years), Vyskocn ~~ al. ( 1990) found no evidence of renal damage except for 

·an increase in ly$ozyme in the urine. No statistically significant incre9se in 
:urinary excretiorl of ~2-lilicroglobulin,·lactate dehydrogenase, or glt.ic9se, 
which are other ~arkers of tubular dysfunction, were noted. The authors 
believe these latter findings, in addition to the lack of correlation. between 
intensity of exposure and change in biochemical parameters, support the 
conclusion that tenal damage is not associated with tetrachloroethylene 
exposure. · 

The evidenqe regarding renal injury in humans from chronic organic 
chemical expos~re is inadequate to demonstrate whether or not CIGA 
exposure can affect the human renal tubule cell. Existing reports imply that, 
if the association is real, it is the glomerulus that is pathologically involved. 
However, this rnay simply reflect study designs Which concentrated on 
clinical detectio~ of glomerular effects~ Since the injury to the rat tubule C:ells 
is relatively mild, insensitive tests, such as urine chemistry, .which· are 
generally used :tor evaluating humans might be inadequate ~o · detect 
changes. · · 

D. Factors Aff~cting the Expression of Alpha2u ·globulin Nephr~pathy 
Various con~itions, including age, hormone manipulation and genetics, 

· have the pote~tial for altering the expression of C IGA-induced a2 -g 
nephropathy. E~perimental studies have investigated the influence of th_euse 
factors on CIGA,nephrotoxicity as well as determining the effects of·a2u-g in 
female rats. ' 

1. Age-related ~ffects 
' .. 

As discussE:td earlier, the hepatic synthesis and urinary excretion of 
~u-g iii the mala rat are "highly age-dependent, with prepubertal and aged 
animals showinp negligible amounts of this protein (Neuhaus .and Flory, 
1978; Royetal.,•1983; Richardsonetal.,1987). Accordingly, administration 
of either decalirJI to immature male rats (Alden et al., 1984) or unleaded 
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gasoline to aged, 26-month old, male rats (Murty et: al., 1988) failed to 
produce renal cortical a2u -g accumulation or an increas~ in hyaline droplets. 

2. EffeCt of hormone manipulation 
. . As a

2
u -g synthesis is primarily under androgenic control, the effects of 

c~stration, which depresses hepatic synthesis of a21tgi(Royand Neuhaus, 
. 1967), were explored by Hobson et al. (1986) usmg TMP. Although a 
significant increase in hyaline droplet formation was observed in both 
castrated and uncastrated male F344 rats exposed to 1a single oral dose of 
TMP, .the severity of the lesion was less in the former. Thus, castration 
dinii~ished but did not abolish the TMP-Induced nephrotoxicity. 

·. · Estrogen is known to inhibit the hepatic synthesis of ~u -g in the rat (Roy 
et al., 1975). Garg and coworkers (1988) used estra~iol administration to 
study the influence of inhibition of new.synthesis of a2J-g on recovery from 

. CIGA-induced renal tubule changes. Commencing tr~atment on the ninth 
and final day of unleaded gasoline exposure, estradiol r~duced renal cortical 
~u -g content by 25, 41, and 52 percent on post-exposl!Jre days 3, 6, and 9, 
respectively, compared to rats receiving no hormone treiatment. At the same 

.. time, hyaline droplet removal appeared to be acceletated in rats treated 
. conjointly with hormones. Hyaline droplet number ~nd:size (qualitative 
obseNations) in hormone-treated rats approached corjltrollevels at 3 days 
.post-exposure, compared with up to 9 days for corhplete resolution in 
.unleaded gasoline-exposed rats not receiving estradiol. 

i 

In a subsequent study, Garget al. (1989b) demonstrated that pretreat
ment of mature male rats with subcutaneous injection!s. of estradiol for 1 0 

. days before gasoline exposure completely inhibited th91 renal accumulation 
of a 2u-g andhyaline droplets normally induced by gas<i>line. 

3. · ·Genetic variants 

· · .. . The NBR rat has no detectable levels of hepatic ~ -g mRNA in either 
. sex .and, therefore, is unable to synthesize a,u -g in th~ ~iver although high 
.. constitutive levels of the mRNA are present in tfie preputfal gland (Chatterjee 

et al., 1989). The NBR rat is capable of developing lchem!cally induced 
nephropathies, but under exposure conditions that produ~e ~~~-g nephropathy 

·in F344rats, d-limonene, TMP, isophorone, and 1 ,4-DC~dia not induce any 
detectable a2u -g accumulation, hyaline droplets or other lesions in the male 
NBR rat (Dietrich and Swanberg, 1991 a). Identical results were obtained for 
decalin (Ridder et al., 1990) and lindane (Dietrich an~ Swanberg, 1990, 
1991a). · ! 

.. 
4~ Alpha2u -globulin infusion in female rats . 

· · Hidder et al. {1990) intraperitoneally administeredla,u-9 (purified from 
mature male rat urine) at hourly intervals to decalin-treateq female Sprague
Dawley rats for a total of 8 injections and examined !kidney samples for 
hyaline droplets and a2~ -g one hour after the last protein injection (9 hours 

: after decalin treatment,. Although droplet formation ;was not evident in 
kidney sections from the a2u-g-infused female rats st~ined with Mallory's 

! 
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Heidenhain, hyali~e droplet and ~v:g accumulation were clearly demon
strated in females /exposed to both nydrocarbon and mate urinary protein. 
By means of two-dimensional gel electrophoresis, the investigators showed 
slight, but c;tppare~' t, renal cortical accumulation of ~u -g in the infused 
females. Accumul tion of the protein greatly increased in females that were 
both infused with 

1 
u -g and decalin-treated. 

These variou. s~studies indicate a direct dependence of CIGA:-induced 
renal lesion expre sion on the presence of cx2u-g. . · 

E. Chronic Prog esslve Nephropathy · 
Rats are partl•cularly predisposed to an age-related spontaneous 

nephropathy, CPN, that is more severe in males than in females and that 
affects certain strains more than others. CPN is more common in Sprague
Dawley and F344 rats than in the Wistar strain (Gray, 1986), and it is also 
common in ttle Os~rne-Mendel rat (Goodman et al., 1980). Jhe etiology 
of CPN is not knoym but the severity of the syndrome is influenced by a 
number of factors, particularly dietary manipulation affecting protein content 
or caloric intake (fl.ltasoro and Yu, 1989). 

Exacerbated dPN, involving enhanced severity and earlier onset of th~ 
disease, is genera~ly observed after chronic administration of CIGA to male 
rats (Trumpet al.,~984a). It has been stated that exacerbated CPN is one 
component (toget er with hyaline droplet accumulation and granular cast 
formation) of a tria of lesions that specifies the nephropathic response to 
CIGA (Kanerva et al., 1987a; Webb et al., 1989). Exacerbated CPN is 
usually recognizedJ after months of continuous treatment (Trump et al., 
1984a; Short et al~i1989a) although Alden et al. (198. 4) reported early signs 
after 2 to 3 weeks ith decalin. These authors (Alden et al., 1984) consider 
that exacerbated PN develops as a tertiary response to nephron obstruc.:. 
tion caused by the CIGA-induced granular casts. · 

I. . 
The pathologiqteatures of CPN (listed in Table 4) include certain lesions 

that are also fou~d in ~-g nephropathy, as well as lesions that are 
distinctive. Single-ICell necrosis, regenerating tubules, and focal hyperplasia 
of proximal tubule) epithelium are common to spontaneous CPN and to 
~u -g nephropathy· UAREP, 1983). CPN is characte.rized ~y certain l~sions 
that are not com onents of cx2u -g nephropathy, mcludmg consp1cuous 
thickening of tubu e and glomerular basement membranes, hyaline casts 
consisting o1 hom geneous, proteinaceous material (distinct from granular 
casts containing ellular debris), interstitial mononuclear cell infiltration, 
fibrosis, tubule atr: phy and sclerotic glomeruli. Conversely, early and late 
stages of cx2u -g ne hropathy exhibit a number ofcharacteristics unlike CPN, 
such as hyaline roplet accumulation associated with ~u -g in the P2 
segment, granula casts at the "corticomedullary" junction, and linear 
mineralization in t e papilla (Trumpet al., 1984a). In very advanced case$ 
of spontaneous C N, sporadic tubules may contain excessive numbers of 
hyaline droplets si ilar in appearance to those induced by CIGA. However, 
these.do not show immunochemical evidence of ~u-g (unpublished obser-
vations, G.C. Har: 1 • The urine and serum chemistry of advanced CPN also 
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Table 4... Svmmary of the Histopathology of Sponflmeous Ch" ic Progressive 

, . · , Nephropathy of Aging Rats 

1: ·· · Thickening of tubular and glomerular basement membranes. i 
2.· . &~philic segmen~s of proximal tubules with sporadic mitosej indicative of tubule cell 

proliferation. · "I . 
I . 

3. Tubular hyaline casts of proteinaceous material originating in the more distal portion of the 
·. ·.> nephron, mainly in the medulla, and later plugging a consideratle length of the tubul~. 

4. Focal interstitial aggregations of mononuclear inflammatory cell$ within areas of affected 
tubules. · · , . ; · 

5.. Glomerular hyalinization and sclerosis. 

6. . .lnt~rstitial fibrosis and scarring. 

7. .·. Tubular atrophy involving 'segments of proximal ~ubules: 

a: · .. Chronic~llly in advanced cases, occasional hyperplastic foci in tffected tubules. 

. 9. . In some advanced cases, accumulation of protein droplets in sPf>radic proximal tubules. 

. . i 
diffe.rs from ~u-g nephropathy. Albuminuria,. hypolaJbuminemia, and 
hypocholesterolemia typify CPN, with increas~s in s~'f.um creatinine and 
ure_a nitrogen levels in end-stage disease (Barthold, 1~79). . : . 

F .. Renal Toxicity Observed In Chron'c Bioassays ~~ Ch~mlcals 'rhat 
· .:. ·lndf!.Ced Kidney Tumors In Rats . j. . . . · . 
. . _For the purpose of the current review, bioassays Were identified and 

date~. were examined on seven chemicals tested for qhronic toxicity and 
carcinogenicity by the National Toxicology Program (NfP) or the National 
Cancer Institute (NCI). All seven produced accumulatipn of hyaline drop
lets, nephropathy, and kidney tumors in male rats. Thes~ model compounds 
ared-limonene;dimethyl methylphosphonate, hexachloioethane, 1 ,4-DCB, 
tetrachloroethylene, pentachloroethane, and.isophoton. 3 

.. Information was 
also examined on unleaded gasoline (tested by inh lation as a totally 
vaporized form at the International Research and Develo~· ment Corporation 
[IRDC] for the American Petroleum Institute). ·Gasoline-is a complex blend 
with CIGA properties (MacFarland et al., 1984). Data on the two non-CIGA, 
trichloroethylene and Chlorothalonil, are included for coniparative purposes. 
Although extensive acute and subchronic studies have. ~een performed on 
two other chemicals (decalin andTMP), both of which caus~ a2u -g nephropathy 
in the male rat, carcinogenicity bioassay data are not :available for these 
compounds. . . . . . . ! . . . . 

i . 

I 
I 

3 'Several of the~e seven. c~emicals ~nnot be described as true ~dGA carcinogens" since 
'the· accumulating protem 1n the hyaline droplets has not been·conij;:;:.,"ad to be ~-g. 
Their use as model compoun. ds for purposes of developing the di5~ssion on cancer· · 
sho~lld not be construed to mean that all seven chemicals fit the.Pplicy Statement . 

. developed in Part IV of this documen~. . . ! . · . . 
i 
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Trichloroethylene, which was tested by the NTP, induces kidney tumors 
in male rats only (NTP, 1988) but does not cause an accumulation of hyaline 
droplets or an increase in~ -g levels (Goldsworthy et al.; 1'988a). There is 
also some evidence that tnchloroethylene metabolites birid oo.valently to 
renal macromolecules (Bruckner et al., 1989}. Consequently, this com-
pound would not be considered a CIGA. ·" 

Chlorothalonil, a fungicide tested on separate occasions by industry and 
a government agency, induced renal tubule tumors in male and female rats 
and in male mice (NCI, 1978a). It also induced hyaline droplet accumulat.ion 

·in proximal convoluted tubules of male rats (US EPA, 1988), but these IJlay 
not become apparent during the first few weeks of treatment (Killeen et al., 
1990). Electron microscopic studies of male rat kidney following !)ubchronic 
chlorothalonil exposure revealed angular membrane-bound lysosomes 
containing crystalline structures similar to those observed in~~~ :9 nephropathy 
(written communication, William M. Busey and James _C. Killeen, Experi
mental Pathology Laboratories, Inc., to Office of -Pesticides Programs, 
1988). However, ~u-g has not been detected in the renal tubule!). of 
chlorothalonil-exposed rats (Swanberg, 1989). The progression· of 
chlorothalonil nephrotoxicity involves initially, vacuolar degeneration of 
proximal tubule epithelium followed 4 weeks later by tubule cell hypertrophy, 
hyperplasia, and tubule dilation (Killeen et al., 1990) .. Therefore, this 
co-mpound appears not to produce the same spectrum or sequenc~ of 
lesions induced by CIGA. Furthermore, chlorothalonil has been shown to 
interact with cellular macromolecules including histones and thiol prote~ns, 
possibly through covalent_ binding of a metabolite with sulfhydryl groups 
(Rosanoff and Siegel, 1981). Chlorothalonil also induces overt renal 
dysfunction in both sexes of rats. At doses from 40 mg/kg/day •. blood urea 
nitrogen and creatinine were increased while circulating levels of glucose 
and albumin were decreased (USEPA, 1988). For these various reasons, 
chlorothalonil is not considered a member of the C IGA class. 

. . . 
A summary of the non-neoplastic and preneopla$tic kidney effects 

observed in male rats after administration of the eight substances selected 
as possible CIGA is presented in Table 5. 

Non-neoplastic and preneoplastic lesions reported ·in female rats ·and 
mice of both sexes are summarized in Table 6. The data il'l these two Tables 
were extracted from the NTP Technical Reports (see· Table :A-2 in 'the 
Appendix) and other relevant literature. · · 

In male rats, at least one case of renal tubule cell hyperplasia. was 
reported in the 2-year bioassays for the seven renal carcinogens test_ed by 
the NTP. The incidence was generally much higher and dose responsive. 
Although not reported in theIR DC bioassay, this lesion was observed in later 
research studies 9f unleaded gasoline (Short et al., 1989b). None of the 
eight bioassayed substances produced tubule cell hyperplasia in female 
rats, although this lesion was reported in male· mice exposed ·to 
tetrachloroethylene. In male rats, renal changes described as ''toxic tubular 
nephropathy" (encompassing degeneration of tubule· epithelium, necrosis, 
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Tables, ·summar}t of Data on Non~Neoplastic and Pre-Neoplastic Kidney Lesions in Male. Rats Associated with Eight Model Compounds that Induced 
Renal Tumors in 2-Year Bioassays · · 

Toxic Nephropathy Cast · Mineralizations Karyo- Hyperplasia . 
Formation megaly 

Chemical Hyaline Dose- Increased Present Dose- ·Present Dose-
droplets response severity response response 

1 ,4-Dichloro- + + .+ + + + NR + + 
benzene 

Dimethyl + + + + + + NR + + 
methylphosphonate 

Hexachloroethane + + + + + + NR + + 
(,..) 

lsophorone NR NR NR ...., + - + + + + 
(slight) 

d-Umonene + + + + + + NR + + 

Pentachloroethane + + NR + + + NR + NR 

Tetrachloro- + + NR + NR NR + + + 
ethylene 

Unleaded + + + + + + +1- +b NR 
gasoline 

+ Positive 
Negative 

NR Not reported 
a Localized to renal papilla 
b Data from research studies 



c.> 
CD 

Table 6. Summary of Data from 2-year Bioassays on Non-Neoplastic and Pre-Neoplastic Kidney Lesions in Mice and Female Rats Exposed to Eight 
Model Compounds that Induced Renal Tumors in Male Rats · 

Chemical 

1 ,4-Dichlorobenzene 

Dimethyl methyl-
phosphonate 

Hexachloroethane 

lsophorone 

d-limonene 

Pentachloroethane 

Tetrachloroethylene 

Unleaded Gasoline 

+ Positive 
Negative 

NP Not reported 
Ca Calcium 

Hyaline 
Droplets 

-

-

-
-
-
-

-

Toxic 
Nephropathy 

+ 
(female rats and 

--·-·-:--\ mctltnimJe] 

-

+ 
(female rats 
and mice) 

-
-
-

NR 

-

a Incidence and severity much higher in male rats 
b Highest incidences in male rat 

Cast 
Formation ·Mineralization 

-
+ 

(mice 
hyaline) 

-
-
-
+ 

(mice) 

-

.•. 

:,. 

+ 
(femare rats)a 

-

. + 
mice 

· (Ca deposition) 

-
-
-
-

- .. 

Karyomegaly Hyperplasia 

NR 

NR 

NR 

NR 

NR 

NR. 

+ + 
(female rats (male mice)b-
·and mice)b 

+ 

'"' : ~ 

"" '. 



epithelial cell regeneration, and cast formation) were see following admin
istration of all eight of the renal carcinogens (Table 6). So e aspect of toxic 
tubular nephropathy was also observed in female rats or ice administered 
hexachloroethane, 1 ,4-DCB, or tetrachloroethylene (Tabl 6). Fo.rexample, 
calcium deposition or mineralization was seen after administration of 
hexachloroethane to mice or 1 ,4-DCB to female rats. C st formation was 
reported in mice following administration of hexac loroethane and 
tetrachloroethylene. 

Several difficulties arise in the interpretation and utilization of the 
bioassay-derived data when mouse and female rat lesio s are considered. 
The nature of casts (granular vs. hyaline) is not always ascribed, and for 
mineral deposits, the site (papillary vs. corticomedulla ) and form (linear 
vs. globular) may not be specified. The range of lesions encompassed by 
the term ''toxic nephropathy" is not always defined, and t ere is sometimes 
no clear distincticm from CPN. Nevertheless, it appears rom the data that 
female rats and mice do not develop as broad a spectr m of nephrotoxic 
lesions as those proposed to be associated with a.2u -g nephropathy and 
renal tumor formation in the male rat. Furthermore, wh re nephrotoxicity 
was reported in bOth male and female rats, the males ha more lesions and 
the female response never demonstrated the characte istics seen in the 
male response to CIGA. Therefore, the lesions caused b CIGAseemto be 
both qualitatively and quantitatively different for male rats compared to mice. 
and female rats. 
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Part 2. Carcinogenicity 

The second major part of· this document compares and contrasts 
information on kidney tumors induced by classical renal carcinogens with 
information from the NTP (or NCI) assays for renal neoplasia induced by 
chemicals that produced hyaline droplets and/or accumulation of ~u -g. In 
addition, other information, such as mutagenic activity and tumor-promoting 
ability, which help to define a CIGA carcinogen or point to possible mecha
nism of action, are evaluated. 

Epidemiological studies of human renal cell cancer are reviewed for 
consistency with the hypothesis that CIGA-induced renal cancer in male rats 
is an inappropriate endpoint for assessing human risk. Implicit in this 
evaluation is a presumption of male rat-to-human tumor site concordance, 
a supposition EPA generally does not make. In this special case, however, 
the hypothesized mechanism being examined depends on the .accumula
tion of low-molecular-weight protein in the renal tubule, regardless of 
species. Hence, the predicted target site for cancer in humans, as in the rats, 
would be the renal tubule. 

V. Pathologic Features of Renal Carcinogenesis induced by Classical 
Carci.nogens 

Among the many chemicals recognized as inducers of rodent cancer, 
several have been used as model kidney carcinogens for studying the 
pathogenesis of renal tubule tumors in rats. These are dimethylnitrosamine 
(DMN), diethylnitrosamine (DEN), N-nitrosomorpholine, N-ethyi-N
hydroxyethyinitrosamine (EHEN), lead acetate, N-(4-fluoro-4-
biphenylyl)acetamide (FBPA), and aflatoxin 81 (Hard, 1990). In the mouse, · 
certain nitrosamines, streptozotocin, and ochratoxin A are strong inducers 
of renal tubule tumors, while the classical renal carcinogen in hamsters is 
diethylstilbestrol (Hard, 1987). In general, these prototypic renal carcino
gens are active in both males and females. 

Studies on the pathogenesis of renal tubule tumor formation using 
model carcinogens in rats demonstrate that a continuum of chemically 
induced steps leads from atypical hyperplasia in tubules (also termed 
hyperplastic tubules, tubule dysplasia, and atypical cell foci} through micro
scopl'c adenomas, to macroscopic adenocarcinomas or carcinomas (Hard, 
1987; Lipsky and Trump, 1988). 

In addition, there are invariably pathologic changes which precede the 
proliferative sequence of preneoplastic and neoplastic lesions including a 
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period of early nephrotoxicity and, often, karyomegaly. These various·· · 
lesions are described below in chronological sequence. 

A. Early Nephrotoxicity 
Acute toxic changes occur in the proximal tubules shortly after the 

administration of classical renal carcinogens. They include mild lipid droplet· · 
accumulation and scattered single-cell necrosis (Hard, 1987). Depending 
on the carcinogen used, this early damage can be observed in differEmt 
segments of the renal tubule. For instance, with DMN it is localized to the 
P2 segment (Hard et al., 1984) and with FBPA, to the P3 segment (Dees et .. · 
at.,' 1980a,b). · · · · · ···:. 

.Detailed l:listological and/or ultrastructural observation shows that hya- · 
line droplet accumulation is not induced by DMN (Hard and Butler, 1971; · 
Hard et at., 1984) or DEN (G.C. Hard, unpublished observations); nor.has . 
it been described in studies using other carcinogens, such as FBPA (Dees 
et at., 1980a,b), as models for renal carcinogenesis. · ·: · 

More is· known about DMN than other classical renal carcinogens 
concerning mole.cular interactions during the time that acute toxic changes. ·. 
are seen in the proximal tubules. DNA adduct formation in rat retial tissue'· 
occurs rapidly following a single administration of DMN. 06-Methylguanine 
formed in the renal cortex (Fan et al., 1989) persists at least 4 days post:..·. 
injection (Nicoll et al., 1975), which is consistent ~ith the notion that.. 
methylatio!l of the 06 position of guanine in DNA is the most likely ii1itiating .. : 
event (~egg, 1984). . .... , 

B. Karyom~galy 

Conspicuous nuclear enlargement, indicative of increased chromo
some number without completion of mitosis (Jackson, 1974), may occur in . 
scattered·proximal tubule cells during the weeks preceding development of ... 
carcinogen-induced proliferative foci. Although karyomegaly is produced by:.·· .. 
many, but perhaps not all renal carcinogens, there is no evidencethatthese. ·· 
cells participate in the initial formation ofproliferative foci. Hence karyomegaly.:. · 
is not regar~ed as a preneoplastic lesion (Dees et al., 1980a; Hard, 1.987;. ·· .: 
Lipsky and Trump, 1988). 

C. Tul)ul~ Cell Hyperplasia 
Tubule cell hyperplasia leads to the appearance of tubules with prolif- . 

erating epithelium, usually multilayered, that partially or completely fills the 
tubular lumen. Although lumenal dilation may be pronounced (sometimes .. 
to cystic proportions), the structure of the individual tubule remains intact 
with a:confluent basal lamina. Affected cells may be eosinophilic, baso
philic, ·or pale-staining· and often with vesicular .nuclei and prominent:'· 
nucleoli. Mitotic figures are variable. As a pre neoplastic lesion, the· · 
hyperplastic tubule is usually associated with some degree of cellu lar'atypia · 
(dysplasia) in the form of cell pleomorphism and increased nuclear to'· 
cytoplasmic area ratio (Hard, 1987; Lipsky and Trump, 1988). Preneoplastic· ·. 
tubl:fle hyperplasia is generally considered to be distinguishable from the · 
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background tubular r~generation that is a component of spontaneous CPN .. 
(Lipsky and Trump, 1988;NTP, 1988). 

D. Adenoma 
.. Adenomas are small neoplastic foci representing epithelial cell prolif:

era~~on beyond:. the well-:defined structure of individual tubules.. These· 
lesions are solid or cystic in form and the cellular morphology and aryhitec- . 
tur~l appearam;:e is sim_ilarto that of adenocarcinomas, which are described 
belqw, particularly thewell-differen~iated variants; Wher~~sadenomas and . 
hyperplastic tubules cal) be differentiated o.n the basis qf.finite -structure, the · 
distinction between adenomas and adenocarcinomas/carcinomas . is an .. 
arbitrary one based primarily on size. Neoplasms in the rat kidney paren
chyma less than approximately 0.5 em tend to lack significant vasculariza
tion, hemorrhage, and degeneration, although there may be single-cell 
necrosis; mitosis, and 'cell pleomorphism (Hard, 1990}. · 

•' . . . . ·.. . 

E. · Adi:mocarciiiomas and Carcinomas 
.. Renal tubule t.umors comprise histological variants based on staining 

cha.ra~teristics and-~tGhitectural org~nization. ·lnthe ra:t, rena!tubuletumors 
corisisi,mainly of lightlyba.sophilic, granular; and/or clear cells organized in · 
tubuJar,' lobular, solid, or papillary patterns .. Glandular differentiation as 
oppo~sed.to ·solid s_heets _of.cells distinguishes adenocarcinomas h-om 
carcinomas· but any de?rdistinction betwee{l adenocarcinomas a~d carci
nomas. is OftEm.me.ariingless because of admixture of both we'll-:-differeliti- . 
ated and. poorly differentiated areas within the same tu.rnor .. Increased 
cellular pleomorphism tends to correlate with a decreasing degree of tubular 
differentiation and anaplastic variants occur occasionally. · 

···Cells within adenocarcinomas maintain·many of the light and electron 
microscopic characteristics of· proximal tubule epithelium, in. particular, · 
microvilli'reseinbling brush border, basement'menibrarie, and cYtoplasmic . 
ves.icles •. Brush border may occur inappropriately between adjacent cells,:. 
along ·.any ·cell border, or as intracellular profiles. · Adenocarcinomas/ 
carcinomas are well vascularized and usually display areas of hemorrhag·e 
and degeneration (UAREP;·1983; Lipsky and Trump, 1988; Hard~ 1990). · 

-: . . · 
F. Tumor Progression 

Renal tubule tumors of the rat are slowly growing. neoplasms ·usuc:illy. 
requiring about 40 weeks to become clinically palpable in mosrexperimental 
systems (Hard, 1987)~ ··They :can grow to 'large dimensions~· several 
centimeters iri diameter. . .. · · , 

., . .' ·. .. 

Unlike their spontan~ously occurring human ~ou.nt~rpar:ts. renal tub~le .· 
tumors in,duced in rats by chemical carcinogens metastasize infrequently · · 
(Lips.ky and. Trump, 1988). ·• However, lifespan of the animal .. ir1·chronic- . 
exposuxe regimens may be a limiting factor. Sil')gle-dose studies witt:a DMN, . 
whi~h rn.~ximizethe life-spaf'! following tumqr initiation, have demonstrated . 

· a link·l:)etw~en.survival period, turn6r s.ize, and incidence of metastasis .in 
ren(ll.c.arcinogenesis·(Hard, 1984). For exaJ:flple, rats that su.rvived at least·. 
1.5 years after dosing with DMN showed a high rate of metastasis, 
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approximately 50 percent, whenever epithelial tumor dimensions exceeded 
2A. em. These data confirm the malignant potential of renal tubule tumors 
induced il'} the rat by a classical carcinogen. · 

G. Site of Origin of Rt!nal Tubule Tumors 
The precise location within the nephron from which experimental rena\ 

tubule tumors arise varies with the carcinogen, and correlates with the sit~ 
of the induced early nephrotoxicity. Thus, the P3 segment is the site of origin 
for FBPA-induced tumors (Dees et at., 1980a,b), while DMN tumors arise 
from the convoluted segments of proximal tubules, probably P2 (Hard, 
1990). Lead-acetate and DEN-induced tumors appear to originate in both 
P2 and P3 segments (Nogueira, 1987). 

VI. Neoplastic and Preneoplastlc Lesions Observed in the 2-Year 
Bloassays 

. Data for all reported renal tubule tumors and tubule hyperplasia in mal.e 
rats from the 2-year bioassays on the eight model substances are· summa .. 
rized in Table 7. For tumors occurring at sites other than the renal tubule, 
only statistically significant incidences are mentioned. Table 8 provides 
similar information for trichloroethylene and chlorothalonil. For eight oft he 
ten substances, exposurewas by the oral route; for two, it was by inhalation. 
The experiments were conducted over approximately a decade, which may· 
account for the lack of standardized terminology in describing lesions and 
differences in attention paid to the possible role of chemically induced 
~u-g accumulation in the male rat kidney. 

In a separate set of animal bioassays conducted for the military, male 
rats were exposed 6 hours/day, 5 days/week for-1 year to the synthetic 
hydrocarbon missile fuels, RJ-5 and JP-1 0. At terminal sacrifice after 2 
years, these animals had evidence of nephropathy characteristic. of a 2u-g 
accumulation and significant increases in rena.l tubule tumors (9 in 65 
animals exposed to RJ-5 at 150 mg/m3; 9 in 50 animals exposed to JP-10 
at 562 mg/m3) (Bruner, 1984; MacNaughton and Uddin, 1984). In contrast,_ 
the kidneys of female rats and female C57 /BL6 mice similarly exposed to RJ-
5 or JP-1 0 were unaffected. ·Likewise, none of the animals, including male 
rats, exposed to RJ-5 continuously for 90 days and held 19 additional 
months before sacrifice developed renal tubule tumors. 

In addition to the specific results obtained from individual bioassays, 
there are considerations generic to all bioassays conducted by the NTP. ·For 
example, the NTP positions with regard to evaluation of rare tumors and the 
use of historical controls influence NTP interpretation of the evidence for 
carcinogenicity of CIGA (Haseman et al.; 1984). Likewise, survival rates 
influence the ability to analyze information from animal bioassays. These 
generic issues are explored before describing the results of individual 
studies. 

A. Generic Considerations 
Renal tubule tumors are neoplasms with a low background incidence 

in lab~ratory animals including the rat strains used in the chronic bioassays 
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Table 7. Incidences of Renal Tubule Preneop/asia and Neoplasia in Rats taken from 2-
year Bioassays on Eight Model Substances 

cilemlcal 

1,4-Dichloro
benzene 

(NTf'~TR-319} 
(NTP, 1987a} 

'· 
Gavage 

Strain Sex 

F344 M 

Changes 

Survival (%) 
Hyperplasia (%) 

Adenomas 
Incidence 

Adj. Rate (%) 

AdeoQ~atQiOQDJas 
Incidence 
Adj. Rate (%) 

CQmbioed 
Incidence 
Adj. Rate(%) 

Doses (mg/kg/~ay) 
0 150. 300 

77 69 43 
0 2 18 

0/50 0/50 1/50 
0 0 '4 

1/50· 3/50 7/50 
3 9 26 

1/50 3/50. 8/50 
3 9 28 

OtiJer TumQrs: Hepatocellular tumors in mice. 

Chemleai Strain 

OifJlethyl F344 
.ntethyl
phbsphpnate 

(NTP-TR-323) 
(NTP, 1987b) 

Gayage 

Sex 

M 

Changes 

Survival (%) 
Hyperplasia (%} 

Adenoinas 

&!eo~arQiD2!lliillii 
Incidence 

Adj. Rate(%) 

Doses (mg/~g/day) 
0 500 1000 

56 34 19 . 
0. 16 . 18 

None 

0/50 2/50. 3/49 
0 9 19 

Other Tumm•s: . Mononuclear cell leukemia; transitional cell papillomas of the renal pelvis. 

Chemical Strain Sex Changes Doses (mg/kg/day) 
0 0 212· 423. 

·.··. 

Osborne- M Survival(%)· 56 65·. '20. . 1.8. Hexachloro
·ethane 

(NTP-TR-68) 
(NCI, 1978b) 

Mendel Hyperplasia(%} · Not Reported . 

Gavage 
: .'·. 

Adenomas 
Incidence 

Adj. Rate 

Carcim2ma 

Otber Tumms: Hepatocellular tumors in mice. 

(coot) 

45 

0/20 0/18 4/37 0/29 
0 0 . 11 0 

None 



Table 7. (cont.) 

Chemleal ... Strain Sex Changes Doses (mg/kg/day) 
0 10 20 

Hexachloro- F344 M Survival(%) 62 58 52 
ethane Hyperplasia(%) 4 8 22 

(NTP-TR-361) 
(NTP,1989) Adenomas 

Incidence 1/50 2150 4/50 
Adj. Rate (%) 3 6 15· 

Gavage 8d~o!2"a~iogwas 
Incidence 0150 0/50 3/50 
Adj. Rate(%) 0 0 9 

Combined 
lnqidence 1/50 2150 7/50 
Adj. Rate (%) 3 6 24 

Other Tymors: Marginal increase in pheo~romocytomas in male rats. 

Chemical Str.aln Sex. Changes .. Doses (mg/kg/day) 
0 250 500 

lsophorone F344 M Survival(%) 66 66 2~ 
(NTP-TR-291) Hyperplasia (%) 0 2 8 
(NTP, 198Sa) 

MeOQIDaS 
Gavage Incidence 0/50 0/50 2/50 

Adj. Rate(%) 0 0 a· 

8d~OQ!:<iil~iogmas 
Incidence 0/50 3/50 1/50 
Adj. Rate(%) 0 9 4 

Combined 
Incidence 0/50 3/50 3/50 
Adj. Rate{%) 0 9 12 

Qll:l!i~[ !Ymgts: Preputial gland tumors in male· rats; hepatocellular tumors, mesenchymal 
tumors, and malignant lymphomas in male mice. 

'•'' 

Chemical· , Strain Sex Changes Doses (mg/kg/day) 
0 75 150 

d-Umonene F344 M Survival(%) 60 68' 69 
(NTP-TR-347) Hyperplasia (%) 0 4 ,'' 7 
(NTP, 1990) 

8denomas 
Gavage Incidence 0/50 4/50 8/50 

Adj. Rate (%) 0 12 19 

8d~og~ars;;iogma!i 
Incidence 0/50 4/50 3/50 

Adj. Rate(%) 0 12 7 

Cgmbjned 
Incidence 0/50 8/50 1'1/50 
Adj. Rate (%) 0 . 23 .. 25· 

Qther Tumors: None in mice or rats 
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T•bl• 7. (cont.) 

Chemical Strain Sex Changea Doses (mg/kg/day) 
0 75 . 150 

Pentachloro- F344 M SUrvival(%) 82 68 52 
ethane 

: 
Hyperplasia(%) 0 0 2 

(NIP-IR-232) 
. (NIP, 1983) &f~DQIDSIS 

Incidence 0/50 1/49 4/50 
Gavage Adj. Rate (%) 0 .3 14 

Ad~ogQargogwas 
Incidence . 1/50 1/49 0/50 
Adj. Rate (%) 2 3 0 

Qgmbiow:l 
Incidence 1/50 2149 4/50 
Adj. Rate(%) 2. 6 14 

Other Tywors: Hepatocellular tumors in mice. 

Chemical Strain Sex Changes Doses{ppm) 
0 200 400 

Ietrachloro- F344 M Survival (%) 48 40 24 
ethylene Hyperplasia(%) 0 6 ·10 

(NIP-IR-311) 
(NIP, 1986b) AdeDQIDiilli 

Incidence 1/49 .3/49 2/50 
Inhalation Adj. Rate(%) 4 11 . 11 

Ad~o~aw.iDQII.UiiS 
Incidence 0/49 0/49 2150 
Adj. Rate(%) 0 0 11 

Qgmbinw;l 
Incidence 1/49 3/49 4/50 
Adj. Rate (%) 4 11 22 

Q11J~[ !YIDQ[S: Leukemia in rats; hepatocellular tumors in mice .. 

Mixture Strain Sex Changes Doses(ppm) 
o. ... ·.67 29.2 ., 20S6 

Unleaded F344 M Survival (%) Not affected 
gasoline Hyperplasia (%} Not reported in .the 

(USEPA, 1987) bioassay· 
Ad~DQ!Di'Ui 
Incidence 0/49 1/59 2156 1/45 

Inhalation Adj. Rate(%) 0 2 4 2 
'•· 

Qars:ciogwas 
Incidence 0/49 1/59 2156 6/45 
Adj. Rate(%) 0 2 4 14 

Qgr:nbiD~ 
Incidence 0/49 1/59 5/56 7145 
Adj. Rate (%) 0 2 9 16 

Qlb~r Iuwgm: Hepatocellular tumors in female mice. 
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T•ble8 •. lncide es of Renal Tubule Prsneoplasia and Neoplasia in Rats taken from 2- · 
.- year.Bi ssays on Ch/orothslonil and Trichloroethylene 

Cheimlcai Sex· Changes Doaes(ppm) 
0 5063' 10126 

Chlorotha: .os~- M Survival (%) 82 40 40 

lonil MSnCiel Hyperplasia(%) none 

(NTP-TR-41)' 
(NCI, 1978a) AdftiJQ!Dilli 

Incidence 0/10 2146 1/49. 
Rate(%) 0 4' 2 

Diet Qarkimunas 
Incidence 0/10 1/46 3/49 
Rate(%) 0 2 6 

Qgmbicect 
Incidence 0/10 3/46 4/49. 
Rate(%) 0 6 8 

F Survival(%) 50 62 72 
Hyperplasia(%) none 

Ad~IJQIDflS 
Incidence 0/10 0/48 3/50 
Rate(%) 0 0 6 

Qargcgmas. 
Incidence 0/10 1/48 2150 
Rate(%) 0 2 4 

Qgmbiced 
Incidence q/10 1/48 5/50 
Rate(%) 0 2 10 

Qtber Tumors: no e 

Chemical S rain Sex Chang !lis Doses (mg/kg/f:Jay) 
0 0 500 1000 

Trichloro- 0 borne- M Survival(%) 42 44 34.' 30 

· ,ethylene endel Hyperplasia(%) 0 0 10 6 

(NTP-TR-273) 
(NTP,1988) Ad!i!ll2ma~ 

Incidence 0/50 0/50 6/50 1/50 
Adj. Rate (%) 0 0 32 6 

Gavage.· QarQiD!:unas. 
Incidence 0/50 0/50 0/50 1/50 
Adj. Rate(%) 0 0 0 6 

Qgmbic~d 
Incidence 0/50 0/50 6/50 2150 
Adj. Rate(%) 0 ·o 32 11 

2-4% renal tubule tumors in three other strains.· 

Qther rumgrs: Ma ignant inesotheliom'a in male rats; hepatocellular tumors in rnate and 
fe ale mice, and lymphoma in female mice. · · · 
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on CIGA. namely F344 and Osbome-Mendel. The over II historical inci
dence of these tumors in male F344 rats is considered by t e NTP to be 0.5 
percent based on data reported on 1,943 animals which s rved as vehicle 
controls in studies involving administration of chemicals vi corn oil gavage 
(NTP, 1990). In a larger historical control database, invo ving 2,320 male 
and 2,370 female F344 rats used as untreated controls n .NTP two-year 
bioassays, the incidence was 0.35 percent for males and 0.17 percent for 
females suggesting a male predilection for renal tubule tu rs (Solleveld et 
al., 1984). This is supported by spontaneous renal tubule tumor incidence 
rates reccirded for Osborne-Mendel rats used as con rols in the NCI 
Carcinogenesis Testing Program (Goodman et al., 1980). n 975 males and 
970 females, the incidence was 0.3 percent and 0 perc nt, respectively. 
Because of the infrequency of renal tubule tumors. even m rginal increases 
in their incidence in treated animals (statistically significan when compared 
to historical rather than concurrent controls) is regards by- the NTP as 
biologically significant and attributable to compound ad minis ration (Haseman 
et al., 1984; NTP, 1989). 

In the 2-year studies with the .eight selected renal arcinogens, the 
observed incidences of renal tumors for individual chemic lly dosed groups 
were less than 25 percent, and no higher than 16 percent f r most. Because 
of the low background rate in both concurrent and hi torical controls, 
however, development of renal tubule tumors at these incidences was 
ascribed to an effect of the chemical. 

The NTP bioassays provide little insight into the hi togenesis of the 
renal tumors as they were designed and performed with th prime objeptive 
of determining the presence or absence of carcinogenic ctivity of the test 
chemical. Although an industry·sponsored study of u leaded gasoline 
included interim sacrifices, even this bioassay did not i corporate serial 
sacrifices designed to provide information on the site of o igin or histogen
esis of tumors. 

Sur\tival rates in high·dose male rats were poor in s veral of the NTP 
bioassays, which complicates interpretation of the data. he high mortality 
rate observed in some of these studies cannot be attrib ted to the renal 
tumOrs (Hoel et al., 1988). In fact, poor .survival rates sually indicated 
excessive toxicity. For the 1 ,4-DCB bioassay. survival of the high-dose 
males, 40 percent at termination, became significantly I wer than that of 
vehicle controls after week 97 (NTP, 1987a). Nearly all deaths were 
nonaccidental. A similar situation pertains to isophoro e where only 28 
percent of high dose males survived to termination (NTP~986a). · 

The decreased survival rates suggest that a maximu tolerated dose 
(MTD) was exceeded since the early deaths could not be attributed to 
tumors. Administration of a chemical at doses exceeding n MTD may alter 
responses that would be seen at lower dose levels (Offic of Science and 
Technology Policy [OSTP), 1985). However, exceeding MTD, by itself, 
is not compelling evidence that tumors are produced only when detoxifies· 
tion mechanisms are overwhelmed. In fact, survival of mal rats in low-dose 
groups administered isophorone, 1 ,4-DCB, hexachloroethane and 
tetrachloroethane was equivalent to that of the concurre t control groups 

49 



and ·renal tumor incidence was elevated in these animals. Survival was 
··excellent for an· dose groups of male rats administered d-limonene or 
unleaded gasoline.· However, it is difficult to compare tumor .incidences 
among studies with marked differences in survival rates, especially when 
there is the potential for development of slow-grow!ng tumors, such as renal 
neoplasms. · · · · 

B. Renal Tumor Incidence 
Among the eight rriodel· carcinogens, the overall unadjusted incidence 

rates for renal·tubule tumors (adenomas and adenocarcinomas/carcinomas 
·combined) iil male rats· ranged from 3 percent to 11 percent at low-dose 
levels and o·percentto 22 percent at the high dose. The highest unadjusted 
incidence (22%) was associated with d-limonene. For the remainder of the 

. ·chemicals; incidences ·of ·renal tumors were 16 percent or less; When 
adjusted for intercurrent mortality, the incidence rates for combined renal 

:tumors ·ranged from o percent to 28 percent with 1 ,4-DCB being the highest 
(Table 7). · 

For all of the eight model carcinogens, and also for trichloroethylene and 
chlorothalonil, the increase in the incidences of renal tubule tumors, where 
adjusted for intercurrent mortality, was dose related. Because the incidence 

. of renal tubule tumors was low and there were confounding factors such as 
toxicity occurring at all dose levels in most studies, it is not possible, from 
the NTP:bioassay data, to determine if there was a relationship between 
increasing· dose and percentage of tumors classified as adenocarcinomas . 
crather than. adenomas.. In the· 1986 Guidelines for Carcinogen Risk 
·Assessment, EPA discussed its strategy for analyzing combinations of 
benign and malignanttumors (US EPA, 1986). In general, the Agency stated 
that itwou,ld consider the combination of benign and malignant tumors to be 
scientificany defensible if the benign tumors have the potential to progress 
to the associated malignancies of the same histogenic origin. The weight-

. of-evidenc~ that a chemical is potentially carcinogenic for humans would 
increase when there is a dose-related increase in the proportion of tumors 
that are malignant. Conversely, if only benign tumors were observed, this 
would constitute less evidence of human cancer potential. Since the 
distinction between ·adenomas and adenocarcinomas for renal tubule 

·tumors in rats is rather arbitrary, based mainly on size,· these general 
principles cannot be rigidly applied; 

c. Histogenesis of Renal Tumors 
, . . As. previously indicated, NTP bioassays are designed to determine 
whether or' not a chemical is a carcinogen. They are not designed with the 

. intent of providing information to evaluate the developmental stages of renal 
neoplasia. Although renal tubule hyperplasia was reported in the male rat 
for seven ofthe' eight bioa~says and incidences of this lesion generally 
increased. With increasing dose, further insight with respect to histogenesis 
into pqssibl~ interr~lationships between hyperplasia, adenomas, and carci
nomas is not pos·sible because of the low overall frequency of these lesions. 
The occurrence together of preneoplastic and neoplastic lesions in most 
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. studi.~s with the eight chemicals c;ioes provide indirect evidence ot,progres
. sion from tubule cell hyperplasia via adenomas to. adenocarcinomas. In 
studies with d-limonene (NTP, 1990) and hexachloroethane (NTP, 1989), 
.tl:je~e lesions were stated to be part of a continuous morphologic spectrum. 
Jhis accords with the gen·erally accepted view on renal tubule tUrJ10r 
formation and progression (Lipsky and Trump, 1988; Hard, 1~90). 

D. Renal Tumor Latency and Progression 
F:l.enal tubule tumors produced by administration of CIGA appear to be 

.late developing neoplasms. Times at Which such tumors were first observed 
··;n bioassays.of the eight model carcinogens usually ~xceeded 18 months. 
· In general, the tirst renal tumor observed in each of the biQassays occurred 
.about 5 to 1 0 . .weeks earlier in the high-dose than in low-dose animals. 
·.Because renal tu,bul~ tumors are not immediately life-threatening, theywere 
usually detected in bioassays at terminal sacrifice or at death qf the animal 
from other causes. Out of the. eight bioassays, there was only one case of 
renal tumor metastasis, occurring in the high-dose group of hexachloroeth
ane (NTP, 1989) . 

. JE •. . mduction of Other Tumor Types . 
Six of the eight moc;fel substances produoed liver tumors in male and/or 

. Jema'le mice but not in male ·or female rats. · These chemicals were 
hexachloroethane, unleaded gasoline, isophorone, 1 ,4:.ocs, 
pentachloroethane, and tetrachloroethylene. A different mechanism, inde
pendent of hyaline droplet accumulation, may be involved.in the production 

·of livertumors by these six chemicals. Some authors suggest a mechanism 
· involving peroxisome proliferation to account for the production of such liver 
tumors (Eicombe etal., 1985; Goldsworthy andPopp, 1987}. · · 

. A~ alt'ernative explanation for the u·vertumors is that both CIGA~in<;fuced 
liver: and kidney tumors are produced by a c~mmon mechanism (9irect or 

. inc;iirect) no~ involving a2u-g.: Available data do not tend to support this 
.hypothesis, although a rece.nt inhalation toxicity study of 1 ,4-DCB illustrates 
· othertypes of data. needed before these questions can be resolved. In tpis 
·study, sig-nificantly .higher levels of .1 ,4-DCB were found in the. kidneys of 
"male. rats and in the livers of female rats following exposure af 500 ppm for 
2.4 hours (Umemura et al., 1990) :·Although the Umemura study may simply 
demonstrate reaction of 1 ,4-DCB with a2u -g, it may also. indicate rnetaboiic 
differences among species and sexes that influence the effective doses 
delivered to the tumor sites. 

Primary tumors in addition ·to those in the male nit renai tubule were not 
consistently 'produced in rcits or· mice at organ sites other' than the liver 
following· administration of the eigJ1tchemicals. The production of tumors at 
other sites, however, raises the possibility that other mechanisms could also 
·be· contributing to the overall kidney. tumor incidE:mce in male 'rats. This 
·possibility has been suggested for t~trachloroett,lylene (Green et at.; 1990; 
Dek~mtet al., 1989). Dekant andcolleagues have proposed a mechanism 
involving hepatic glutathione ·S-conjugate formation. and, ultitnately, 

. . . . . . . . . 
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bioactivation of renal cysteine conjugate by ~-lyase in the nephrotoxic and 
carcinogenic response to halogenated alkanes, including tetrachloroethy
lene, although they also do not rule out a role for ~u -g-induced nephrotoxicity. 
Within this conte~, it is noteworthy that in the tetrachloroethylene bioassay 

, a renal tubule adenocarcinoma was observed in a single low-dose male 
mouse, clearly alstatistically nonsignificant event, but less readily regarded 
as biologically irrelevant. 

. I 
VII. Additlonal

1
, Evidence Concerning the Renal Carcinogenit;ity of 

QGA " I - , 

. Ketevidei. 
1 
e relevantt6 providing information on carcinogenic mecha-

nisms can "be erived from short term tests, such as assays for gene 
mutations and D A damage, ·and from studies testing the tumor-promoting 
effects of CIGA. 1 · . I 

A. Genetic To*ico/ogy Studies 
·. · The availablp genotoxicitydata for the eight model. carcinogens and for 
. tric~loroethyl.en~and chlorothalonil are summarized in Tables 9 and 10. 
· The four assay listed in the tables (Salmonella [SAL],· chromosome 
aberrations in [. BS] Chinese hamster ovary cells, sister chromatid ex

. change [SCE] inJ Chinese hamster ovary cells, and thymidine-kinase [TK]
. gene mutations1in L5178Y cells [MLA]) are the only ones with enough 

comn)on data fdr comparative purposes. ltis not coincidental that these 
: assays are emp(oyed by NTP. Consequently, this analysis of genotoxicity 
" data was limited,iforthe main part, to the 10 model substances with bioassay 
. dat~. Data from prosophila tests conducted by the NTP {Yoon et al., 1985). 
" and in human ly"[tphoblasts (Richardson et al., 1986) are also cited in Tables· 

9 and 1 0 where pvailable. 

The eight r~nal carcinogens selected as possible CIGA have been 
tested for chrompsome aberrations in Chinese hamster ovary (CHO) cells 
{Galloway et al., ~ 987a) and in Salmonella (Haworth et al., 1983; Mortelmans 
et al., 1986; Asbby and Tennant, 1988; NTP, 1987b). All results were 
negative both ifl the absence and presence of exogenous activation 

. provided by S9 elxtracts from rat liver. Two presumed intermediate metabo
lites of d-limone~e. (the 1,2- and 8,9-epoxides) were also tested in Salmo
nella with and t'ithout induced S9, and no increase in revertants was 
observed (Watalj>e et al., 1981). Several chemicals have tested positive, at 
lea$t under som' conditions, for SCE in CHO cells {Galloway et al., 1987a) 
and in the mou~e lymphoma TK-gene mutation assay {McGregor. et al., 
1988). Four of t~e eight possible CIGA and both non-CIGAs were positive. 
Richardson et al~ {1986) reported negative results for unleaded gasoline and 
its known CIGA!component, TMP, in assays for TK-gene mutations and 
SCE in the TK6 

1
human lymphoblast cell line. A cursory appraisal of only 

, positive and negative responses leads to the conclusions that there is 
. · significant hetenpg_eneity and_ the C_I~A groups are not disti~guishable !ro"!" 

non-CIGA by t~etr genotoxtc acttv1ty. Upon more detailed analysiS, 11 
bf!lcomes apparent tha~ the majority of the positive responses of the eight 

. hyaline-droplet i~ducirig carcinogens were observed in the absence, but not 
, j . 

! 

52 



01 
(I) 

Tsble 9. Summary of Genotoxicity Data from Eight Selected Male Rat. Kidney Carcinogens 

Substanee 

1 ,4-Dichlorobenzene · 

Dimethyl methyl
phosphonate 

Hexachloroethane 

lsophorone 

d-Umonene 

Pentachloroethane 

Tetrachloroethylene · 

SAL. ABS SCE 

E + 

+ 

+ 

-' + 

MLA 

E 

+ 

± 

+ 

COmments 

MLA with S9 - there was a marginal positive result in one of three . 
experiments. Negative in vivo chromosome aberrations, micronuclei, and 

· dominant lethals. 

MLA and SCE results positive without S9; MLA not tested with S9; SCE 
negative with S9. ABS negative in two labs, with and without S9 (NTP 

· ·stlJdies}, but positive in another lab (without S9} (cited in NTP bioassay 
. report). Drosophila SLRL positive, but translocations negative. Dominant 
·lethal positive iil both rats and mice. 

SCE reproducible positive only with S9. No data for MLA. 

SCE only positive with cell cycle delay without S9; MLA replicated positive 
without S9, not tested with S9 in NTP studies. CMAa reported negatives for 
hepatocyte UDS, mouse micronuclei, and MLA (with and without S9). 

Clear negative in all NTP sttdies. 

MLA and SCE positive without S9 (reproduced); SCE negative with S9. 
Negative in rat in vivo kidney UDS assay. 

In NTP studies all clear negatives both with and without S9; Also Drosophila 
SLRL negative. Negative in rat in vivo kidney UDS assay. Positive in 
~lmonellla TA100with GSH and kidney microsomes. 

·--· --· -·-· ·--·-unJeadedgasoHrie - --- - -- ---- ·- - -- - - -- · ·- -± -- ·-·-· ··Tri NTP-sfudiesb"Oth poSitive-resiiinseswere--onTY-w1ffi·s~f-·OtheTstl.lcl1es -- ·- · -· - ·- -- -
confirm negative response in bacteria. In yeast, .positives have been reported 
for mitotic recombination and both positive and negative responses for gene 
mutations. Negative in rat in vivo kidney UDS assay. 

SAL= salmonella; ABS =chromosome aberrations in CHO cells; SCE =sister chromatid exchange in CHO cells; MLA =thymidine-kinase (TK}-gene mutation 
assay in L5178)' cells; GSH =glutathione; SLRL =sex-linked recessive lethal: UDS= unscheduled DNAsynthesis. 

Po.sitive (+},negative(-},±, and equivocal (E) as defined in Haworth et al., 1983, Galloway et al., 1987a, and McGregor at al., 1988. 
a U.S. EPA Office of Toxic Substances submission by Chemical Manufacturers Association Document ID 40-845047, under Section 4 of the Toxic 

Substances Control Act. 
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Tsble.10~ Summary of Genotoxicity Data for Two SelectfJCi Non~c/GA Ma/e.Rat Kidney Carcinogens· . 

Substance 

Chlorothalonil 

Trichloroethylene 

SAL ABS SCE MLA 

+ + +· 

+ + 

Comme.nts 

. ABS and MLA positive without S9; MLA not tested with S9. 
Negative in Drosophila $LRL. · 

. Unpublished studies negative in SAL and MLA; as well as in 
· dominant lethal and bone·marrow cytogenetic studies in 
·mice.· MLA on various eataly.tic fractions gave mixed 
results. Positive UDS in rat, mouse, and human 
hepatocytes. In vivo studies with gavage were positive in 
mouse, but not in rat liver .. Kidney UDS in rats was 
negative (both gavage and inhalation). · · . . . 

. . ,-------------- . -------- ----;------- ------. 

SAL =Salmonella; 'ABS = chromosome a:berration·s in CHO cells; MLA =thymidine-kinase (TK)-gene mutation assay in L5178Y cells; SLRL = sex-linked 
recessive lethal: UDS = unscheduled DNA synthesis. . . · · · . · · . . ·• 
Positive(+), negative(-),·±, and _equivocal (E) as defined in Haworth .et al., 1983, Galloway et al., 1987a, McGregoret al., 1988. · 



in the presence of, exogenous S9 activation and at concentrations greater 
than 1 00 J.lg/ml. 

Dimethyl methylphosphonate appears to present a unique genotoxicity 
profile among the eight model carcinogens. Because this chemical has high 
water solubility and low toxicity, in vitro assays have employed very high 
concentrations, as high as 30 mg/ml. Galloway et al. (1987b) reported that 
at least some of the observed in vitro mutagenic activity seen for dimethyl 
methylphosphonate occurred at levels that decreased cell growth and 
greatly increased the osmotic strength. Similar levels of osmolality and 
chromosome aberrations were observed, for example, with 160 mM of 
potassium chloride and 30 mg/ml of dimethyl methylphosphonate. The 
SCE increases observed for dimethyl methylphosphonate, however, oc
curred at concen~rations causing only slight increases in osmolality. 

Of particular relevance are those studies in which rodent kidney or 
kidney extracts are combined with a genotoxic endpoint. Loury et al. (1987) 
reported that unleaded gasoline was negative in an in vivo/in vitro kidney 
unscheduled DNA synthesis assay indicative of DNA damage and repair. 
Similar resu Its were reporteci for pentachloroethane and tetrachloroethylene 
by Goldsworthy et al. (1988b). However, both studies reported significant 
elevation of replicative DNA synthesis in kidneys of male rats treated with 
these compounds. · 

Recently, Vamvakas et al. (1989) reported clear dose-related positive 
results in Salmonella T A 1 00 with tetrachloroethylene in the presence of 
glutathione and rat kidney microsomes. The glutathione conjugate S-(1 ,2,2-
trichlorovinyl)glutathione was also mutagenic in the presence of kidney 
microsomes and the activity was reduced· in the presence of a J3-lyase 
inhibitor. The impc>rtance of these findings in the formation of the kidney 
tumors of male rats exposed to tetrachloroethylene is yet unclear, but similar 
studies with other apparently nongenotoxic kidney carcinogens seem to be 
in order before direct interaction with DNA can be excluded. 

In summary, the preponderance of available data suggest that the CIGA 
group possess little, if any, genotoxic activity. However, the shortage of data 
in the kidney or with glutathione conjugates for these chemicals precludes 
closure on the question. 

B. lnltlatlon-PromQtlon Studies 
The multistage concept of carcinogenesis, involving in its simplest form, 

an irreversible initiation phase followed by a stage of tumo~ promotion (Pilot, 
1982), implies that chemicals may play a role in assisting, as well as directly 
causing, cancer formation. There have been two research studies testing 
the potential of CIGA for promotion or cocarcinogenic activity in an estab
lished initiation-promotion model of renal carcinogenesis .. 

Using 2 weeks exposure to 170 ppm of EHEN in the drinking water as 
the initiating agent, the first initiation-promotion experiment of Short et al. 
(1989b) included both sexes of F344 rats, multiple dose levels of the test 
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substances, short-term versus long-term promotion exposures, and a 
sequence-reversal study to discriminate any cocarcinogenic from promo
tional effects. The 1test substances were unleaded gasoline (3 inhalation 
concentration-levels of 10, 70, and 300 ppm), and TMP (one oral dose-level 
of 50 ppm). Treatment groups, comprised of approximately 30 animals, 
incl.uded a control, 2 promotion controls, an EHEN initiation control, reverse
sequence initiation: control, initiation-promotion group with a promotion 
phase of 24 weeks, ;initiation-promotion group with a promotion phase of .59 
weeks, and a reverse-sequence test group where 24 weeks of exposure to 
unleaded gasoline pr TMP preceded the. 2·:Week period of EHEN adminis
tration. All animals :were killed at65 to.67 weeks after the commencement 
of the experiment. Jhe results weie assessed· hi terms of the incidence of 
foci of tubule hyperplasia (called atypical cell foci by the authors) and renal 
tubule tumors. Do~e-related increases in hyperplastic foci were observed 
in male rats promoted with unleaded gasoline or TMP for both the short- and 
long-term promotion periods.· A significant linear trend in the incidence.of 
renal tubule tumors with increasing gasoline dose was also observed. in 
male rats promoted with unleaded gasoline for .. 24 weeks but not for 59 
weeks. The latter discrepancy reflects an experimental design weakness in 
the study, namely L1Jnder-estimation of an optimal initiating dose of EHEN, 
which resulted in a very low basal incidence of renal tumors. Nevertheless, 
the results with the single dose h;wel of TMP, and the absence of renal 
tumors in any negative control group, supported the observed trends with 
unleaded gasoline.; · · 

In the sequencia':" reversal study, there was no increase in renal tumors 
although the incidemce of hyperplastic foci was signific·antly elevated for both 
compounds. Foci qf CPN were also scQred in these var~PI,JS. groups with an 
increase upon CIGA exposure apparent in. male rats. However, no corre
lation of incidence.i of CPN lesions. with numbers of hyperplastic· foci or . 
incidence of renal tubule tumors was found. . .. · · 

On the basis of the results, the authors' conclusions that unleaded 
gasoline and TMP t)ave promoting activity for renal tubule tumors in the male 
rat, rather than acting as cocarcinogens, appear reasonable. Furthermore, 
there was no elevation of either hyperplastic foci or renal tumors in female 
rats in the study, emphasizing once again, the male specificity of the renal 
response to CIGA. i · 

A second initiation-promotion assay Ut?ing the sam,e EHEN model was 
conducted with d-limonene (Dietrich and Swanberg, 1991 b). This study 
specifically addressed the comparison of responses between the male F344 
rat and the ~u -g-daficient NBR strain. The initiating dose of EHEN was 500 
ppm admimstere~ in the drinking water for tw9 weeks, followed by 
d-limonene by daily gavage (5 days a week) at 150 mg/kg/day for 30 weeks. 
An initiation control (EHEN), promotion control .(d-limonene), and a vehicle 
control were includled for both strains. In the F344 rats administered EHEN 
and d-limonene, at~picat.tubule celll)yperplasia ahd ·rEm~:d tubule adenomas 
were increased 1 Q ... fold as compared to the EHEN control group. In contrast, 
no tumors were ob~erved in any of the NBR groups .. Such negative results 
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in the NBR rat strongly suggest a clear dependence, on a
2 

.;g for the 
promoting activity of d-limonene. , u 

The promotional effect of unleaded gasoline, TMP, and d-limonene may 
be occurring through the influence of sustained tubule) cell proliferation 
which has been demonstrated with these same compoljlnds (Short et al., 
1989a; Dietrich and Swanberg, 1991b). The extent of qell proliferation is 
regarded as an important factor in chemical carcinogene~is (Grisham et al., 
1983; Cohen and Ellwein, 1990; Cunningham et al., 199~) and stimulation 
of cell turnover is one of the key mechanisms believed tQ operate in tumor 
promotion (Farber,.1988}. 

VIII. · Comparison of CIGA with Classical Renal Car~lnogens 
In general, classical renal carcinogens or their activ~ metabolites are 

electrophilic species binding covalently to macromolecules and forming, in 
particular, DNA adducts (Hard, 1 ~87; Lipsky and Trump! 1988; Alden and 
Frith, 1991). Such DNA reactivity is putatively the mechanistic basis of renal 
carcinogenesis induced by these chemicals. For exa~ple, carcinogenic 
nitrosamines can form various alkylation products in DNA, including 08-

alkylguanine which is a promutagenic lesion (Pegg, 19,4). Accordingly, 
classical renal carcinogens are usually positive in shorHierm mutagenicity 
assays. In contrast, CIGA are not known to react with DNA and are generally 
negative in short-term tests for genotoxicity. As described . previously 
(Section Ill G)', CIGA binding to ~u -g is reversible and not ~ovalent in nature. 

Classical renal carcinogens can induce renal tubule: cancer in rats or 
mice in high incidences, with minimal duration of exposure, clear dose
response relationships, and with decreased latent period of development 
(Hard, 1987; Alden and Frith, 1991). Tumorfrequenciesiare often over 50 
percent and up to 1 00 percent, much higher than the low ircidences (2% to 
28% adjusted) recordedforCIGA. Unlike CIGA-induced renal carcinogenesis, 
there is usually no absolute sex specificity, with males C)lnd .females both 
susceptible, but sometimes to varying degree. These differences in potency 
and species.:. and sex-susceptibility, suggest that classi~al renal carcino
gens and CIGA act via different mechanisms in kidney c~rcinogenesis. 

In addition, some classical carcinogens are effective renal tumor 
inducers following abbreviated aosing regimens. For exaljnple, DMN, DEN, 
and streptozotocin require only a single injection to prodoce tumors, while 
the EHEN regimen utilizes a 2-week period of oral expo~ure. In contrast, 
certain military fuels induced renal tubule tumors in m$1e rats following 
lifetime observation after 1 year of intermittent exposure~ but not after 90 
days of continuous exposure (Bruner, 1984). · 

The lack of involvement of hyaline droplet accumulation in the early 
nephrotoxicity associated with classical carcinogens (definite with DMN and 
DEN and apparent with the others) is a major difference from the sequence 
of early pathological events induced by CIGA in the mal91 rat. 

Pathology reports indicate that renal tubule tumors induced by CIGA are 
morphologically indistinguishable from spontaneous tumors ·or those in-
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duced by classical carcinogens, with both granular and clear cell types 
occurring. Likewise, despite differences in toxicity observed, the sequence 
of development of CIGA-induced renal tumors from tubule hyperplasia to 
carcinoma appears identical. However, some evidence from the bioassays 
suggests tnat the CIGA tumors may, in general, have a smaller size, 
probably because of the difference in potency between these chemicals and 
classical carcinogens, affecting the latent period of tumor development. 

As with classical carcinogens, metastases have been rarely reported for 
renal tubule tumors related to treatment by chemicals inducing hyaline 
droplets and/or ~u-9· The one case of metastasis noted with hexachloro
ethane suggests, however, that a malignant potential exists for such 
neoplasms. 

Although the specific site of origin for the renal tubule tumors produced 
by CIGA is not known, the P2 region of the proximal tubule as the primary 
site would be consistent with existing information. Based on studies with 
classical carcinogens this does not represent an unusual location. 

IX. Evidence Concerning Human Kidney Cancer 

Although not one of the most common neoplasms in the United States, 
renal cell adenocarcinoma/carcinoma is regarded as an important human 
cancer. This is because the disease is unpredictable and a significant 
proportion of patients, approximately one third, have distant metastasis at 
the time of diagnosis (Bennington and Beqkwith; 1975; NCI, 1987). The 
mo~ality rate in these cases is high, and overall, the survival rate for patients 
with renal cell cancer is 48 percent (Devesa et at., 1990). In addition, the 
etiology of kidney cancer in humans is poorly understood. 

A •. Morphology and Histogenesis 

Human renal cell tumors, which are morphologically similar to those of 
rodents, are classified according to cell type and cellular arrangement. 
Thus, two main cell forms are recognized, granular and clear, and the usual 
patterns of organization are tubular, solid, papillary, and cystic. Individual 
tumors may show an admixture of patterns and of cell types. Infrequently, 
renal cell carcinoma presents as a sarcomatoid form composed of spindle 
cells (Bennington and Beckwith, '1975; Bannayam and Lamm, 1980; 
Tannenbaum, 1983}. 

It is generally accepted that the origin of renal cell carcinoma is the 
proximal tubule •. based on both immunological study (Wallace and Nairn, 
1972) and ultrastructural features (Tannenbaum, 1971; Bennington and 
Beckwith, 1975). Electron microscopy reveals many similarities between 
the tumor cells and normal proximal. tubule epithelium, including brush 
borde( elements, membrane-associated vesicles, and basilar infoldings of 
the plasma membrane (Tannenbaum, 1971). Ultrastructurally, the amount 
of intracellular lipid, particulate glycogen, and organelles distinguishes clear 
from granular cells. 

It is widely considered that human renal adenomas represent small 
adenocarcinomas or carcinomas as there are no microscopic, histochemi-
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· ca:l, or immunologic features which discriminate them, other than size, which 
· ·j~ not an absolute biologic parameter (Bennington and Beckwith, 1975; 
. Rit~hie and Chisholm, 1983; Tannenbaum, 1983). Adenomas are, there
. fore; <;:onsidered part of an evolutionary continuum from hyperplasia through 
. ad~noma to adenocarcinoma/carcinoma, as in rodents. As a general 
observation, there is a direct relationship between tumor size and frequency 
of metastasis (Bell, 1950; He listen et al., 1981 ; Ritchie and Chisholm, 1983). 

B •. Incidence and Mortality 
· Kidney cancer statistics are usually reported in a form which encom

passes all types of malignant cancer affecting kidney; renal pelvis, and 
sometimes ureter and urethra. Renal cell cancer rarely occurs under the age 
of 40 years (Mclaughlin and Schuman, 1983; Asal et al., 1988a) and 
represents about 70 percent of all kidney tumors in adults (Devesa et al., · 
1990). Kidney cancer statistics, therefore, provide an approximation only of 
renal cell tumor prevalence. 

The number of new cases of kidney and urinary tract cancer (excluding 
bladder) estimated for 1991 in the US is 25,300 with a mortality estimate of 
10,600 deaths (Boring et aL, .1991 ). These figures represent approximately 
2 p~rcent of both new cancer cases at all sites and total cancer deaths. The 

. age-adjusted incidence rates in the us for the period between 1975 and 
198.5.obtained from the NCI Surveillance, Epidemiology and End Re~ults 
Program (SEER) data for renal cell cancer are 8.4 per 100,000 for males and 
3.7 per 100,000 for females, with no difference among racial groups 
( Devesa et al., 1990). Most studies indicate~ consistent male to femal.e ratio 
of 2:1 for the incidence of renal cell tumors (Asal et al., 1988a; Devesaet al., 
1990). . . . 

In considering renal cell tumors specifically, the highest rates interna
tionally have been reported from Iceland and other Scandinavian countries. 
Renal cell carcinoma is the fifth most common malignant tumor of males in 
Iceland ·although it ranks only tenth in females (Thorhallson and Tulinius, 

· .1.981 ). The lowest rates for renal cancer are recorded in Africa, Asia, and 
South America (Mclaughlin and Schuman, 1983). Within the US, mortality 
·surveys indicate that the North ·Central region and some areas in the 
·Northeast have the highest incidence rate for renal cell carcinoma (Pickle et 
al., 1987). It has been suggested that the clustering in the North Central 
region may be partially explained by the predominantly German and 

·.Scandinavian origin of the area's population {Mclaughlin et al., 1984). 
Several studies reported that the urban rates for renal cell tumor incidence 

. are higher than for rural areas, but the correlation is considered to be weak 
(Newsom and.Vugrin, 1987) . 

. · .. 
In·. contrast to the relatively low incidence and mortality figures for 

malignant kidney and related tumors provided by cancer statistics data, the 
· occurrence of renal cell adenomas at autopsy is common. The reported 
incidence has ranged from 15 percent (Bannayam and lamm, 1980) to 25 
percent, the latter for males over the ag~ of 50 (Reese and Winstanley, 
1958). These findings have led to speculation that a proportion of adenomas 
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may reach a limit of growth and/or remain quiescent (Bannayam and Lamm, 
1980; Warter, 1983). · · 

During the period 1950 to 1985, the US Cancer Statistics data indicated 
an increase of 82 percent in the incidence of kidney and renal pelvis cancer 
combined (NCI, 1987). For renal cell cancer alone, the increase among 
whites, based on comparison of data from 1969 to 1971 with data from 1983 
to·1985, was about 30 percent; this would be an average annual percent 
change in incidence of 2.0 for males and 1.8 for females (Devesa et al., 
1990). Data from Cancer Registries in Scotland also indicated an increased 
incidence of renal cell carcinoma of approximately 37 percent for males 
between 1967 and 1979, although there was no corresponding increase in 
females (Ritchie and Chisholm, 1983). Despite an improvement in mortality 
rates since 1950 compared to incidence rates (NCI, 1987), the relative 5-
year survival rates, which are close to 50 percent, have not altered since the 
early 1970's (Boring et al., 1991), suggesting little improvement in treatment 
over the past two decades. On the other hand, diagnostic detection 
measures have improved dramatically during this time which may explain, 
at least in part, the observed increase in renal cancer incidence (Higginson 
et al., 1984; NCI, 1987). 

Renal cell carcinoma has been diagnosed with increasing frequency in 
patients with chronic renal failure (Hughson et al., 1986; Newsom and 
Vugrin, 1987). In particular, this appears to reflect an association With the 
development of acquired renal cystic disease which frequently occurs in 
patients on long-term hemodialysis~ The incidence of renal cell carcinoma 
in patients with acquired cystic disease has been estimated as approxi
mately 6 percent {Hughson et al., 1986). Thus, current data suggest that a 
growing population of humans receiving maintenance dialysis may be at ri!)k 
for developing renal cell tumors. · · · 

C. Environmental and Lifestyle Factors 
Potential etiological associations between renal cell cancer and exog

enous and endogenous environmental factors, lifestyle, and occupation, 
have been sought in cohort and case-control studies. Of all the environmen
tal and lifestyle factors investigated, tobacco use iii the form of cigarette, 
cigar, or pipe smoking has been the one most consistently associated with 
renal cell carcinoma (Dayal and Kinman, 1983; McLaughlin and Schuman, 
1983;Yu et at, 1986; Asal etal.,1988a; Brownson, 1988; La Vecchiaet al., 
1990). Although a few studies have failed to identify a statistical association 
between smoking and renal cell cancer, it has been estimated that 30 
percent of renal cell carcinomas in males and 24 percent in females may be 
attributable to cigarette smoking (McLaughlin et al., 1984) and that there is 
evidence for a moderate dose response (McLaughlin and Schuman, 1983). 
One study has also linked use of chewing tobacco with renal cell carcinoma 
in males (Goodman et al., 1986), and another has associated smoking with 
renal adenoma (Bennington et aL, 1968). 

Other possible risk factors that ha,ve been reported include coffee and 
tea consumption, artificial sweeteners, high body mass index (maintained 
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· , from.20 years of age), high dietary animal protein and fat, lower educational 
levels, long-term analgesic use, and diuretics (reviewed in Dayal and 
Kinman, 1983; Mclaughlin and $.chuman, 1983; Mclaughlin, 1984; 
McUll..ighlin et al., 1984; Goodman et al., 1986; Yu et al., 1986; Asal et al., 
1988a; McCredie et al., 1988). Of these, the evidence is least consistent for 
beverage C()nsumption, artificial sweeteners, other dietary factors, and 
. socioeconomic status, and is strongest for high body mass index and drug 
use (phenacetin and diuretics). ··· ·. · · 

D. Occupational Factors 
. Altflough a number of epidemiological studies have reported some 

association between occupation and renal cancer, clea·r occupational 
determinants have yet to be demonstrated and it is considered that much 
epidemiological research is needed to further define and quantify potential 
risks (Mclaughlin and Schuman, 1983). Occupational exposures in North 

:·Arne rica, where at least one study has reported an association· with 
incr~ased kidney cancer rates, include asbestos (Selikoff et al., 1979; Smith 
et al., 1989), coke~oven emissions in the steel industry {Redmond et al., 
1972), printing press chemicals (Paganini-Hill et al., 1980), laundry- and dry
cleaning agents (Blair et al., 1979; Katz and Jowett, 1981; Duh and Asal, 
1984; Asal et al., 1988b), exhaust fumes in truck drivers (Brownson, 1988), 
petroleum, tar, and pitch products (Thomas et al., 1980; Hanis et al., 1982; 
Wen et al., 1983; Mclaughlin et al., 1984; Savitz and Moure, 1984; 
Kadamani et al., 1989), and aviation and jet fuels (Siemiatycki et al., 1987). 
In these studies, information on smoking history was rarely available, so that 
its possible influence could not be determined. 

. . 
A. study that examined the relationship between renal cancer and 

occupation as defined in the 1960 Census in Sweden, where the incidence 
rates are higher than in the US, did not detect increased risk for hearth and 
furnace workers in the steel industry, printing workers, laundry and dry
cleaning worker~. or workers in petroleum refineries and gasoline stations 

• (Mclaughlin et al., 1987). Instead, the Swedish study reported an increase 
in incidence of renal cell cancer among health care prof~ssionals. 

E. Renal Cancer and Hydrocarbon, Solvent or Petroleum Product 
Exposure 
Several of the occupations listed above involve exposure to certain 

classes of chemicals that may fall into the CIGA category. Besides CIGA, 
however, non-CIGA compqunds are also present, making it difficult to 
attribute elevations in risk with a unique exposure (e.g., CIGA). In a recent 
population-based case-control study, Kadamani et al. (1989) did not ob
serve statistically significant associations between renal cell carcinoma and 
high occupational exposure to hydrocarbons in males (OR 1.6; 95% Cl 0.7-
3.6) or in females (OR 0.8; 95% Cl 0.3-2.3). The authors, however, noted 
a· positive exposure-response relationship for thos~ with older ages and for 
workers with t.he greatest duration of exposure. 

. In a case-referent study of occupational risk indicators for renal cell 
adenocarcinomas, Partanen et al. (1991) examined all cases reported in 
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Finland in 1977 to 1978; These investigators fourid an elevated risk and an 
exposure-response relationship for gasoline exp·osure. Since the· postu
lated average latency period was about 30 years, a role for lead comp6unds 
could. not be ruled out. · 

Synthetic solvents widely used in dry-cleaning include the· CIGA, 
tetrachloroethylene, as well as Stoddard and 140F solvents.

4 
·Several 

studies analyzing ·proportional mortality. data on laundry- and dry-cleaning 
workers in various parts·of the US reported elevated risks for kidney cancer 
(Blair et al., 1979; Katz and Jowett, 1981; Duh and Asal, 1984; Asal·et al., 
1988b). More recent studies th~t were better designed, however, have not 
substantiated the earlier findings. No statistically significant elevations in 
kidney cancer risks have been detected in the studies of dry-cleaning 
workers by Blairet al. (1990) (Standardized Mortality Ratio [SMA] 50; 95% 
Cl 10-180), Lynge and Thygesen (1990) (Standardized Incidence Ratio 
[SIR] males, 1.5;95%01 0.6-3.3;females0.6;95%CI0~2-1.4), or Brown and 
Kaplan (1987). (SMA 200; 95% Cl 55-517). In considering occupational 
exposure to solvents as a general chemical category, Harrington et al. 
(1989) found no relationship with renal cancer (OR 1.0; 95% Cl 0.2-4.9) 
although the· statistical power of this study, as with most' others, wa·s 
acknowledged by the authors as sufficient to identify only large risk esti-
mates. · 

Siemiatycki et al. (1987) conducted a population-based case-referent 
study in Montreal on cancer associations with exposure to 12 petroleum
derived liquids. These various mixtures included automotive arid aviation 
gasolines and distillate jet fuel. Aviation gasoline differs in composition from 

·the automotive counterpart by its high ·content of alkyl ate naphthas, ·consti-
tuted mainly of branched alkanes (Siemiatycki et al., 1987). No statistically 
significant risk of renal cancer was found with exposure to automotive 
gasoline (OR 1.2; 90% Cl 0.8-1.6). Statistically significant elevations, 
however, were noted at the 90 percent confidence level with exposure to 
aviation gasoline (OR 2.6; 90% Cl 1.2-5.8) and to jet fuel (OR 2.5; 90% Cl 
1.1-5.4). Six of the seven cases with exposure to aviation gasoline also had 
exposure to jet fuel, making it difficult to distinguish a unique exposure .. In 
depth analyses of the two associations using logistic regression methods 
indicated, however, a greater role for aviation gasoline than for jet ·fuel.· 

Wong and Raabe (1989) conducted a quantitative meta-analysis by 
cancer site of petroleum industry employees from the US, Canada, United 
Kingdom, Europe, Australia, and Japan, critically reviewing almost 1.00 
published and unpublished epidemiological reports. Standardized mortality 
ratio~ observed for kidney cancer in the industry as a whole were ~imilar to 
those for the general population. Re·sults from refinery studies ranged from 
nonsignificant d~ficits to nonsignificant excesses~ However, the pOssibility 
of an elevated kidney cancer risk was raised for one specific group within the 

4 Stoddard and 140F solvents are mixtures of hydrocarbons including straight and 
branched chain paraffins suggesting that they may also be CIGA. 
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industry. Driversamong British distribution workers (Rushton and Alderson, 
as reported by Wong and Raabe) showed borderline significance for excess 
kidney cancer mortality. Wong and Raabe (1989) concluded that additional 
data, particularly involving exposure to downstream gasoline, are needed to 
resolve the issue. · 

' •.: In a large population-based case.:control study adjusted for the con
. ·founding factors of age and cigarette smoking, no overall association (OR 
~.0;.95% Cl 0.7-1.4) was observed between risk for renal cell cancer and 
employment in a range of occupations with potential for exposure to 
petroleum products (Mclaughlin et al., 1985). There was, however, a small 
.excess risk among gasoline station attendants (OR 1.2; 95% Cl 0.6-2.3) 
whicn increased with duration of employment, although individual point 
¢stimates and tests for trends were not statistically significant. A case
control study on a combined cohort of approximately 1 00,000 male refinery 
workers from five petroleum companies, sponsored by the American Petro
.leum Institute (Poole et al., 1990), suggested increases in kidney cancer risk 
for laborers (Relativ~ Risk [RR] 1.9; 95% Cl 1.0-3.9), workers in receipt, 
storage, and movements (RR 2.5; 95%. Cl 0.9-6.6), and refinery unit 
clean.ers (RR 2.3; 95% Cl 0.5-9.9) when compared with a reference group 
of office workers, professionals, and technicians. In the cohort there were 
102 kidney cancer cases among 18,323 deaths. 

ln·evaluating unleaded gasoline, 55 relevant studies were reviewed by 
the.USEPA (1987) to determine whether there was any epidemiologic 
evider:1ce for an association between gaso.line exposure and cancer risk. 
Toe evidence for .drawing causal inferences between unleaded gasoline 
and .cancer was considered inadequate under EPA's guidelines for cancer 
·risk assessment (USEPA, 19.86). As Enterline and Viren (1985) have 
emphasized in their review on the epidemiology of renal cancer and gasoline 
. exposure, most of the studies have not been designed or analyzed with an 
hypothesis specifically associating gasoline exposure and renal cancer. 
,The cohort studies oLpetroleum workers do not lend themselves for a 
compa,rison since they.shed no light on gasoline exposure, per se. Expo
sures in these s.tudies .have been varied, and the only common element is 

,the place of work. Thus, the individuals in the cohort who had the exposure 
of interest, i.e., gasoline or a speCific fraction, cannot be identified.· 

As a .general conclusion from the foregoing, small risks cannot be 
excluded for specific job categories, but the association between human 
_kidney cancer and exposure to petroleum distillates, if there is one, does not 
.euggest high risks for the types of exposures that have occurred in the past. 

.X. E~i'dEmce for Dose-· and Ti.me~Dependent Progression from 
· Ea~ly to Late Lesions 
·An important aspect. for examining the hypothesis that renal tumor 

formation is directly associated with accumulation of ~ -g in the male rat 
kidney is a demonstration of the progression of. lesYons proposed to 
culminate in neoplasia. For some of the steps, clear dose-response 
relationships have bee~ shown. In other cases, histopathologically observ-
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' . 
able events are of a secondary nature and not in the direct progression. As, 
the following information shows, however; data demonstrating the existence 
of other steps in the proposed progression are limited, restricting confidence 
in judgments on the nature of the association. · · · 

Evaluation of the events leading to neoplasia is further complicated by 
the low incidence of .renal tumors induced by the CIGA studied. Such 
information makes it difficult to identify possible relationships between the 
induced nephropathy and renal carcinogenesis. 

A. Association Between CIGA, Hyaline Droplet Formation, and 
Alpha2u·globulln Accumulation ... · 
Dose-dependent relationships have been demonstrated between the 

administrationofd-limonene (Lehman-McKee man et al., 1989) orgabapentin 
(Dominick et al., 1990) and excessive formation of hyaline droplets,, and 
between unleaded gasoline or TMP and a.2u-g accumulation (Oison.et al., 
1987; Charbonneau et al., 1987). In the d-hmonene study, hyaline droplets 
were graded on a scale of 0 to 12 according to size, eosinophilic intensity, 
and the number of tubules loaded with droplets. The droplet soores for 
d-limonene doses of 0, 0.1, 0.3, 1.0, and 3.0 mmol/kg were, control to high 
dose, 3, 4.5, ca.7, 8, and 10 (Lahman-McKeeman et al., 1989). The dos~
response relationship with ~u-9 accumulation is exemplified by measure
ments following administration of TMP, which, given at single doses of 
0.044, 0.440, and 4.000 mmol/kg, induced ~u -g concentrations in rat kidney 
tissue at 24 hours of 10.3, 17.3, and 28.1 mg/g wet weight, respectively, 
against a control value of 9.5 mg/g wet weight (Charbonneau et at, 1987). 
With orally administered gasoline, the Ot.t!!l.iJ concentrations were dose
responsive only in the range of 0.04 to 1.uu ml/kg (Olson et al., 1987) .. · 

In a special NTP study, male and female F344 rats were exposed to 
d-limonene by gavage for 14 days over a 21-day period (NTP, 1990). The 
~u -g content, quantitated with an ELISA test in kidney homogenat~s, 
increased significantly in dosed male rats relative to vehicle controls .. At 75 
mg/kg, the low dose employed for male rats in the 2-year bioassay,. ~u-g 
levels were approximately double those in controls. In females, increasing 
the dose as high as 1,200 mg/kg had no measurable effect on a2u-g levels 
in the kidney. Although microscopic examination of kidney sections stained 
with hematoxylin and eosin (H & E) showed no visible differences between 
dose and vehicle control male rats, in plastic embedded sections stained 
with Lee's methylene blue basic fuchsin, differences in the distribution, 
amount, and shape of intracytoplasmic granules in the proximal tubules 
were detected. 

In contrast to the 21-day follow-up study, the 13-week range:-finding 
study conducted before the d-limonene bioassay failed to detect ao accu
mulation of hyaline droplets. The NTP report (1990) acknowledged that this 
failure might have been related to the fact that several days passed betWeen 
the time the chemical was last administered and the time the animals were 
killed for histological examination. Other studies have shown that renal 
~u -g concentrations decline rapidly, reaching pre-exposure levels by .the 

64 



'hird day after treatment, although hyaline droplets, being structural entities, 
require up to 9 days for complete resolution (Garg et al., 1988). This 
suggests that the interval between the time the chemical was last adminis
tered and the time the animals were killed for histological examination is 
critical to finding hyaline droplets and probably accounts for discrepancies 
found among some studies. 

.. . These various observations, along with the results of ~u -g localization 
studies and binding studies considered earlier, support a causal association 
between the administration of CIGA and ~u -g accumulation in hyaline 
droplets. .. . 

B. Association Between Hyaline Droplet Formation, Cell Necrosis and 
· · tub~'e Cell Regeneration · 

· _Hyaline droplet accumulation, single-cell necrosis, and cell proliferation 
occur predominantly in the P2 segment of the proximal tubule following 
CIGA administration (Short et al., 1987, 1989a,b). Although single-cell 
necro·sis has been clearly demonstrated in association with cellular hyaline 

·droplet accumulation (Kanerva et al., 1987a; Short et al., 1987), there are 
• no dose-response studies quantitating the relationship between increased 
hyaline droplets and cell necrosis in histological sections, or between cell 
necrosis and cell regeneration. However, Alden has shown a correlation 
between the hyaline droplet response, increased mitotic index in proximal 

·convoluted tubules, and elevation of the number of cells excreted hourly in 
the urine (an index of exfoliated necrotic tubule cells}, using two dose levels 
of d-limonene given orally for 3 weeks (Alden and Frith, 1991 ). · 

Dose-response relationships between hyaline droplet accumulation 
and proximal tubule cell proliferation have been observed.· Short and 

.coworkers (1987) exposed male rats for3 weeks to TMP (oral) or unleaded 
gasoline (inhalation) and then measured [3H]-thymidine labeling indices. 
The extentand severity of hyaline droplet accumulation paralleled the extent 
and localization of cell proliferation in proximal tubule cells, and both 
parameters were increased in dose-dependent fashion (Figures 4 and 5). In 
·an ·extended study of the same compounds, Short et al. ( 1989a) observed 
5:.. to 11-fold increases in labeling indices in the P2 segment of the rat kidney 

· after the rats received 3, 1 0, and 22 weeks of exposure to 300 ppm unleaded 
gasoline or 50 ppm TMP. These labeling indices remained 4- to 6-fold higher 
than control values during the 48th week of exposure. 

, In contrast, Viau et al. (1986) did not observe a sustained regenerative 
r~sponse in the kidneys of male rats exposed to an isoparaffinic solvent 
consisting of saturated C10-C12 aliphatic hydrocarbons beyond 5.5 weeks. 
Labeling indices in the cortex of treated rats at 46 and 68 weeks were no 
different-from the controls. This apparent discrepancy between the gasoline 
and TMP results undoubtedly reflects differences in the technique of 
radioactive labeling. Viau et al. (1986) used a single injection of [3H]
thymidine 1 hour prior to sacrifice, whereas, Short et al. (1989a) labeled 
continuously by subcutaneous osmotic minipump infusion over a 7-day 
period, the preferred method for cell populations with a low cell turnover, 
thereby increasing the amount of radioactivity incorporated into renal tissue. 

65 



4 

60 

3 
Ul 

0 
Q) -:1 

,(.) 0 
"0 

"U 
Q) 40 CD ,.... 
Q) Droplets 

..0 Labeled Cells 2 til 
0 

(') 

.-I 0 ..., 

...... CD 
c 
v ......... 
u· CJ 
1... 

.._.. 
v 20 a.. 

0 L--------L----------~~----------~0 
100 10 

Dose TMP (mg/kg) 

Figure 4: Dose-response relationship between renal hyaline droplet accumulation (D) 
and fH]-thymidine labeling index of proximal tubule P2 cells in male F344 rats 
gavaged with TMP for 5 consecutive days per week for 3 WB!JkS.,. Seven-day 
osmotic minipump implanted on twelfth day after start of dosing. · Rats killed 
and fixed on 22nd day. 

Source: Adapted from Short eta/., 1987. 
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In recovery studies with unleaded gasoline and TM P, Short and cowork
ers (1989a) showed that neither increased hyaline droplets nor cell prolifera
tion were observable 7 days after discontinuing the 3-week exposures, 
indicating complete recovery. However, after 1 0 and 22 week periods of 
exposure, recovery was only partial,labeling indices remaining nearly three 
times above controls following 1 0 days in a gasoline- or TM P-free environ
ment. Thus, proximal tubule cell proliferation is a persistent phenomenon 
in chronic exposure to CIGA, becoming less amenable to recovery with 
increasing du~ation of exposure. 

Furthermore, in promotion studies with d-limonene, cell proliferation, 
assessed by bromodeoxyuridine labeling via subcutaneous osmotic 
mfnipump implants, was not induced beyond background by d-limonene 
after 5 or 30 weeks of exposure in the a2~ -g-deficient NBR rat, compared to 
a 5-fold increase in the tubule cell labeling of d-limonene-promoted F344 
rats initiated with EHEN (Dietrich and Swanberg, 1991b). This result 
suggests that the sustained proliferative response induced by a CIGA is 
dependent on the ~u-g syndrome. · 

Thus, the sequence of events following CIGA administration involves 
lysosomal overload, cell necrosis, and cell replication. All three of these 
occur in the same segment of the nephron in conventional strains of rats, but 
none occur in the NBR rat. Whereas these events are temporally correlated, 
it is not yet clearwhetherthe lysosomal overload causes necrosis or whether 
necrosis can be linked with replication. These questions need further 
investigation and tlypothesis development in order to establish mechanisms 
of action. 

C. Progression to Cast Formation, Tubule Dilation, and Mineralization 
Since few chronic studies incorporated serial sacrifices, it is difficult to 

assess the time-dependence of the development and progression of the 
sequential lesions proposed to be associated with a.2u-g nephropathy. 

Granular cast formation was recorded exclusively in male rats for most 
of the selected chemicals evaluated in 13-week toxicity studies by the NTP 
and sometimes in the 2-year bioassays. In another study, Viau et al. (1986) 
exposed male rats to C10 -C 12 aliphatic hydrocarboi"!S by inhalation for 5.5, 46, 
or 68 weeks and found granular casts atthe earliest time-point, but they were 
absent at the later time-points. One explanation for these results is that 
certain lesions in the sequence are transitory in nature. Granular casts, for 
example, are assumed to be linked to the active hyaline droplet overload. 
Once ~u -g levels become low because of age, after approximately 18 
months, the number of new hyaline droplets being formed should become 
minimal. A second explanation is that subtle changes such as granular cast 
formation and the associated tubule dilation can be obscured by the 
development of CPN in later stages. 

Tubule dilation is presumed to follow obstruction of the nephron by the 
accumulation of granular casts composed of sloughed epithelial cell debris 
in the tubule lumen. Figure 6 shows one example of the interrelationships 
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epithelium, and tubule dilation, in male F344 rats administered 2 glkg · 
unleaded gasoline daily by gavage for a 28-day period. 
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observed between hyaline droplet formation, epithelial cell proliferation, al'ld ' .. 
tubule dilation. In this study I male rats were administered unleaded gasoline . . 
(2 glkg/day) for a period of 28 days and examined at 5 interim time-points . 
(Thomas et al., 1985). An initial accumulation of hyaline droplets, commenc.- . 
ing on the first day of exposure and persisting throughout, was followed ~~ 
14, 21, and 28 days, by increases in epithelial cell proliferation and tubu.le 
dilation associated with lumenal accumulation of granular debris. ''' 

Linear mineralization in the renal papilla :of male rats has been eonsis:- · . 
tently observed in a number of NTP and other 2-year bioassays with · · 
potential CIGA carcinogens but not in the 13-week toxicity studies. Clear 
dose-response relationships were demonstrated for 1 ,4-DCB (NTP I 1987a), . . 
JP-4 mixed distillate (MacNaughton and Uddin, 1984), and unleaded .. -
gasoline .(USEPA, 1987). In the 2-year unleaded gasoline study th~re were; . ·. • 
interim sacrifices at 3, 6, 12, and 18 months permitting q~antitative 6bser-.. 
vation on the incidence of mineralization (USEPA, 1987). Although this 
lesion was termed pelvic rather than medullary mineralization in the original 
report from I ROC, it was qualified as referring to. material located within 
tubules of the renal pelvis, thus conforming to the medullary site seen with 
other CIGA. Table 11 presents a summary of these data which shows a clear 
dose-related progression in the incidence of mineralization from 6 months 
up to, and including, the 2-year sacrifice.· Parallel dose-response increases 
have been demonstrated for medullary mineralization and urothelial 
hyperplasia with JP-5 jet fuels, Diesel Fuel Marine; and decalin (Bruner 
1986), 'supporting the notion that the pelvic hyperplasia is a urothelial 
response to mineralization in the papilla. · · .. · 

D. Association Between CIGA and.Chronlc Progressive Nephropatl:ay 

Although exacerbation of spontaneous CPN by CIGA has been.noted 
in many studies, quantitation of this response has bee~ attempte.d:on few · 

. ' 

Table 11. . Incidence of Medullary Mineralization in Male Rats During Inhalation . 
Exposure to Unleaded Gasoline · 

Exposure levels of unleaded 
Observation gasoline vapor (ppm) " 

time-points 
(months) 

0 67 292 2056 

3 0 0 0 0 

6 0 0 0 2oa . ,• 

12 0 0 20 80 

18 0 0 2o so 

24 0 5 . 63 . 91 

• The incidence of m.edullary mineralization is reported as percent of animals affected: 

Source: Adapted from USEPA, 1987. 
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occasions.· Short et al. (1989a) compared the number of CPN foci per kidney 
section in male rats at three dose levels of unleaded gasoline exposure and 
two chronic time-points, with control specimens. For a daily dose range of 
o, 10, 70, and 300 ppm unleaded gasoline, the numbers of foci observed at-
22 weeks of exposure were 0.4, 0, 1.0, and 6.3, respectively, and at ·48 
weeks of exposure, 5.0, 4.0, 10.0 and 9.0. This study, therefore, supports 
the conclusion that there is an earlier onset of CPN, demonstrable by 5 
months, and a higher incidence of disease in the middle- and high-dose 
groups. · 

In the NTP bioassay of d-limonene (NTP, 1990), treated male rats 
showed a spectrum of compound-related kidney lesions, including exacer
bation of CPN, mineralization in the renal medulla, hyperplasia of the 
epithelium lining the renal papilla, and proliferative lesions oft he renal tubule 
epithelium. The severity of CPN on a scale of 0 to 4 was graded as "not 
present, minimal, mild, moderate, or marked." The mean value increased 
with ·increasing d-limonene dose from 1.5 in vehicle controls to 1.8 and 2.2 

·in animals dosed at 75 and 150 mg/kg, respectively. 
. . 

As. CPN is exacerbated by CIGA administration, and CPN-affected 
tubules have a high cell turnover rate, it has been suggested that CPN may 
play a role in renal tumor production following a,u -g nephropathy because 
enhanced regeneration is considered a risk factor for carcinogenesis 
(Trumpet al., 1984b; Short et al., 1989b). There is no firm evidence available 

. to date that substantiates or disproves a link between CPN and renal tubule 
tumor induction. Nevertheless, in a specialized initiation-promotion study 
with unleaded gasoline and TMP. where the authors quantified foci of CPN, 
some adenomas were described as arising within foci of CPN (Short et al., 
1989b). . 

E. Evidence Concerning Progression from Nephrotoxicity to Renal 
Neoplasia 
For the eight selected CIGAcarcinogens examinedinthis report, there 

was an overall pattern indicative of dose-related increases in the incidences 
of toxic nephropathy, hyperplasia, and renal tubule tumors in male rats. For 
two CIGA, unleaded gasoline and TMP, dose-related increases in renal 
tubule proliferation were sustained throughout chronic administration. It is 
believed that the likelihood of producing a cancerous cell is increased, not 
only if there is a probability of a genetic transition, but also if the rate of cell 
replication is increased (Cohen and Ellwein, 1990; Deal et at., 1989). Thus, 
a sustained state of cell turnover in the target cell population as a mecha
nistic link between ~u -g nephropathy and renal neoplasia should be 
considered a plausible, but unproven, explanation of the observed results. 

The hyperplastic tubules and adenomas produced by CIGA carcino
gens appear to arise from the cortex, which includes the P2 segment of the 
proximal tubule, the main site of cellular injury in a20-Q nephropathy, 
providing further support for their linkage. Furthermore, studies that 
examined cell regeneration in the different segments of the male rat kidney 
have shown an increase in cell replication rates specifically in.the histologi-
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cally damaged P2 egments after administration of tetrachloroethylene or 
pentachloroethane (Goldsworthy et al., 1988a) or TMP or unleaded gaso
line (Short et al., 1 87, 1989a). Under the same conditions, tubule cell 
replication in femal rats did not differ from controls in any of these studies, 
nor in rats of bot sexes treated with a non-CIGA, trichloroethylene 
(Goldsworthy et al. 1988a). 

Recent studie of the promotion potential of d-limonene, TMP, and 
gasoline also provi e. convincing evidence to support a linkage between 
a., -g nephropathy and renal tubule neoplasia. Dietrich and Swanberg 
(f991 b) demonstr ted that d-limonene promoted renal tubule tumors in 
male F344 rats, an animal that produces a 2u-g. In addition, there was a 5-
fold increase of P2 labeling index in the F344 rats treated with d~limonene. 
In contrast, no res nse was recorded for proliferation, hyperplasia, or renal 
tubule adenomas i 1• the NBR rat, an ~u -g-deficient animal which does not 
develop the charaa~~eristic nephropathy. These results substantiate those 
of an earlier study here dose-related increases in atypical cell foci were 
observed in male r ts promoted with unleaded gasoline or TM P for 24 or 60 
weeks (Shortet al., 989b). In that study, there was a significant lineartrend 
in incidence of ren I tubule tumors in the male rat promoted with unleaded 
gasoline for 24 weeks. In contrast, none of these changes was observed in 
similarly treated fe ale rats. 

Finally, the ne hrotoxicity seen in male rats in the selected 2-year 
bioassays of renal ubule carcinogens was characteristic of that proposed 
to result from cell damage caused by a2u-g accumulation. In contrast, 
whenever nephrot xicity was observed in female rats, or mice of either sex, 
i.e., for hexachloro thane, tetrachloroethylene, and 1,4-DCB, the lesions 
were not character stic of CIGA and probably were a response caused .by 
an independent m chanism. 
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Part 3 - Evaluation of the Hypot esis 

XI~ · Summary of the Evidence on the Renal Effects of CIGA 

· Several lines of evidence establish an association b tween exposure of 
the male rat to chemicals that induce a2u-g accum lation (CIGA) and 
r:tephrotoxicity, and strongly support an association between this 
nephrotoxicity and renal tubule tumors. 

A. Association Between Alpha2u -globulin Accum 
1

1ation and 
Nephrotoxicity : 

. . The information that supports an association between ~ -g accumula
tion and male rat-specific renal toxicity following CIG administration is 
summarized below. 

• 

• 

• 

• 

Although hyaline droplet accumulation per se is not necessarily 
diagnostic of a CIGA until proven to represent ~u accumulation, 
34 organic compounds including fuels, so1v nts, and other 
chemicals (listed in Table A-1), examined in t is report, have 
been shown to induce an excessive accumul tion of hyaline 
droplets in the renal proximal tubule epithelium f male rats .. In 
contrast, where tested, mice and female r ts showed no 
evidence of hyaline droplet accumulation rom chemical 
treatment. . . 
There is convincing evidence that the excessiv~ accumulation 
of hyaline droplets is followed sequentially by t~bule epithelial 
cell necrosis, granular cast formation, and o~her aspects of 
a

2
u -g nephropathy in the male rat. Five of the 34jhyaline-droplet 

inducers were tested in species other than the "'ouse or the rat, 
although possibly not as rigorously. Charaqteristic lesions 
were observed in the male rat kidney for these~Ve substances, 
but there was no apparent nephrotoxic respon e in the female 
rat or any other species tested, which inclu ed mice (all 5 
substances), hamsters (jet fuels), guinea pigs (decalin), dogs 
(jet fuels, decalin, d-limonene, and methyl isob-Jyl ketone), and 
monkeys (methyl i.sobutyl ketone and gasolin6!). 
The increase in hyaline droplets, tubule dila~·on caused by 
granular castformation, tubule cell proliferation, and medullary 
mineralization is dose-dependent as shown by r search studies 
conducted to date with four model CIGA. (deca in, d-limonene, 
unleaded gasoline, and TMP). : 
In general, the chronic administration of CIGA tb male rats and 
the ensuing nephrotoxicity enhanced the agie-related renal 
degenerative process by exacerbating spontateous CPN. 
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• Specialized studies involving rats of varying age, castrated or 
· estrogen-treated rats, the NBR strain, and ~u-g-treated female 

rats have shown that development of the early features of 
~ -g nephropathy is dependent on the presence of ~u -g 
formed in the liver. 

• For three of the eight model carcinogens (hexachloroethane, 
tetrachloroethylene, and 1,4-DCB), renaltoxicitywas observed 
in chronic studies of female rats or mice, but the renal toxicity 
appeared to be less severe or qualitatively different, not involving 
the same spectrum of discrete lesions associated with ~u -g 
nephropathy. 

• CIGA bind reversibly to~ -gas a target molecule, and the renal 
accumulation of ~u-g and hyaline droplet formation may be 
explained by chemically induced impairment of ~u -g catabolism 
after reabsorption of the complex by the proximal tubule. 

• TMPOH, the active metabolite of TMP may be able to form in 
vitro complexes with retinol-binding protein and a1-acid 
glycoprotein, members of the lipocalin superfamily found in . 
humans. In vivo data on retinol and ~u -g, however, demonstrate 
that such an association does not necessarily lead to ~u -g 
accumulation or hyaline droplet formation. 

B. Association Between Nephrotoxicity and Renal Cancer 
Based on information from the rodent bioassays examined in this report 

and additional key data, features of renal tumors occurring subsequent to 
the development of nephropathy in the male rat can be identified. 

• The eight model carcinogens produced hyperplasia, adenomas, 
and adenocarcinomas in the renal tubule of the male rat. 

• All e·ight that produced renal tumors in male rats also produced 
nephrotoxicity in male rats. 

• Specifically, the nephrotoxicity that preceded renal tumor 
formation in male rats was characteristic of the form associated 
with a 2u-g and distinguishable from other forms of toxicity . 
associated with non-CIGA renal toxicants. 

• The incidence of renal tumors produced in the male rat by the 
eight model carcinogens was relatively low. These tumors 
were morphologically indistinguishable from other chemically 
induced renal tubule neoplasia and renal tubule neoplasia that 
occurs rarely, but spontaneously, in male and female rats. 

• The renal tumors produced by the eight model carcinogens 
. occurred late, usually being found at the time of sacrifice, 

metastasized rarely, and were not life-threatening. 
• For d-limonene, the one CIGA examined in an initiation

promotion study comparing male rats of the NBR strain with a 
conventional strain, a2u-g accumulation was necessary for 
promotion of male rat renal tubule tumors initiated by EHEN. 
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• . -. qi~A appear to be nongenotoxic or only marginally &o and, 
. tt;lerefore, _may not. depertd on direct. genetic injury as the 
. ·mechanism for tumor induction. . 

• ~i-ichloroet.hylene, a compound structurally similar to 
hexachloroethane and tetrachloroethylene produced renal 
.tumor~ apparently by mecnanisms, such as cqvalent binding to 

.. ·. DNA, which do not appear applicable to the_.CIGA hypothesis. 

c. Jnlormatlon)ieducing Ccmtlal.mi:e JiJ the Ccmclu~iofi that the 
Alpha~u -globullri Respornse Is 'Specific to the. Male Rat . · 
Although the evidence available to ·date supports· the hypathesized 

association between a2u -g accumulation and renal tubule tumors in the male 
rat, confidence in this assertion would be improved if the.sam~ results were 
found in an expanded database.: In addition, the pauci~y of data on the 
lipocalin superfamily, in general, leaves several questions unanswered 
regarding the specificity ?f the response to the male rat · · · 

o · · Pathologicai accumuiation ·of hyaline droplets is a reaction to 
. excessive protein load not exclusively. related to a2u-g 

· accumulation. Although there are 34 hyaline dropleHnducing 
cbmpounds identified in Table A-1 of this report, the accumulating 
protein responsible for hyaline droplet formation has been 
identified ·for only 17 Qf these compounds. . . . . .. . . . 

o · Data sufficient to dernon~trate interdependence of th~ lesions 
.. , in .the proposed. pathological.seq·uence from ·hyaline droplet 

·accumula,tion· to chrqnicto~icity exist for only a .fewsubstallces. 
Data to define dose-response relationships· for tubule cell 
necrosis and its association with cell proliferation are even 
more limited, as is dose-related information on increased cell 

··proliferation rates over chronic exposure periods: 
• The mechanism whereby ~u-g accumulation leads to -cell 

death has not been established.. · 
• , Hexachloroethane, tetrachloroethylene, and t,4.:.DCB produced 

.-·. renal toxicity in female rats or mice indicating that S()me CIGA 
may have additional effects on rodent kidney not limited to the 

·•. a.2 :..g-induced sequence of lesions. ·· . . · · . · · · · . 
.. ·· · : tnformation on a possible association between renal cell tumors 

·and CIGAexposure in humans is inconclusive since exposures 
· . in the reviewed .epidemiologic studies have been to both CIGA 

and non-CIGA compounds~ · · 
...... · ·information on the in vivo binding of CIGA with other lipocalins 

· · in the ct
2 

-g superfamily of proteins suggests, but does not 
conclusively demonstrate, ·that toxicity in humans could not 

.•. occur via this mechanism. · · 
.. .. 'Although there are major quantitative and qualitative differences 

between .male rats and humans ·in the amounts ,of protein 
·. excreted in urine, little is known concerning the relative quantities 
· of low-molecular-weight proteins that are normally filtered by 
the human glomerulus and reabsorbed by the renal tubules for 
catabolism. 
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The scieillific data summarized above were used to draw conclusions 
concerning the role of a? -g accumulation and hyaline droplet formation in 
producing male rat-spec1tic nephropathy and renal tubule neoplasia, ahd to 
determine the relevance of this information to assessing human risk. · 

XII. Conclusions · 
The available information on CIGA-associated renal tubule 

carcinogenesis in the male rat can be described by a suggested sequence 
of critical cellular and molecular events. According to this description, the 
reaction of a lipophilic compound with the low-molecular-weight protein, 
~ -g, appears to lead to the formation of a complex that is more resistant to 
lysosomal degradation than the unreacted protein. This results in a shift in 
balance between reabsorption and hydrolysis leading to an abnormal 
accumulation of the protein in the P2 segment of the renal tubule of male 
rats. If exposure ceases after a short time period, recovery is. complete. 
Continued exposure, however, results in a nephrotoxic response that is less 
readily reversible and a sustained increase in cell turnover, enhancing the. 
chance that molecular alterations in DNA occurring in the kidney may be. 
replicated rather than repaired. 

Because· there are substantial data gaps, especially with regard to the 
expected response in humans and the critical linkages between single-cell 
necrosis and increased cell turnover, and tubule hyperplasia and renal 
tubule cancer, the a2u-g syndrome should be considered a satisfactory 
working hypothesis but not a proven mechanism of action to describe renal 
tubule cancer in male rats exposed to CIGA. As such, it provides an 
empirical description of a series of observed events in laboratory animals 
which could be modified or expanded upon as additional information 
becomes available. · 

Despite these limitations and the fact that ~u -g accumulation also 
exacerbates CPN, chemically induced a2u -g-associated nephropathy in the · 
male rat can be distinguished histopathologically from other chemically 
induced nephrotoxicities and also from CPN. Excessive hyaline droplet 
formation is the earliest morphologic manifestation and an important char
acteristic, although a chemical can be described as a CIGA with certainty 
only when there is a positive identification of ~ -g in the hyaline droplets. 
Other observable . characteristics indicative of possible CIGA-induced 
nephrotoxicity include single-cell necrosis of the tubule epithelium, granular . 
casts at the junction of the inner and outer stripes of the outer medulla 
caused by sloughing of necrotic cells, mitotic figures indicative of regenera
tion or increased cell turnover, and often medullary mineralization. · 

The hepatic synthesis of the lipocalin, ~u -g, is not known to occur 
normally in any species other than the male rat. Alph~u -globulin-induced 
nephropathy is also a distinct entity specific to the male rat among the 
laboratory species and genders tested to date. The characteristic nephropathy . 
has been found only when ~u -g formed in the liver is present. Thus, female 
rats do not develop hyaline droplets when exposed to CIGA unless they . 
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have been administered ~ -g isolated from male rat urine. NBR rats which 
do, not possess the mANA for liver ~u -g, and castrated male rats, also 
respond differently from conventional male rats. Of the other species, the 
mouse is the most thoroughly tested. Although the mouse produces large. 
amounts of a structurally similar lipocalin, MUP, this protein is not known to 
bind with CIGA; it is not reabsorbed from the urine; and the mouse does not 
develop kidney tumors or the characteristic nephropathy seen in male rats. 
Limited testing in dogs, hamsters, guinea pigs and monkeys has not shown 
hyaline droplet accumulation or nephropathy in these species, furth~r 
suggesting that the ~u-g syndrome occurs specifically in the male rat. · 

With regard to the potential for a chemical to produce renal tubule 
neoplasia in the male rat, there are common characteristics among the 
substances evaluated in this report. First, these compounds (and their 
CIGA-binding metabolites} possess little or no mutagenic activity in stan
dard batteries of tests, they are lipophiles and not electrophilic substances, 
and they do not appear to bind covalently to DNA. Second, the nephrotoxic 
response characteristic of CIGA always preceded renal tumor formation in 
the male rat, a finding not characteristic of classical renal carcinogens.· 
Third, for all eight model compounds examined in this report, additional 
sexes/species/strains were tested, and the increased incidence of renal 
tumors was found only in the male rat. 

the manner in which the human male responds to CIGA has not been 
tested directly although there are human proteins that, like ~u -g, are 
members of the lipocalin superfamily. Human urine also contains small 
amounts of a sex-linked urinary protein. Epidemiologic studies have ... 
focused ori glomerulonephritis or renal cancer a11d organic chemical expO
sure, in general, and not on renal tubule damage and CIGA exposure, and· 
they do not yield results useful for testing the hypothesized mechanism in 
humans. Protein overload can result in formation of hyaline droplets in 
human kidneys, although there is no evidence that this response has 
occurred from lipocalin accumulation. While it is not possible to resolve the 
issue of how the human renal tubule responds to CIGA exposure from the 
available data, the uniqueness of the male rat response among the tested. 
laboratory species and the high doses needed to produce an effect, even in 
the male nit, suggestthatthis reaction would not occur in humans, especially 
under typical conditions of exposure. 

· Several factors complicate the analysis of data on the renal effects of · 
CIGA. ·For the compounds examined to date, not all of the administered 
substance has been found to bind to~ -g. Thus additional CIGNCIGA 
metabolites potentially exist in the kidney along with the a 2 -g-bound 
material. The possibility that these other moieties are toxic to the kidney 
needs to be taken into account. For example, tetrachloroethylene, in 
addition to showing a2u -g nephropathy. displays evidence of renal toxicity 
typical of chlorinated hydrocarbons. This example demonstrates how other 
mechanisms may play some role in the observed results. 

At present, there is insufficient information on CIGA and their metabo
lites to confideniiy predict activity on the basis of structural analogy. Recent 
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research on structural correlations suggests that the presence of an electro
negative atom for hydrogen bonding, lipophilicity, and steric volume are 
important considerations. · Conformational changes or other structural 
alterations to the protein may also be necessary since binding of the 
compound in the protein pocket, alone, appears to be an insufficient 
condition to cause reduced digestibility of the protein. · 

Evidence of dose-responsiveness between CIGA administration and 
the degree of hyaline droplet or a2u -g formation has been demonstrated in 
several studies. However, these findings are frequently based on subjective 
histopathological criteria, limiting their usefulness for making quantitative 
judgments about the relative hazard potential of different chemicals. 

It is also important to recognize that for various reasons (e.g., doses 
administered too low, animals killed before the latency period of these slow
growing tumors is attained, number of specimens and histological sections 
insufficient, competing toxicity in kidney or other organs), the entire patho
logical sequence culminating in renal tubule neoplasia may not be demon
strated in all cases of CIGA administration. Thus, not all CIGA would be 
expected to demonstrate renal tubule neoplasia in the male rat in a 2-year 
animal bioassay. Such a finding would not negate the applicability of the 
hy~thesized CIGA syndrome to the eyaluation of nephropathy ~ata. 

Based on the cancer bioassays and other research studies of CIGA, an 
increased proliferative response caused by chemically induced cytotoxicity 
appears to play a role in the development of renal tubule tumors seen · 
exclusively in male rats. The male rat specificity of the response to CIGA 
administration is emphasized by negative findings in mice and female rats. 
These conclusions can probably be extended to analysis of human hazard 
potential, especially whenever human exposure to CIGA is not excessively 
high for sustained periods of time, when short-term tests for genotoxicity of 
the compound are negative, when the nephrotoxic response and increased 
cell turnover characteristic of CIGA have been demonstrated in the male rat, 
and·other·species/sex combinations were. tested but renal tubule tumors 
were observed only in male rats . 

. •' ' ·. 
XIII. Research Needs 

Certain studies, suggested to fill key data gaps, are listed below. There 
has been no attemptto outline all the possible avenues for research on C IGA 
and on lipocalins, since a vast array of useful experiments could be 

·envisioned.· Instead, recommended studies would greatly improve the 
database on these chemicals, provide needed information to answer 
questions of human relevance~ and setup a framework for improving the 
testing of chemicals that are potentially male rat renal tubule tumorigens. 
These research needs are listed as follows: · · 

.• . Extend studies in humans, wherever possible, to determine 
directly the effects of hydrocarbon and solvent exposure, 
focusing on specific jobs with relatively pure CIGA exposure. 
Any human renal pathology found should be compared with 
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~u -g nephropathy in the male rat, and urine should be examined 
for the presence· of cells and casts since this noninvasive 

. technique is readily applied to humans. . 
• · · Examine human subpopulations that excrete abnormal amounts 

of low-molecular-weight protein in the urine to determine if they 
are at risk of renal disease or renal cell cancer. 

" Examine additional active CIGA metabolites for binding to 
lipocalins, such as retinol-binding protein, a

1
-acid glycoprotein~ 

. and urine protein 1. If there is binding, determine if the protein 
·complex has a slower degradation rate. 

• Thoroughly characterize any protein droplet nephrotoxicity 
·observed as the result of administering known CIGA (e.g., 
d-limonene, TMP) to additional species (e.g., dog, hamster, 
rabbit, guinea pig, and especially nonhuman primate)~ 

•. . Develop a standardized short-term protocol (e.g., in the 2-week 
subacute study) that will detect any abnormal accumulation of 
hyaline droplets in the male rat kidney before suspected CIGA 
are placed on chronic study. (If hyaline droplet accumulation is 
found, this information should betaken into account in designing 
the bioassay.) · 

• . . Further characterize the response of the NBR rat, which does 
not appear to synthesize a2u -g, to CIGA and to classical renal 
carcinogens. These studies should verify, in a two-year chronic 
bioassay, that the NBR rat kidney is responsive to classical 

. renal carcinogens already tested in other strains, and they 
should evaluate the suitability of this strain of rat as a test 
species. If the NBR rat meets these two criteria, the possibility 
of employing a separate test group, consisting of male NBR · 
. rats, should be considered for conventional bioassays whenever 
excessive hyaline droplet formation has occurred in shorter

... term tests. 
. • Conduct serial-sacrifice studies of CIGA and non-CIGA renal 

carcinogens to determine if a distinctly different progression 
from a -g nephropathy to tumor formation can be seen for 
CIGA. ~tudies should involve chronic exposures, examine the 
histogenesis of the renal tubule tumors, and include "stop" 
experiments and time-dependent appearance of tumor markers. 

• Perform dose-response studies designed to quantitate the 
relationship between increased hyaline droplets and cell necrosis 
and betwe~n cell necrosis and cell regeneration. lri addition. 

· explore the possibility of additional steps in the progression that 
might further define the expression of cancer in the male rat and 

. the cause of cell death. 
• Conduct metabolism and disposition studies of CIGA in other 

species, compared with male rats, to determine the causative 
· chemical for the nephropathy, and to clarify sites of 

biotransformation and deposition and fate of these compounds. 
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Additional work, not as critical as the above, but which would also assist 
in understanding this disease process, includes the following: 

• Identify the accumulating material contained in hyaline droplets 
of proximaltubulesforchemicals that are apparent, but unverified 
CIGA, and conduct 2-year bioassays for decalin and TMP. 

• Perform additional in vitro assays using rodent kidney extracts 
to more specifically determine mutagenic potential of CIGA (or 
active metabolites). 

• Conduct studies on the genesis of CPN and its relationship to . 
«Xa. -g nephropathy and examin~ the poss!ble role of CPN as a 
cocarcinogenic factor for renal tumor induction. · . . . 

• Obtain more information on the renal catabolism of ~ :.g and 
the ·rate. and efficiency of protease-mediated hydrorysis in . · 
control and CIGA-treated rats. · 

• ·Study the binding relationships between CIGA and ~u-9 (e.g. 
affinity, concentration ranges, binding effectors} and determine 
th~ site at which binding of CIGA to ~u-g occurs (e.g., liver, 

. plasma, or urine) to investigate the hypothesis that the protein
CIGA complex. is only formed at high concentrations of the 
chemical. · 

• Determine the reasons why the amount of low-molecular
. weight protei,n in human urine is much less than it is in male.ra:t~ . 
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· Part 4~ Science Policy 

XIV. Background· and Introduction 
··An increased incidence of neoplasms in. laboratory animals adminis

tered .test chemicals is customarily viewed by scientists as an indication of 
carcinogenicity in animals and as some signal that.humans rriay be similarly 
affected. · From this line of reasoning, EPA generally presumes that animal 
tumor findings indicate there may be a cancer hazard to humans, although 
a final judgment as to human carcinog~nic potential can be made only in 
relation to all other relevant information;. Recent Studies suggest, however, 
that tumors produced in the tubule of the male rat kidney following the 
accumulation of alpha2u -globulin (~11-g) might involve a process that occurs 
only in the male rat. Because of the Implications to cancer risk assessment, 
the Risk Assessment Forum (RAF) established a Technical Panel to 
exai:nine the available information on ~u -g accumulation in· the kidney, 
associated renal disease, and kidney cancer. The scientific data supporting 
the Technical Panel's COJ"!Ciusions regarding the ~u -g sequence of lesions5 

are covered in depth in the preceding sections (Parts 1 through 3) of this 
document. · · 

Part 4 provides guidance to EPA risk assessors regarding evaluation of 
male rat kidney tumors and presents RAF conclusions regarding potential 
human hazard and risk for a special subset of these tumors, that is, renal 
tubule tumors in the male rat resulting from chemically induced ~u -g 
accumulation. Criteria for demonstrating this relationship are set forth below 
for use and discussion in all EPA assessments in which data on renal tubule 
tumors in the male rat are used to assess human risk. 

XV •. Basis for Science Polley on Male Rat Kidney Tumors 
The information that follows highlights critical data and outlines inferen

tial bridges used to select the most plausible explanationforthe information 
available on male rat kidney tumors. 

A. Low-Molecular-Weight Proteins In the Rat 
In rat kidneys, as in those of other mammals, naturally occurring low

molecular-weight proteins are transferred from the plasma into the urine by 
glomerular filtration. The proteins are then partially reabsorbed from the 
urine into the renal tubule of the kidney where they are eventually broken 
down by catabolism (see section 111-A). One of these low-molecular-weight 
proteins, a 2u-g produced by the liver under the stimulus of testosterone, 

5 In this report, lesion is a morphological alteration, due to disease. 
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reaches very high levels in the plasma and urine of young adult male rats, 
gradually declining with age. · ·· 

Alpha
2 

-globulin is regarded as a member of a large superfamily of 
proteins tllOught to be carriers of lipophilic molecules (see section Ill-D). 
Some of these proteins, e.g., retinol-binding protein and a1-acid glyCopro
tein, are found in many species, including humans. Others, like ~u -g, are 
found in specific species. The only member of the superfamily with a clearly 
defined physiological role is retinol-binding protein, the carrier .protein for 
vitamin A. Although these low-molecular-weight proteins are believed to 
have similar three-dimensional structures, the alignment of amino acid 
residues between any pair of proteins in the superfamily is small, roughly 20 
percent. The exception is a2u-g and mouse major urinary protein(s) (MUP) 
which are approximately 90 percent homologous. . · · ·. : .. 

Alpha
2 

-globulin derived from hepatic synthesis is not known to occur in 
the femaleu rat or any other species, including humans. Although similar 
forms of ~ -g are synthesized at nonhepatic sites in female ·rats and in the 
male NCI uBiack Reiter (NBR) rat, a strain whose males lack hepatic 
synthesis of ~u -g, none of these other forms of a2u -g norM UP accumulat~s 
in the renal tuoule following administration of the compounds discussec;i ·in 
Parts .1 .through 3. · · · 

B. Progression from Chemically Induced Alpha2u~globulln 
Accumulation to Nephropathy and Neoplasia · 

1. Overview 

The· information available provides a plausible, although probably 
incomplete, picture of a sequence of. events occurring in the male rat kidney 
following chemical administration. This sequence can be portrayed on a 
cellular and molecular level. Initially, the test chemical appearsto bind·· 
reversibly to ~u -g, seemingly forming a complex more resistant to lysosomal 
degradation than the unreacted protein itself (see section Ill-H). This shifts 
the balance between reabsorption and catabolism and appears to result in 
accumulation of the protein complex in a specific area ofthe renal tubule, the 
P2 segment. Continued compound administration results in a ·cytotoxic 
response .from the sustained protein overload to the renal tubule, causing 
single-cell necrosis of cells lining the surface of the tubule and other kidney 
pathology. The dead cells are replaced by cell division. As the cycle of cell 
death and cell replacement continues, with time tubule hyperplasia (ih-

. crease in number of cells) and neoplasia may occur. It is presumed, but 
certainly not proven, that continued· cell proliferation plays a role in the 
neoplastic process. · 

Morphologically, the sequence of events begins with an increase in 
the number and size of hyaline ·droplets6 ccintaining a2u-g.·. The next 

1 Spherical inclusions in the cytoplasm· that may contain various proteins (see section Ill-
~ . 
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characteristic lesion, single-cell necrosis in the renal tubul.e, may not .o~ 
seen but can be confirmed by observation of exfoliated degenerate· cells. In 
the tubule lumen7 and granu Jar casts. 8 Enhanced cell replication in response 
to cell death cah be seen as increased cell division or demonstrated by 
labeling techniques that measure increased DNA. synthesis. In chronic 
laboratory animal bioassays, tubule hyperplasia, linear mineralization in the 
renal papilla (possibly representing remnants of debris from disintegrating 
granular casts), and renal tubule tumors are observed. · · 

2. Specificity of the sequence to the male rat . 
Consistent results from hyPQthesis.,.testing experiments conducted over 

·the last decade in various laboratories establish the association between the 
accumulation of abnormal amounts of a 2u -g in the P2 segment of the renal 
tubules and a specific form of kidney disease, and they support an associa
tion between this nephropathic response and renal tubule tumors. Specifi
c~ny, the male rat. responds to administration of a2u:..g inducers. with a 
·characteristic nephropathy. The severity of this kidney disease is dose
dependent, not only with respect to the amount of compound administered, 
but also with respect to the concentration of~u-g in the kidney. This alpha u
·globulin nephropathy differs sufficiently from chronic progressive nephropathy 
(see section IV-E) commonly found spontaneously in aging male rats so that 
the two effects can be distinguished. In contrast, mice and female rats 
administered a 20 -g-inducers under the same conditions as male r~ts did not 
develop lesions characteristic of a2u-g nephropathy. . . . · .. · 

Hyaline droplets in the proximal tubule of untreated male rats contain 
~u -g, especially in young adults. Hyaline droplets are substantially re~uced 
in ca·strated male rats, further indicting the dependence ofthisphenomenon 
on male hormone levels. In female rats of any age, an observation of protein 
droplets is rare and a

20 
-g is not involved. · .. · 

. Specialized studies involving hormone manipulation have shown that 
the development of the early features of a2u -g nephropathy is dependentqn 
. the presence of the hepatic form of a2u -g. (1) Hyaline droplet or a u -_g 
accumulation does not occur when ~u -g-inducers are administered to 
immature or old male rats that produce little ~u -g in the liver. (2). Hyaline 
droplet accumulation is observed from administration of a2u -g-inducers eyen 
.in castrated rats, but the severity of the effect is diminished. (3) Estrogen 
f:!dministration to male rats reduces the severity of ~Y-g nephropathy. ·(4) 
Female ~ats ad~inistered an a2u-g-inducer along witn <X20-g purified-from 
male rat urine clearly showed hyaline droplet formation, a2u ,g accumulation 
in the kidney, and some nephropathy even though control female· rats 
showed no measurable effects. · 

7 Cell~ inside the tubule, which show cyt~plasmic deterioration, ·arising from the damag~d 
P2 segment (see section IV-A}. · · · 

8 The granular ca;;ts are composed of sloughed cell debris from the dead cells. They · 
accumulate at the junction between the P3 segment of the proximal tubule and the 
descending thin loop of Henle where diameter becomes narrower (see section JV..:A). 
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The specificity of the male rat response has been tested to a limited 
extent in a number of other species, with no evidence of hyaline droplet 
nephropathy in dogs, guinea pigs, hamsters, or monkeys. Since· these 
species (and the mouse and female rat) have proteins similar in structure to 
~ -g, tlie lack of damage to their kidney cells is consistent with the 
presumption that the specific ~u -g produced by the liver of male rats is 
necessary for the expression of the renal effects. 

Male rats of the NBR strain provide a unique opportunity for testing the 
~ -g hypothesis since this animal has no detectable levels of hepatic 
messenger RNA for a2u-g. Under conditions of exposure that produced 
·~u-g nephropathy in male rats of other strains, several chemicals adminis
tered to the NBR rat did not induce detectable accumulation of a 2u -g in the 
renal tubules. · 

Mice and female rats exposed to a2u -g-inducers in chronic bioassaysdid 
not develop an increased incidence of renal tubule tumors. In contrast, male 
rats developed a dose-dependent neoplastic response in the kidney. 
Additional experimentation using a nitrosamine as the initiator of cancer and 
an ~u -g-inducer as the promoter also support the observation that ~u -g is 
involved in the process leading to renal tubule tumors in the male rat. I none 
of these studies, the promotion potential of an ~u -g-inducer in NBR rats was 
contrasted ~ith the response in a conventional strain, the F344 rat.. Consis
tent with the hypothesis that ~u -g is necessary to induce a response, th~ 
promoter did not enhance renal tubule tumor formation in the~ -g-deficient 
NBR rat; but it did promote renal tubule tumor formation in th~ F344 rat. 

It is.clear that not all renal tubule cancer in laboratory animals occurs 
through the hypothesized a2u-g sequence. Other inducers of rodent renal 
tubule cancer are well known. These include, for example, certain 
nitrosamines in the rat and mouse and diethylstilbestrol in hamsters. In 
general, these prototypic renal.carcinogens are active in both males and 
females. The acute nephrotoxic changes in the renal tubules include mild 
lipid droplet accumulation and scattered single-cell necrosis, but hyaline 
droplet accumulation and its specific associated nephropathy are not 
characteristic. · 

Based on available information, a2u-g-inducers appear to have addi
tional features that distinguish them from other rodent kidney carcinogens, 
such as the nitrosamines. Alpha2u-globulin inducers appear to be 
nongenotoxic, or only marginally so, suggesting that the mechanism for 
tumor. induction does not depend on direct genetic injury. so· far, tne 
incidence of renal tumors produced in the male rat by ~ -g inducers has 
been relatively low, occurring late in life, and metastasizing rarely.· In 
contrast, certain rodent carcinogens induce a high incidence of kidney 

. tumors after as little as a single dose. 

Distribution studies ofcompounds and information on chemical binding 
to ~u-g indicate that, of the total chemical administered to the animal, only 
a small portion of the metabolites {possibly the parent compound) can 
account for all of the ~u-g accumulation. Considerable amounts of the 
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chemical .and other metabolites may also be present in the male rat kidney, 
not bound to lX..zu -g. These other moieties may, at times, cause toxic effects 
in the kidney, possibly even cancer, that are unrelated to the accumulation 
of lX..zu -g. Such information does not preclude a determination. that the 

.. a..zu-g sequence is involved in some manner with the renal tumorresponse. 

XVI. Science Policy Statement 

Based on the analysis of the scientific literature in Parts I through Ill, the 
RAF Technical Panel reached three major conclusions. First, the sequence 
of events proposed to link ~u -g accumulation to nephropathy and renal 
tubule tumors in the male rat 1s plausible, although not totally proven. 

Second, the a..zu-g response following chemical administration appears . 
to be unique to the male rat. Even though closely related proteins are 
present in other species, there is no evidence that these species respond to 
a..zu -g inducers in a manner similar to the male rat. 

Third, the male rat kidney response to chemicals that induce a..z~ -g 
accumulation is probably not relevant to humans for purposes of nsk 
assessment. . 

The RAF TechnicaJ Panel's findings provide the basis for a two part EPA 
science policy statement regarding use of data on male rat renal tubule 
tumors for human risk assessment. This science policy applies to individual 
chemicals or chemical mixtures. 

(1) Male rat renal tubule tumors arising as a result of a process 
involving a..zu·g accumulation do not contribute to the 
qualitative weight-of-evidence that a chemical poses a 
human carcinogenic hazard. Such tumors are not included 
in dose-response extrapolations for the estimation of 
human carcinogenic risk. 

(2) If a chemical induces a..zu-g accumulation in male rats, the 
associated nephropathy is not used as an endpoint for 
determining non-carcinogenic hazard. Estimates of non~ 
carcinogenic risk are based on other endpoints. 

Even when chemically induced a2u -g-related kidney tumors are 
present, other tumors in the male rat and any tumor in other exposed 
laboratory animals may be important in evaluating the carcinogenic poten
tial of the chemical. Likewise, the role of chemically induced a

2 
.:.g accumu

lation in the induction of renal tubule tumors in the male rat rs assessed 
independently of evaluations made regarding tumors at other sites. 

XVII. Guidance for Evaluating Chemically Induced Male Rat Renal 
Tubule Tumors 

To determine the appropriate use oft he data for EPA risk assessments, 
chemicals inducing renal tubule tumors in the male ratare examined in terms 
of three categories . 

. (1) The a2u -g sequence of events accounts for the renal 
tumors. · 
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(2) Other pOtential carcinogenic processes account for the renal 
tumors. 

(3) · The ~u -g-associated events occur in the presence of other .. 
· · · · potent1al carcinogenic processes, both of which result in ·renal 

tumors. . . . 

Two questions need to be answered. The first and simplest question is 
whether or not the a 20-g process is involved in the tumor development. The 

. ·second more difficult question, given an affirmative answer to the first,Js the 

. extent to which ~u -g-associated events,. rather thai') o~her processes, 
acco~nt for.the tumor increase: . .. . . . . . . · . 

... · ·.A d~terrni.nation of the extent to .which the ~u-g proces~ is involved in 
tumor development requires a substantial database, and not just ·a limit~d 

. set of jf1formation confined to the male rat. For .example; cancer bioassay 
data' are rieeded from the mouse and the female rat to be able· to demon
strate that the renal tumors are male-rat specific. Even· to answer the ·first 

. question·affirmativ~ly, information from toxicity studies must d.emonstrate 
whether or. not the ~u -:9 process is oper~tive (see section XVi 1-A b~low). In 

. :the absence of this minimum. information; there is no basis for judging the 
~ ·applica~ility of the a20-g process, and it would be assumed that the nia.le rat 

· . renal tumors are relevant for risk assessment purposes. Additional data are 
necessary (see section XVII-8 below) to .. answer the second quest!on and 
to assign a. chemical to cat,egories 1, 2, or 3. . . · .. · .. · : .... ·. 

,:· . A. . :.Renal.Tubule .Tumors In Male Rats and JUpha2u -globulin. 
. . Accumula(lon, · . . . . . . . · . . · 

The following information·from adequately conducted studies· of male 
·rats shows thafthe a2u .. g process could be a factor in the observed renal 
effects;. an· affirmative: response in each of the three categories is required. 
If data do not meet the criteria in any one category, the' available renal tumor 
pata. should be .analyzed in accordance with standard risk assessment 
·p·rinciples~ . . · · · ' · · · · · · · ·· 

·. · (1) lncre·ased number and size of hyaline droplets in renal proximal . . 
·tubule cells of treated male rats . 

· . The abnormal accumulation of hyaline droplets in the P2 segm~nt ofthe 
renal. t~;.~bule is necess.ary to .attribute the renal tubule tumors to the·~ -g 
sequence of events. This finding helps differentiate ~-g inducers. fr9m 
chemicals that produce renal tubule tumors through other means. · · · 

· .. (2), A~ct.i.mulating ·protein in the hyaline droplets i~ ~u~g · · • ... ·.· · · .. >. 

· .· · ... Hyaline droplet accumulation is a nonspecific response to ··protein 
-~verload !~!he re~al'tubul~ ~nd may, not be due to «X2u-g .(e'.g., a~ with 

.. chlorothaloml). T~erefore, at 1s. necess~ry to de~onstrate ·th~t ~u -g ac
counts for the hyalme droplet accumulatton found m. the male rat. · · . ·. 

' . 
'I •• 

(3) Aooitional qspects. of the pathological sequence of lesions 
· ~ssoc~~t~d V1fith .~~u -"g nephropathy are prese~t. · · .... 
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Typical lesions include: single-cell necrosis, exfoliation of epith~lial cells 
into the proximal tubular lumen, formation of granular casts, linear mineral
ization of papillary tubules, and tubule hyperplqsia. If the respons~ is mild, 
all of these lesions may not be observed; however, some elementS. consis
tent with the pathological sequence must be demonstrated to be present. 

B. Additional Information Useful for the Analysis 
If the preceding analysis (section XVII-A) indicates that tije ~ -g 

process is operative, then other information is reviewed to determi:Oe if the 
renal effects are solely ~u -g-associated, a combination of the a~ -g process 
and other potential carcinogenic processes, or due primanYy ~o other 
processes. Many kinds of information can assist in confirming that chemi
cally induced a2u-g accumulation is involved in the renal tumor resP.onse or 
that other processes cannot be ruled out. Some of these findings a:re listed 
below; the information may not always be available, nor should th!s list be 
considered exhaustive. · 

Hypothesis-testing data: Data from specialized tests cani greatly 
increase confidence that the ~u -g sequence is involved in the ren~l tubule 
tumor response. Such information might include: modification of the 
nephrotoxic response through use of the NBR rat, or manipulation of sex 
hormones (e.g., androgens) or ~u-g levels (e.g., a2u-g administ~ation to 
female rats). Other information might include initiation-promotion! studies 
comparing males of the NBR strain with males of other rat strains~ 

Additional biochemical information: Certain in vivo and in vitro data help 
characterize a chemical as one that induces accumulation of a2u -g. Such 

· information might include: reversible binding of the chemical (or t;netabo
lites) to ~u -g, reduction in the lysosomal degradation of the agu -g-cpmplex, 
·and disposition studies demonstrating sex- and species..,speciflc ret~ntion of 
the test compound in the male rat kidney. · 

Sustained cell division in the proximal tubule of the male rat: A sJstained 
increase in cell replication in the P2 segment of the renal tubule* doses 
used in the cancer bioassay and a dose-related increase in ;atypical 
hyperplasia of the renal tubule· is consistent with the a2u -g proces$, espe
cially if other laboratory animals were tested and did not shoW; similar 
responses. These endpoints are nonspecific for ll:.u -g-inducers, hpwever, 
since other renal carcinogens may also affect the P2 segment of t~e renal 
tubule. · 

Structure-activity relationships: Structure-activity relationships fo;rchemi
cals that induce a u -g accumulation in the male rat kidney are not well 
defined, although tllere appear to be dimensional requirements tp fit the 
protein pocket, a requirement for a degree of lipophilicity, and a ne~d for an 
electronegative atom in the molecule or its active metabolite.: Other 
structural features might suggest that a chemical belongs to adifferent class 
of suspected carcinogens. : 

Covalent binding to macromolecules: Some inducers of ren~l tubule 
cancer in rodents (e.g., nitrosamines) are known to bind covalentlyito DNA 
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or oth:er macromolecules~ Others do not appear to bind to DNA (e.g., 
isophQrone) suggesting that such information may assist in distinguishing 
differ~nt processes leading to renal cancer. 

G~notoxicity: Although renal tubule neoplasia associated with clearly 
genotoxic chemicals is a well known response, information to date supports 
a con~lusion that a 2u -g inducers are essentially nongenotoxic and do not 
depe~d on direct genetic injury for the production of tumors. Thus, 
information on potential genotoxicity in a standard battery of short-term tests 
relevant to the evaluation of potential carcinogenicity provides a possible 

· devic~ for helping to distinguish between these processes. . 

N~phrotoxicity: Chronic progressive nephropathy (CPN) in the aging 
male rat can complicate the analysis of other renal lesions. ·However, 
nephi.otoxicity in the male rat not attributable to either CPN or ~u-g 
accumulation, or a nephrotoxic response in the female rat or the mouse, 
suggests that the possibility of other processes leading to renal cancer 
should be considered. · 

i ' 

Animal bioassay data In other species-, sex-combinations: The ~u·g
syndrome is specific to the male rat. Positive cancer responses in the renal 
tubule in female rats, mice of either sex, or any other laboratory animal imply 
that t~e <l,.u -g syndrome alone does not account for the renal tubule tumor 
respo:nse 1n.the male rats. · · 

C'onfidence in determining which of the three categories applies de
pend$ on the comprehensiveness and consistency of available data. If all 
the data (two species, two sex combination bioassay, all elements in XVII
A, and additional information such as that described in XVII~B) are consis
tent ~ith a role for chemically induced ~-g, there is a high degree of 
confidence that the ~u-g syndrome, alone, accounts for the renal tubule 
tumo~s. In contrast, if mformation from adequate testing is inconsistent with 
the ~u-g syndrome (e.g., renal tubule tumors are present in female rats or 
mice)',.other carcinogenic processes probably account for all or most of the. 
renal !tumors. Sometimes, the information will indicate that more than one 
carchnogenic process is occurring; in these cases, as a minimum, the criteria 
in support of a2JI -g involvement (section XVII-A) are present, but there is also 
evide:nce cons&stent with other mechanisms. Decisions on the applicability 
of th~ three categories can only be made on a case-by-case basis, taking 
all of the information into account. Whatever the finding, the risk assessor 
should clearly delineate and thoroughly document the basis for any deci
sions! made. 

c. IJ.se of tl1e Data for Risk Assessment · 
Qnce a decision on the applicability of the three categories is made, it 

becomes possible to determine how the response in the male rat renal 
tubul~ would apply to evaluating human hazard and to estimating human 
cancer risk. In general, the following guidance applies, recognizing that 
tumors occurring at other sites in laboratory animals administered com
pounps that induce ~u -g accumulation in the male rat will be judged on their 
own ~erits. . . 
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Compounds producing renal tubule tumors In male rats attribut
able solely to chemically Induced ~u -g accumulation: these renal tubule 
tumors will not be used for human cancer hazard identification or for dose
response extrapolations. 

Compounds producing renal tubule tumors that are nollinked to 
~u-g accumulation: these renal tubule tumors are an appropriate endpoint 
for human hazard identification and are considered, along with other 
appropriate endpoints, for quantitative risk estimation. 

Compounds producing some renal tubule tumors In male rats 
attributable to the ~ -g process and some attributable to other carci
nogenic processes: fn general, the information needed to make a quanti
tative determination of the relative contribution of each process to tumor 
development will not be available. Thus, even though the information on the 
renal tubule tumors remains relevant for purposes of hazard identification, 
a meaningful dose-response estimate based on renal tubule tumors in the 
male rat is generally not possible and should not be performed. If there is 
enough information to determine the relative contribution of each process to 
the overall renal tubule cancer response in male rats, the non-a~w·g-induced 
component may be used, as appropriate, for dose-response evaluation as 
well as hazard identification. 

XVIII. Nephropathy as a Toxic Endpoint 

If a compound induces a2 -g accumulation in hyaline droplets, the 
associated nephropathy in mare rats is not an appropriate endpoint to 
determine noncancer (systemic) effects potentially occurring in humans. 
Likewise, quantitative estimates of noncancer risk (e.g., reference doses 
and margin-of-exposure determinations) are based on other endpoints. . 

It should not be anticipated that a compound that produces nephropathy 
in the male rat through the sequence of events beginning with the accumu- · 
lation of ~u -g will always be found to induce renal tubule tumors in the male 
rat. The aoility to detect renal tumors depends on many features that may 
not be present in any individual experiment, e.g., sufficient dose to induce 
effect without early deaths of the animals, competing toxicity from other 
moieties not bound to ~u-9, insufficient length of exposure orfollowup, and 
incomplete histopathology. Even in the absence of renal tubule tumors in · 
the male rat, it the sequence of lesions characteristic of the ~u-g syndrome 
are present, the associated nephropathy in the male rat does not contribute 
to determinations of noncarcinogenic hazard or risk. 
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ApjHindlx ·Non-Neoplastic Effects of Hyaline Droplet Inducers 

Table A·1. Substances that have Induced Hyaline Droplet Accumulation and/or Elevated Levels of Alpha211 -Globulin In Renal Proximal 
Tubules of Rar. . · 

Evidence for exacerbation 
of hyaline droplets In Evidence for Increased 

Substance/Chemical renal proximal tubule cells renal alpha2u-globulln levels 

Males Females References Males Females References 

Unleaded gasoline + - Halderetal. (1984) + NR Olson et al. (1987) 
Thomas et al. (1985) Garget al. (1988) 
Murty et al. (1988) 
Garget al. (1988) 

2,2,4-Trimethyl- + - Stanard et al. + - Stanard et al. (1966) 
pentane (1985, 1986) Charbonneau at al. (1987) 

(0 
Locket al. (1987b) 

0 

JP-4 jet fuel (mixed + - . Bruner (1984) NR NR 
distillate hydrocarbons) MacNaughton and Uddin 

(1984) 

JP-5 jet fuel (mixed + ·- Parker at al. (1981) NR NR 
distillate hydrocarbons) Bruner (1984) 

Gaworski et al. (1984) . 
MacNaughton and Uddin 
(1984) 

Diesel fuel, marine + - Bruner ( 1984) NR NR 
Gaworski et al. (1985a) 

JP-1 0 synthetic jet fuel + NR MacNaughton and Uddin NR NR 

(exohexahydro-4,7- (1984) 
methanoindan) Mattie et al. (1988) 
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Evidence for exacerba_tlon _ 
-·· -- .-

of hyaline droplets In · Evidence for Increased 
Substance/Chemical -renal proximal tubule cells renal alpha2u-Qiobulln levels 

Males Females Referenc_es Males Females References 
RJ-5 synthe~ jet fu~ + - MacNaughton and u'ddin NR NR 
(hydrogena~ diniers (1984) ; 
of norbomadiene) 

JP-7 distillate jet fuel + - Bruner (1990, unpublished 
data) 

NR NR 

Alden (1989) 

JP-TS distillate jet fuel + - Bruner (1990, unpublished NR NR 
data) 

«> Alden (1989) .... 
Stoddard solvent + - Phillips and Cockrell NR NR 

(1984) 

C1o-C1~ and C1o-C12 + - Phillips and Cockrell + - Viau et al. ( 1986)' isopara nic solvents (1984) 
(saturated aliphatic Viau et al. (1986) 
hydrocarbons) 

Decalin + - Alden et al. (1984, 1985) .. + - Alden et al. (198~. 
Br!Jner (1984) 1985) 
Gaworski et al. (1985b) Kanerva et al. (1987b) 
Kanerva et al. (1987a) 
Stone etal. (1987) 

Tetralin + NR Serve et al. (1988) NR NR 



T•bleA·1. (cont) 

Evidence for exacerbation 
of hyaline droplets In Evidence for Increased 

Substance/Chemical renal proximal tubule cells renal. alpha2u-globulln levels 

Males Females References Males Females References 

d-Umonene + - Ridder et at. ( 1987) + - Ridder et al. ( 1988) 
Kanerva et 81_. ( 198 7a) Lehrnan-McKeernan-etat. 
NTP (1990) (1989) 
Lehman-McKeeman et al .. Webb et at. (1989) 
(1989) 
Webb et al. (1989) 

Pentachlorobenzene + - NTP (1991a) NR NR 

1 ,2,4,5-Tetrachloro- + - NTP (1991b) NR NR 

<0 benzene 
1\) 

.1 ,4-Dichlorobenzene + - NTP (1987a) + NR Charbonneau et at. (1989) 
Barnhard et al. (1988) 
Charbonneau et at. (1989) 

Tetrachloroethylene + - Goldsworthy et al. (1988a) + - Goldsworthy et al. (1988a) 

(Perchloroethylene) Green etal. (1990) 

Pentachloroethane . +. - . Goldsworthy et al. + - Goldsworthy et at. 
(1988a) (1988a) 

Hexachloroethane · + - NTP ,(1989) NR NR 

lsophorone + NR Strasser et al. (1988) + NR Strasser et al. (1988) 

.. 
·undane + - Dietrich and Swanberg + - Dietrich and Swanberg 

(1990, 1991b). (1990, 1991b) 



T•bi•A·1. (cont.) 

Evidence for exacerbation 
of hyaline droplets In Evidence for Increased 

Substance/Chemical renal proximal tubule cells renal alpha2u11lobulln levels 

Males Females References Males Females References 

Dimethyl methyl- + - NTP (1987b) NR NR 
phosphonate · 

Methyl isobutyl ketone + - Phillips et al. (1987) NR NR 

Methyl isoamyl ketone + - Katz et al. (1986) NR NR 

Diisobutyl ketone + - Dodd et al. (1987) NR NR 
(0 
w 

BW540C 
(3-methylamino-1- + - Read et al. (1988) + NR Read et al. (1988) 
(3-trifluoromethyl-
phenyl)-2-pyrazoline) 

BW58C 
(mixture of isomeric + - Read et al. (1988) + NR Read et al. (1988) 
cis and trans lorms 
of 2-( 4'-t-butylcyclohexyl) 
-3-hydroxy-1-4-naphtho-
quinone) 

Levamisole + - Read et al. (1988) + NR Read et al. (1988) 
(levoisomer of 2,3,5,6- - " ~ ... ..... . -~-~ . """ . ·~ " . .... ' " OMO ~-" o o o• 0 ~ 0°00~ ... ·-· .. -·· " . ·····-. '" ... """ .. ····· .. -~tetral'iyarO:S-pnenyl:-- - ·-- · ·- · --
imidazo-(2,1-b) thiazole)" 



Table A."1. (cont) .. 

Substance/Chemical 

Evidence for exacerbation 
of hyaline droplets In_· 

renal proximal tubule cells 
Evidence for·lncreas&d 

renal alpha2u-globuUn _a·evels 
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Appendix· Non-Neoplastic Effects of Hyaline Droplet Inducers 

Table A·2. Non-Neoplastic Rndlngs Reported 2· Year Studies on Ten Selected Substances that Produce Renal Tubule Tumors In Rats 

Chemlpai/Substance 

1 ,4-Dichlorobenzene 
species: F344 rats 

B6C3F1 mice 
route: gavage 
ref: NTP-TR-319 
. (NTP, 1987a) 

Dimethyl methylphosphonate 
·species: F344 rats 

B6C3F1 mice 
route: gavage 
ref: . NTP-TR-323 

(NTP, 1987b) 

Hexachloroethane 
species: Osborne Mendel rat 

B693F1 mice 
route: gavage 
ref: NTP-TR-68 

. (NCI, 1978b) 

Non-Neoplastic lesions 

Renal damage was not observed in female rats or mice in 13-week studies. Cell degeneration 
or necrosis of tubule epithelium was observed in male rats in a 13-week study. In 2-year 
studies, the severity of nephropathy was greater in male rats than female rats. Nephropathy 
characterized by degeneration and regeneration of renal tubule epithelium, tubule dilation 
with attenuation and atrophy of the epithelium, granular casts in tubules of the outer stripe 
of the medulla, ·thickening of basement membranes, and minimal accumulation of interstitial 
collagen. Renal tubular regeneration was noted in female mice. Nephropathy increased with 
dose in male mice and female rats. 

Kidneys of dosed male rats but not of dosed male mice had varying degrees of tubule cell re
generation, hyaline droplet degeneration, and cellular. infiltrate (13 wks). At 2 years, · 
the average severity of nephropathy increased and calcification was observed in the 
collecting tubules of the renal pelvis of male rats. The nephropathy was characterized by 
degeneration of the tubule epithelium, tubule dilation with attenuation and atropy of the 
epithelium, granular casts in the tubules of the outer stripe of the outer medulla, 
thickening of basement membranes, minimal to mild accumulation of interstitial collagen, and 
minimal to mild inflammatory cell infiltrates. The increase in severity of 
nephropathy was ranked, control to high dose, 1.9, 2.5, and 2;8, on scale of 1 to 4. 

Toxic tubule nephropathy was observed in all groups of treated rats and in male and female 
mice. The nephropathy in rats was characterized by degeneration, necrosis, and the presence 
of large hyperchromatic regenerating epithelial cells. Overlying the tubule lesions were 
chronic interstitial fibrosis and nephritis, focal pyelonephritis, tubular ectasia, 
cast formation, and focal glomerulosclerosis. In mice, nephropathy was characterized by 
degeneration of affected tubules containing hyaline casts. The kidney often showed 
infiltration of inflammatory cells, fibrosis, and calcium deposition. The incidences of 
toxic nephropathy were higher in mice than in rats. 



TableA·2. (cont) 

Chemical/Substance 

Hexachloroethane (cont.) 
species: F344 rats 
route: gavage 
ref: NTP-TR-361 

(NTP, 1989) 

lsophorone . 
species: F344 rat 

86C3F1 mouse 
route: gavage 
ref: NTP-TR-291 

~ (NTP, 1896a) 

d-Umonene 
species: F344 rats 

B6C3F1 mice 
route: gavage 
ref: NTP-TR-347 

(NTP, 1990) 

Pentachloroethane 
species: F344 rats 

· 86C3F1 mice 
route: gavage 
ref.: · NTP-TR-232 

.. (NTP, 1983) . 

Non-Neoplastic lesions 

Nephropathy observed in nearly all males; overall average severity mild in vehicle controls 
and mild to moderate in dosed males. Incidence and severity of nephropathy was increased 
in dosed females relative to controls. Nephropathy. in each sex consisted of tubule cell 
degeneration, regeneration and dilation, atrophy, glomerulosclerosis, interstitial 
fibrosis, and chronic inflammation. Linear mineralization of the renal papillae showed a dose
related increase in male rats. Hyperplasia of pelvic transitional epithelium was increased. 
Incidences of mineralization and pelvic epithelial hyperplasia were not increased in females. 

Tubular cell mineralization was increased in dosed male rats but not in dosed female rats. 
This lesion was characterized by basophilic aggregates of minerals most often found in the 
medullary collecting ducts and occurred coincidentally with lesions of chronic nephropathy. 
The incidence of nephropathy was similar in dosed and vehicle control male rats, the severity 
was greater in low dose males. Hyperplasia of the renal pelvis was observed in dosed male 
rats but not in vehicle controls. 

Increased severity of nephropathy in male rats at 13 weeks characterized by degeneration 
of epithelial cells in convoluted tubules, granular casts in the outer medulla, and 
epithelial regeneration. No lesions in female rats. Increase in severity of nephropathy 
and linear deposits of minerals in the renal medulla and papilla in male rats in 
2-year studies. 

Chronic, diffuse inflammation, distinguishable from nephropathy seen in aging F344 rats, 
were· found in male rats in a significant dose-related increase. Interstitial fibrosis and 
tubule-dilation more severe than in old-age nephropathy .. Mineralization of the renal · 
papilla observed at increased incidences in dosed male rats. Some dilated tubules with 
giant cells and casts wer:_e obser_ved. No indjcation of renal toxicity was reported for 
female rats or mice. · · · · · · -
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Table A-2. (cont.) 

ChemlcaUSubstance 

Tetrachloroethylene 
species:· F344 rats 

B6C3F1 mice 
route: inhalation 
ref: NTP-TR-311 

(NTP, 198Gb) 

Unleaded gasoline 
species: F344 rat 
route: inhalation 
ref: USEPA, 1987 

Chlorothalonil 
species: Osborne-Mendel rats 

B6C3F1 mice 
route: diet 
ref: NTP-TR-41 

(NCI, 1978a) 

Trichloroethylene 
species: ACl rats 

· August rats 
Marshall rats 
Osborne-Mendel rats 

route: gavage 
ref: NTP-TR-273 

(NTP, 1988) 

.. No.n-Neoplastlc lesions 

Both male and female rats exhibited renal tubule cell karyomegaly. Karyomegaly also 
occurred in mice. Castformation was noted in male arid female mice. Tubule cell hyperplasia 
was seen in male rats and male mice. · 

Dose-related kidney lesions at 3-6 months in males included focal tubule basophilia and 
tubular casts at the corticomedullary junction. An interrelated increase in the incidence 
of renal pelvis mineralization was also reported at 12 months, 18 months, and terminal 
sacrifice; Progressive glomerulonephrosis was reported in one high-dose male at 12 months; 
the incidence was higher at 18 months but was dose-related; at the final sacrifice, nearly 
all male rats exhibited this lesion (MacFarland et al., 1984). Karyomegaly, i.e., very large 
nuclei within cells of tubule epithelium, first noted at 12 months; at 18 months, more 
numerous karyomegalic cells were observed in treated males, particularly in the high-close 
group (UAREP, 1983). 
"" . 

No non-neoplastic renal lesions were reported in the NTP bioassays. 

Cytomegaly noted in males· and females of all strains. Toxic nephropathy increased in both 
sexes of all strains. Calcification was produced in kidneys of ACI male·and female rats. 
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	EXECUTIVE SUMMARY 
	Diisononyl phthalate (DINP) does not meet the standard for listing under Proposition 65 as a carcinogen. The weight-of-evidence is that, while high doses of DINP cause tumors in rodents, the specific tumor types are widely known to be not relevant to human cancer hazard assessment.  
	Note: These attachments are not re-included as part of the ExxonMobil response to the DINP HID (2013). 
	Please refer to the original ExxonMobil 2010 submission for them.  
	In an attempt to assist the Science Advisory Board Carcinogen Identification Committee (CIC) in its consideration of DINP, OEHHA staff prepared a Hazard Identification Document (HID) on DINP. OEHHA failed in that attempt as the HID shockingly does not provide a balanced and complete summary by which the CIC may make a weight-of-evidence determination. It consistently fails to recognize the breadth and depth of available scientific literature that exhaustively shows the lack of human relevance and/or biologi
	These comments counter the bias and omissions of the HID and demonstrate that, under a rigorous and balanced weight-of-evidence approach, the data demonstrate that DINP does not cause cancer in humans and therefore, the CIC should conclude that DINP should not be listed under Proposition 65. In the event the CIC does not believe it can adequately review the information herein and the associated literature in a thoughtful manner by December 5, thereby concluding that DINP should not be listed as a carcinogen
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	Figure
	Figure
	With respect to the data, the weight-of-evidence shows: 
	 Liver tumors are not relevant to human cancer hazard assessment. These were observed in rodents chronically exposed to high doses of DINP. However, these tumors arose through the rodent-specific PPARα activation pathway, widely understood to be not relevant to humans. 
	 Liver tumors are not relevant to human cancer hazard assessment. These were observed in rodents chronically exposed to high doses of DINP. However, these tumors arose through the rodent-specific PPARα activation pathway, widely understood to be not relevant to humans. 
	 Liver tumors are not relevant to human cancer hazard assessment. These were observed in rodents chronically exposed to high doses of DINP. However, these tumors arose through the rodent-specific PPARα activation pathway, widely understood to be not relevant to humans. 

	 Kidney tumors are not relevant to human cancer hazard assessment. These were observed only in male rats exposed to high doses of DINP. However, as recognized by all other reviewers, these tumors arose through the male rat specific alpha-2u-globulin mechanism, widely understood to be not relevant to humans.  
	 Kidney tumors are not relevant to human cancer hazard assessment. These were observed only in male rats exposed to high doses of DINP. However, as recognized by all other reviewers, these tumors arose through the male rat specific alpha-2u-globulin mechanism, widely understood to be not relevant to humans.  

	 Mononuclear cell leukemia (MNCL) is not relevant to human cancer hazard assessment. This finding in this strain (male F-344 rats) is so frequent in both controls and treated animals that the National Toxicology Program (NTP) has discontinued use of the strain. It is widely understood to be not relevant to humans.  
	 Mononuclear cell leukemia (MNCL) is not relevant to human cancer hazard assessment. This finding in this strain (male F-344 rats) is so frequent in both controls and treated animals that the National Toxicology Program (NTP) has discontinued use of the strain. It is widely understood to be not relevant to humans.  

	 Testicular, uterine and pancreatic tumors highlighted in the HID were not present at statistically significantly increased levels and were each within historical control levels. Testicular and uterine tumors were seen in only a single study. Pancreatic tumors were seen only in male rats in that same study and high-dose female mice in another study.  
	 Testicular, uterine and pancreatic tumors highlighted in the HID were not present at statistically significantly increased levels and were each within historical control levels. Testicular and uterine tumors were seen in only a single study. Pancreatic tumors were seen only in male rats in that same study and high-dose female mice in another study.  


	Figure
	These points are fully supported in the provided comments and demonstrate that the DINP data cannot justify listing DINP as “known to the State to cause cancer.” 
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	INTRODUCTION 
	These comments are submitted on the Hazard Identification Document (HID) for diisononyl phthalate (DINP), prepared by the Office of Environmental Health Hazard Assessment (OEHHA) for the Proposition 65 Carcinogen Identification Committee (CIC).1 The CIC is scheduled to consider DINP for listing as “known to the State to cause cancer” on December 5, 2013.2 Such listing is subject to the provisions of the Safe Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65), Health and Safety Code section 25
	1  Tomar R, Budroe J, Cendak R (2013). Evidence on the Carcinogenicity of Diisononyl Phthalate (DINP), OEHHA Reproductive and Cancer Hazard Assessment Branch, 
	1  Tomar R, Budroe J, Cendak R (2013). Evidence on the Carcinogenicity of Diisononyl Phthalate (DINP), OEHHA Reproductive and Cancer Hazard Assessment Branch, 
	1  Tomar R, Budroe J, Cendak R (2013). Evidence on the Carcinogenicity of Diisononyl Phthalate (DINP), OEHHA Reproductive and Cancer Hazard Assessment Branch, 
	http://www.oehha.ca.gov/prop65/hazard_ident/pdf_zip/DINP_HID100413.pdf
	http://www.oehha.ca.gov/prop65/hazard_ident/pdf_zip/DINP_HID100413.pdf

	. 

	2  Id.; OEHHA, Announcement of the Carcinogen Identification Committee Meeting Scheduled for December 5, 2013 and the Availability of Hazard Identification Documents for Butyl Benzyl Phthalate and Diisononyl Phthalate [10/04/13], 
	2  Id.; OEHHA, Announcement of the Carcinogen Identification Committee Meeting Scheduled for December 5, 2013 and the Availability of Hazard Identification Documents for Butyl Benzyl Phthalate and Diisononyl Phthalate [10/04/13], 
	http://www.oehha.ca.gov/prop65/public_meetings/100413MeetingHazIDmats.html
	http://www.oehha.ca.gov/prop65/public_meetings/100413MeetingHazIDmats.html

	. 


	ExxonMobil strongly believes that, under a rigorous and balanced weight-of-evidence approach, the data demonstrate that DINP does not cause cancer in humans and therefore that the CIC should conclude that DINP should not be listed under Proposition 65. The HID has identified studies where animals developed tumors and were exposed to DINP; however, the HID consistently fails to also recognize the breadth and depth of available scientific literature that exhaustively addresses the lack of human relevance and/
	Based only on the HID and the papers it cites, the CIC cannot make a well-considered, weight-of-evidence assessment of the available science on which to base its determination. The comments provided here, to the extent possible in the very short comment period provided, redress the imbalance of the HID to provide a weight of the evidence resource to assist the CIC. In the event the CIC does not believe it can adequately review the information herein in a thoughtful manner by December 5, thereby concluding t
	A close look at the DINP data shows that all tumor types but the liver tumors, discussed further below, can be immediately dismissed:  
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all International Agency for Research on Cancer (IARC) criteria for this mechanism are met. Therefore, these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all International Agency for Research on Cancer (IARC) criteria for this mechanism are met. Therefore, these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all International Agency for Research on Cancer (IARC) criteria for this mechanism are met. Therefore, these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  


	 
	 Mononuclear cell leukemia (MNCL) has been observed only in male Fischer 344 (F-344) rats – a finding in this strain so frequent in both controls and treated animals that the National Toxicology Program (NTP) has discontinued use of the strain, and multiple expert bodies 
	 Mononuclear cell leukemia (MNCL) has been observed only in male Fischer 344 (F-344) rats – a finding in this strain so frequent in both controls and treated animals that the National Toxicology Program (NTP) has discontinued use of the strain, and multiple expert bodies 
	 Mononuclear cell leukemia (MNCL) has been observed only in male Fischer 344 (F-344) rats – a finding in this strain so frequent in both controls and treated animals that the National Toxicology Program (NTP) has discontinued use of the strain, and multiple expert bodies 


	have questioned its relevance to humans. Thus, these tumors are not relevant to humans and do not support listing of DINP as “known to the State to cause cancer.” 
	have questioned its relevance to humans. Thus, these tumors are not relevant to humans and do not support listing of DINP as “known to the State to cause cancer.” 
	have questioned its relevance to humans. Thus, these tumors are not relevant to humans and do not support listing of DINP as “known to the State to cause cancer.” 


	 
	 The testicular and uterine tumors were not statistically significant and each was seen only in one sex in a single study of a form of DINP that was never commercially developed (Bio/dynamics, 1986). 3 The pancreatic tumors also were not statistically significant and were seen only in male rats in that same study of a non-commercial product and in female mice in Moore (1986b). The incidence of these three tumor types in each case was within historical control levels, and none of these tumors was replicated
	 The testicular and uterine tumors were not statistically significant and each was seen only in one sex in a single study of a form of DINP that was never commercially developed (Bio/dynamics, 1986). 3 The pancreatic tumors also were not statistically significant and were seen only in male rats in that same study of a non-commercial product and in female mice in Moore (1986b). The incidence of these three tumor types in each case was within historical control levels, and none of these tumors was replicated
	 The testicular and uterine tumors were not statistically significant and each was seen only in one sex in a single study of a form of DINP that was never commercially developed (Bio/dynamics, 1986). 3 The pancreatic tumors also were not statistically significant and were seen only in male rats in that same study of a non-commercial product and in female mice in Moore (1986b). The incidence of these three tumor types in each case was within historical control levels, and none of these tumors was replicated


	3  As correctly stated in the HID (p. 6), the substance tested in Bio/dynamics (1986) -- Santicizer 900, CAS no. 71549-78-5 – has never been produced on a commercial scale. The commercial DINPs are CAS nos. 68515-48-0 and 28553-12-0.  
	3  As correctly stated in the HID (p. 6), the substance tested in Bio/dynamics (1986) -- Santicizer 900, CAS no. 71549-78-5 – has never been produced on a commercial scale. The commercial DINPs are CAS nos. 68515-48-0 and 28553-12-0.  

	 
	With respect to the liver tumors, there is a very large database demonstrating that these tumors are caused by a mode of action not relevant to humans. The mode of action involves the peroxisome proliferator activated receptor alpha (PPARα). A strong consensus was developed in the scientific community in the late ‘90’s and early ‘00’s that tumors caused by this mode of action in rodents are not relevant to humans (e.g. IARC, 1995; Klaunig et al., 2003). Some recent papers have called this conclusion into qu
	The complete database for the issue of the PPARα mode of action in rodents and its relevance to human assessment consists of hundreds of studies and reviews developed over the past three-plus decades. The studies include chronic and subchronic studies in rodents, non-human primates, and other laboratory species; pharmacokinetic and pharmacodynamics studies; various sophisticated in vitro assays; clinical studies (because fibrate drugs are potent PPARα agonists); and a number of reviews of the issue have bee
	The HID, unfortunately, is completely inadequate to support the CIC’s weight-of-evidence evaluation of the rodent liver tumors. It also fails to provide a sound basis for evaluating any of the other tumors observed in the rodent studies. Many key studies are not discussed in the HID, and others are inadequately discussed or even misrepresented. OEHHA staff may not consider the missing information sufficient to alter its views, but that is not the test for inclusion. The CIC should have access to this inform
	To support and facilitate the CIC’s deliberations, these comments are divided into four parts. Overall, we note that many of the flaws in the HID could have been easily avoided simply by using information that was supplied by ExxonMobil in 2010, and/or that is readily available in reviews by other independent bodies. The HID’s failure to include such information is inexplicable. 
	Part 1 of these comments explains how and why the HID is completely inadequate to enable the CIC to conduct a weight-of-evidence evaluation. Numerous relevant studies are missing from the HID, and a number of statements in the HID are demonstrably wrong or misleading. The HID describes other governmental assessments in biased and misleading ways, citing only those portions that support points made in the HID, and omitting mention of portions that contradict the HID. The HID also presents hypotheses as if th
	The CIC needs to review the complete database to understand why the tumors observed in rodents (but not in primates) are not relevant to humans. ExxonMobil has presented the CIC with an opportunity to do that through these comments, a thorough review of which will inevitably lead to the conclusion that DINP should not be listed under Prop 65 as “known to the State to cause cancer.”  
	Part 2 of these comments presents an overview of the weight-of-evidence , showing how it supports the conclusion that neither the liver tumors nor any other rodent tumors cited by OEHHA in the HID support listing DINP. This overview identifies a number of the studies overlooked by OEHHA, corrects some of the misstatements in the HID, and, importantly, shows how many other authoritative bodies have reached the same conclusions presented in these comments.  
	Part 3 of these comments is a deeper dive into the science, providing information necessary to enable a more robust weight-of-evidence evaluation. It presents a section-by-section review of the HID in light of all the available data on DINP to assist the CIC in understanding the full body of evidence.  
	Part 4 is a copy of a substantive information document with expert opinions attached, which was submitted by ExxonMobil to OEHHA in 2010. It discusses the relevant science in considerable detail, including many peer-reviewed articles and key points that were overlooked, incompletely discussed, or inaccurately presented in the HID. 
	The listing of a substance under Proposition 65 is an important decision that needs to be rigorously justified. For DINP, unlike many other substances that come before the CIC, it is not a straightforward question of, Does the chemical cause tumors in animals? It is a deeply researched question of, Are the tumors observed in animals relevant for human cancer hazard assessment? That means a decision must be based on all relevant evidence, presented in a sound, objective manner in an unbiased scientific docum
	Here, the HID falls short of the mark. It is so severely deficient that it does not provide a sound basis for CIC deliberations with respect to any of the animal tumors that are discussed. Further, the schedule set by OEHHA does not give the CIC time to correct for the errors and omissions in the HID and otherwise do its job. 
	For the reasons given herein, the CIC should find that the weight-of-evidence does not support listing of DINP as “known to the State to cause cancer.” If it is not able to do so on December 5, we ask that, for the reasons set forth in greater detail in these comments, the CIC direct OEHHA to rewrite its HID for DINP, and that the CIC defer its evaluation of DINP for possible listing until an adequate HID has been prepared and made available for public comment.  
	 
	 
	 
	 
	PART 1  THE HID DOES NOT PROVIDE A SOUND BASIS FOR THE CIC’S DELIBERATIONS 
	Parts 2, 3 and 4 of these comments explain why the weight-of-evidence is that DINP should not be listed as known to cause cancer, because the tumors observed in rodent studies are not relevant for human hazard assessment. In this Part 1 we explain why it is necessary for the CIC to carefully consider that information, given the many inadequacies of the HID. 
	In materials submitted in February, 2010 (Part 4 of these comments), ExxonMobil noted the complexity of the DINP database and urged OEHHA to provide more than  two weeks for CIC members to review and understand the public comments on OEHHA’s hazard identification document (HID) for DINP. As it turns out, the situation is even more serious than ExxonMobil anticipated. The HID is so severely deficient that it does not provide a sound basis for CIC deliberations with respect to any of the animal tumors that ar
	Examples of the HID deficiencies are discussed below and listed in the following exhibits in terms of their scientific and legal process flaws. 
	Scientific flaws in the HID 
	 
	In general, the HID deficiencies include the following: 
	 Pertinent references are missing from the HID. Many references found in Part 3 but missing from the HID are cited in one or more governmental reviews cited in the HID. Further, many were provided in ExxonMobil’s February 2010 response to the data call-in for DINP. Thus, OEHHA staff had ready access to these references and their relevance cannot seriously be disputed, but OEHHA failed to include them in the HID. For example, the HID fails even to acknowledge highly relevant primate data that show no signs 
	 Pertinent references are missing from the HID. Many references found in Part 3 but missing from the HID are cited in one or more governmental reviews cited in the HID. Further, many were provided in ExxonMobil’s February 2010 response to the data call-in for DINP. Thus, OEHHA staff had ready access to these references and their relevance cannot seriously be disputed, but OEHHA failed to include them in the HID. For example, the HID fails even to acknowledge highly relevant primate data that show no signs 
	 Pertinent references are missing from the HID. Many references found in Part 3 but missing from the HID are cited in one or more governmental reviews cited in the HID. Further, many were provided in ExxonMobil’s February 2010 response to the data call-in for DINP. Thus, OEHHA staff had ready access to these references and their relevance cannot seriously be disputed, but OEHHA failed to include them in the HID. For example, the HID fails even to acknowledge highly relevant primate data that show no signs 


	 
	 The HID contains statements that are demonstrably false or misleading. In some instances, these errors and omissions may reflect misunderstanding of the science by the HID’s authors. In other instances, the errors and omissions are unexplainable, because more complete and accurate discussions of the relevant data were readily available to OEHHA staff in various governmental assessments cited elsewhere in the HID and also were presented in ExxonMobil’s 2010 submission. For example, the HID labels each of t
	 The HID contains statements that are demonstrably false or misleading. In some instances, these errors and omissions may reflect misunderstanding of the science by the HID’s authors. In other instances, the errors and omissions are unexplainable, because more complete and accurate discussions of the relevant data were readily available to OEHHA staff in various governmental assessments cited elsewhere in the HID and also were presented in ExxonMobil’s 2010 submission. For example, the HID labels each of t
	 The HID contains statements that are demonstrably false or misleading. In some instances, these errors and omissions may reflect misunderstanding of the science by the HID’s authors. In other instances, the errors and omissions are unexplainable, because more complete and accurate discussions of the relevant data were readily available to OEHHA staff in various governmental assessments cited elsewhere in the HID and also were presented in ExxonMobil’s 2010 submission. For example, the HID labels each of t


	 
	 Prior governmental assessments of DINP are cited in the HID in a biased and misleading fashion. The HID cites only those portions of the assessments that support a given conclusion, and omit any mention of portions that contradict the opinions presented in the 
	 Prior governmental assessments of DINP are cited in the HID in a biased and misleading fashion. The HID cites only those portions of the assessments that support a given conclusion, and omit any mention of portions that contradict the opinions presented in the 
	 Prior governmental assessments of DINP are cited in the HID in a biased and misleading fashion. The HID cites only those portions of the assessments that support a given conclusion, and omit any mention of portions that contradict the opinions presented in the 


	HID. For example, the HID reports the conclusions of the EPA (2005a;b) with respect to liver tumors and MNCL (judgment reserved), but not as to kidney tumors (not relevant).  
	HID. For example, the HID reports the conclusions of the EPA (2005a;b) with respect to liver tumors and MNCL (judgment reserved), but not as to kidney tumors (not relevant).  
	HID. For example, the HID reports the conclusions of the EPA (2005a;b) with respect to liver tumors and MNCL (judgment reserved), but not as to kidney tumors (not relevant).  


	 
	 The HID misleadingly presents hypotheses and speculation as if they were fact. The confusion of hypothesis with fact is easily recognizable to one familiar with the underlying data. To one unfamiliar with the underlying data, however, these statements could be highly misleading, and give a much distorted impression of the strength of the available scientific evidence on the particular points addressed in the HID. For example, the HID posits that TNFα and/or inhibition of gap-junction intracellular communi
	 The HID misleadingly presents hypotheses and speculation as if they were fact. The confusion of hypothesis with fact is easily recognizable to one familiar with the underlying data. To one unfamiliar with the underlying data, however, these statements could be highly misleading, and give a much distorted impression of the strength of the available scientific evidence on the particular points addressed in the HID. For example, the HID posits that TNFα and/or inhibition of gap-junction intracellular communi
	 The HID misleadingly presents hypotheses and speculation as if they were fact. The confusion of hypothesis with fact is easily recognizable to one familiar with the underlying data. To one unfamiliar with the underlying data, however, these statements could be highly misleading, and give a much distorted impression of the strength of the available scientific evidence on the particular points addressed in the HID. For example, the HID posits that TNFα and/or inhibition of gap-junction intracellular communi


	 
	The foregoing points are illustrated with further examples below in Part 2, and yet further examples are given in the Part 3 section-by-section critique.  
	The CIC is charged with making a weight-of-evidence determination based on consideration of all relevant information.4 The database for DINP is unusually extensive and demands analysis of highly detailed toxicological information. To support the CIC review, the OEHHA document must provide a complete and unbiased presentation of all relevant information, leaving it to the CIC members to determine what weight should be given to each piece of information. The OEHHA document fails entirely to do that. Rather, t
	4  “In evaluating the sufficiency of available data, a ‘weight-of-evidence’ approach shall be used to evaluate the body of information available for any given chemical. The body of evidence shall include all evidence bearing on the issue of carcinogenicity shown through scientifically valid testing according to generally accepted principles.” Guidance Criteria for Identifying Chemicals for Listing as “Known to the State to Cause Cancer,” Principle 1.C (March 2001), [herein “Guidance Criteria”], 
	4  “In evaluating the sufficiency of available data, a ‘weight-of-evidence’ approach shall be used to evaluate the body of information available for any given chemical. The body of evidence shall include all evidence bearing on the issue of carcinogenicity shown through scientifically valid testing according to generally accepted principles.” Guidance Criteria for Identifying Chemicals for Listing as “Known to the State to Cause Cancer,” Principle 1.C (March 2001), [herein “Guidance Criteria”], 
	4  “In evaluating the sufficiency of available data, a ‘weight-of-evidence’ approach shall be used to evaluate the body of information available for any given chemical. The body of evidence shall include all evidence bearing on the issue of carcinogenicity shown through scientifically valid testing according to generally accepted principles.” Guidance Criteria for Identifying Chemicals for Listing as “Known to the State to Cause Cancer,” Principle 1.C (March 2001), [herein “Guidance Criteria”], 
	http://www.oehha.ca.gov/prop65/policy_procedure/pdf_zip/revcriteria.pdf
	http://www.oehha.ca.gov/prop65/policy_procedure/pdf_zip/revcriteria.pdf

	. 


	The HID Executive Summary and Conclusions are particularly flawed. Those sections present one-sided, superficial and misleading recitations of data that might be construed as evidence of potential carcinogenicity, with absolutely no indication of the significant body of evidence that observed tumors have no relevance to humans. These portions of the OEHHA document should be disregarded entirely.  
	The body of the HID is no less biased. This is particularly evident in the selective way that it invokes structure activity relationships, and by the data that is left out entirely. Comparisons to low molecular weight phthalates are drawn when convenient, and ignored when not. Epidemiology studies of fibrate drugs, which are more potent PPARα-agonists than DINP, are not mentioned at all. Nor are primate studies and in vitro studies in human and primate cells using the monoester discussed. OEHHA staff may no
	The discussion of male rat kidney tumors is particularly egregious. The HID ignores entirely the U.S. Environmental Protection Agency (EPA) criteria for determining human relevance, and focuses only on the IARC criteria. The conclusion that the IARC criteria are not met is reached by focusing on only a subset of available studies, and ignoring follow-up studies that closed the gap. All of this was explained in ExxonMobil’s prior comments (Part 4, Section IV.C), and in evaluations of other authoritative bodi
	5  For example, the EPA Technical Review (cited in the HID as USEPA, 2005a) states: “Evidence for alpha-2u-globulin nephropathy was obtained in the retrospective evaluation of archived kidney tissue from the second study. The data obtained in these studies were evaluated against published criteria for evaluating male-specific nephropathy and its relevance to human health. The results of this evaluation indicated that: (1) all three EPA criteria for existence of the alpha-2u-globulin mode of action were met;
	5  For example, the EPA Technical Review (cited in the HID as USEPA, 2005a) states: “Evidence for alpha-2u-globulin nephropathy was obtained in the retrospective evaluation of archived kidney tissue from the second study. The data obtained in these studies were evaluated against published criteria for evaluating male-specific nephropathy and its relevance to human health. The results of this evaluation indicated that: (1) all three EPA criteria for existence of the alpha-2u-globulin mode of action were met;
	6  See CHAP (2000a) pp. 125-130 (Zeise will look at the data and see if the EPA criteria met); CHAP 2000b, pp. 217-219 (after discussion, the Panel unanimously voted to find that the kidney tumors were due to alpha-2u-globulin); CHAP (2000c), p. 248 (“MS. ZEISE: Yeah, for the rat but not, you know, related to alpha-2. And you’re already reached that. For the male rat, right, aren’t we buying the alpha-2? I thought we voted on that. … CHAIRMAN BOGEN: Yes.”). 

	Yet another example of a misunderstanding that can mislead a reader is the discussion of liver cell proliferation as it relates to PPARα induction. Cell proliferation is a rapid response observed only during the liver growth phase. The HID misses this point entirely, and wrongly discounts ExxonMobil data because cell proliferation was seen only at early times in the experiments. But that is exactly what one would expect. Also, when discussing an alternate mechanism of action, OEHHA staff rely on in vitro da
	The discussion of potential estrogenicity is based on an in vitro study using the diester, again ignoring that even the authors (Harris et al., 1997) cautioned that in vitro data using the diester may be misleading. Published in vivo data (Zacharewski et al., 1998) that showed DINP is not estrogenic in intact rodents is not even cited. OEHHA’s suggestion of a possible risk of testicular cancer is based largely on the so-called, hypothetical testicular dysgenesis syndrome (TDS), but the HID fails to disclose
	The HID discussion of MNCL incidence in F-344 rats is equally incomplete and misleading. The HID fails to disclose that NTP has stopped using this rat strain in part because the spontaneous incidence of this finding is so high. And while the HID cites papers suggesting MNCL may have a human counterpart, it does not point out that a weight-of-evidence approach is called for, nor provide a basis for making a weight-of-evidence determination for DINP.  
	Legal process flaws 
	  
	Selective and biased presentation of scientific information is a classic marker for arbitrary and capricious agency conduct. The Supreme Court of California has articulated the need for “agency action that is reasonable, rather than arbitrary, capricious, or lacking evidentiary support.” Cal. Hotel & Motel Ass'n v. Indus. Welfare Comm'n (1979) 25 Cal.3d 200, 211. The U.S. Supreme Court has made clear that to avoid acting in an arbitrary and capricious manner, “[an] agency must examine the relevant data and 
	Under California Government Code § 11518, providing for the form and content of the decision of an administrative agency, “the findings must be sufficient to enable the reviewing court to determine that the agency necessarily found necessary facts to support its determination of the issues.” Kirby v. Alcoholic Beverage Control Appeals Board (1969) 3 Cal.App.3d 209, 218; see also Savelli v. Board of Medical Examiners (1964) 229 Cal.App.2d 124, 134 (same); Aantex Pest Control Co. v. Structural Pest Control Bd
	Wash. Metro. Area Transit Auth., 977 F.2d 1472, 1481 (D.C. Cir. 1992) (quoting Home Box Office v. FCC, 567 F.2d 9, 54-55 (D.C. Cir. 1992)). 
	Further, by failing to present, and instead affirmatively withholding, a large body of relevant evidence that is necessary for the CIC to perform a weight-of-evidence assessment, OEHHA is failing to follow its own rules that require CIC listing recommendations to be based on all relevant information.7 This is another basis for setting a regulatory action (such as a listing decision) aside. “The Accardi doctrine [United States ex rel. Accardi v. Shaughnessy, 347 U.S. 260 (1954)] requires federal agencies to 
	7  See Guidance Criteria, note 3, supra. 
	7  See Guidance Criteria, note 3, supra. 
	8  Any person may bring a Proposition 65 action “in the public interest.” Health & Safety Code §25249.7(d). 
	 

	Further still, the public has a right to “an honest and impartial government.” County of Nevada v. MacMillen, 11 Cal.3d 662, 672 (1974). While this principle is typically espoused with respect to financial matters, it is equally important for administrative processes to promote public health and safety. Proposition 65 is intended to serve the public interest.8 Proposition 65 labeling has the effect of directing manufacturers and consumers away from a chemical that is labeled as causing cancer. If the chemic
	Conclusion 
	 
	Given the many deficiencies in the HID, it is essential that the CIC carefully consider the additional information in the literature, as discussed in the comments. Such a careful consideration should lead the CIC to determine that DINP should not be listed under Prop 65. 
	In the event that the CIC does not believe it can adequately review the extensive database of information on DINP to allow an unbiased weight-of-evidence determination on December 5, then a highly reasonable course of action would be for the CIC to direct OEHHA to rewrite its document in a fair and objective manner, including all relevant information, and provide all relevant papers. A revised document should be made available for public comment, after which the CIC should have at least four weeks to consid
	 
	PART 2  THE WEIGHT-OF-EVIDENCE SHOWS DINP IS NOT A HUMAN CARCINOGEN 
	 
	ExxonMobil strongly believes that, under a rigorous and balanced weight-of-evidence approach, the data demonstrate that DINP does not cause cancer in humans and therefore that the CIC should conclude that DINP should not be listed under Proposition 65. The HID has identified studies where animals developed tumors and were exposed to DINP; however, the HID consistently fails to also recognize the breadth and depth of available scientific literature that exhaustively addresses the lack of human relevance and/
	As detailed below: 
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all IARC criteria for this mechanism are met. Therefore these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all IARC criteria for this mechanism are met. Therefore these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  
	 The kidney tumors are due to the alpha-2u-globulin mechanism. Contrary to the HID, data are available to show that all IARC criteria for this mechanism are met. Therefore these tumors are not relevant to humans and do not support listing DINP as “known to the State to cause cancer.”  

	 MNCL has been observed only in male F-344 rats – a finding in this strain so frequent in both controls and treated animals that NTP has discontinued use of the strain, and multiple expert bodies have questioned its relevance to humans. Thus, these tumors are not relevant to humans and do not support listing of DINP as “known to the State to cause cancer.” 
	 MNCL has been observed only in male F-344 rats – a finding in this strain so frequent in both controls and treated animals that NTP has discontinued use of the strain, and multiple expert bodies have questioned its relevance to humans. Thus, these tumors are not relevant to humans and do not support listing of DINP as “known to the State to cause cancer.” 

	 The testicular and uterine tumors were not statistically significant and were seen only in a single study of a form of DINP that was never commercially developed (Bio/dynamics, 1986). The pancreatic tumors also were not statistically significant and were seen only in male rats in that same study of a non-commercial product and in female mice in Moore (1986b). The incidence of these three tumor types in each case was within historical control levels, and none of these tumors was replicated in the other stu
	 The testicular and uterine tumors were not statistically significant and were seen only in a single study of a form of DINP that was never commercially developed (Bio/dynamics, 1986). The pancreatic tumors also were not statistically significant and were seen only in male rats in that same study of a non-commercial product and in female mice in Moore (1986b). The incidence of these three tumor types in each case was within historical control levels, and none of these tumors was replicated in the other stu

	 With respect to the liver tumors, there is a very large database concerning PPARα. A strong scientific consensus that liver tumors produced by PPARα were not relevant to humans has been developed in the scientific community. Some recent papers have called this conclusion into question. Understanding of these newer data and why they do not reverse the conclusion that liver tumors due to PPARα are not relevant to humans requires a deep dive into highly-specialized toxicology not provided by the HID. These c
	 With respect to the liver tumors, there is a very large database concerning PPARα. A strong scientific consensus that liver tumors produced by PPARα were not relevant to humans has been developed in the scientific community. Some recent papers have called this conclusion into question. Understanding of these newer data and why they do not reverse the conclusion that liver tumors due to PPARα are not relevant to humans requires a deep dive into highly-specialized toxicology not provided by the HID. These c


	 We provide in this section an overview of the carcinogenicity data for DINP. Greater detail is provided in Part 3, which is arranged to allow side-by-side review with the HID, and in Part 4, which is a copy of our 2010 submission to OEHHA. For the reasons herein, ExxonMobil strongly believes that the data do not support listing of DINP as “known to the State to cause cancer.” 
	Note that in many cases internet links to references are provided in the reference section. If the CIC wishes to review any other specific studies, ExxonMobil would be pleased to provide copies. 
	I. THE KIDNEY TUMORS OBSERVED IN MALE RODENTS ARE NOT RELEVANT TO HUMAN CANCER HAZARD ASSESSMENT 
	Kidney tumors have been observed in males rats chronically exposed to high doses of DINP, but not in female rats and not in mice of either gender (Moore 1998a; Moore 1998b). As acknowledged by various authoritative bodies, these tumors meet both the EPA criteria and the IARC criteria for the alpha-2u-globulin mechanism and therefore are not relevant to human hazard assessment. 
	The HID (p. 61) states that the data for DINP do not meet all of the IARC criteria. But the HID ignores the data of Schoonhoven et al. (2001) which were developed specifically to address the IARC criteria that were not already addressed by Caldwell et al. (1999) and Moore (1998a). Including consideration of the Schoonhoven et al. results, the IARC criteria clearly are met. Further, the HID does not discuss the EPA criteria, which the DINP data also clearly meet, even without the Schoonhoven data. The IARC a
	Reviews by various authoritative bodies agree that the kidney tumors in the rat DINP study are due to the alpha-2u-globulin mechanism and therefore not relevant for human hazard assessment. Quotes to this effect by the 2001 CHAP9 and the 2003 European Union (EU) risk assessment are given in Part 4, Section IV.C.3, and Attachment E to Part 4 is a statement by Dr. James Swenberg, a leading expert in the alpha-2u-globulin mechanism, to this effect. More recently, the reviews of European Chemical Agency (ECHA) 
	9  DINP currently is being evaluated, along with other phthalates, by a new CHAP. The report of that CHAP is not yet available, but at its first meeting the CHAP set aside cancer as not a relevant endpoint. 
	9  DINP currently is being evaluated, along with other phthalates, by a new CHAP. The report of that CHAP is not yet available, but at its first meeting the CHAP set aside cancer as not a relevant endpoint. 

	These evaluations and the highly dubious value of these kidney tumors for human health hazard assessment lead to the conclusion that the kidney tumors should be disregarded for purposes of evaluating whether DINP should be listed under Proposition 65.  
	II. MNCL OBSERVED IN F-344 RATS IS NOT RELEVANT TO HUMAN CANCER HAZARD ASSESSMENT 
	MNCL occurs frequently and spontaneously in the F-344 rat, which is in part the reason the NTP discontinued use of the F-344 rat in its studies (King-Herbert & Thayer, 2006; NTP BSC, 2007, p. 31). Multiple expert bodies have considered MNCL in F-344 rats and come to question its relevance to humans generally and in the case of DINP specifically. See Part 3, Section III.B.4. In fact, as related in Attachment D to Part 3, the National Institutes of Health (NIH) rejected a proposal by Dr. Richard Irons, a pre-
	 The HID points to studies which have suggested that MNCL may be similar to human NK-LGL leukemia. While a couple of these papers are recent, the suggestion is not new (e.g., Stromberg et al., 1985). Therefore it is not a development that invalidates the many evaluations which have found that the relevance of MNCL for human hazard assessment is at best questionable. Further, as shown in Part 3, Section III.B.4, a weight-of-evidence evaluation using the considerations proposed by Thomas et al. (2007) demonst
	The prior evaluations and the dubious value of MNCL for human risk assessment lead to the conclusion that the MNCL observed in the DINP rat studies should be disregarded for purposes of evaluating whether DINP should be listed under Proposition 65. 
	III. CANCERS OBSERVED IN A SINGLE STUDY OF NON-COMMERCIAL DINP ARE NOT STATISTICALLY SIGNIFICANT  
	In yet another example of biased and misleading statements, the HID lists pancreatic islet cell tumors, testicular interstitial (Leydig) cell carcinomas, and endometrial adenocarcinomas as tumor findings for DINP. None of these observations were statistically significant. The testicular and uterine tumor types were observed only in a single study of SD rats (Bio/dynamics, 1986), and were within the historical control range. These tumor types were not elevated in F-344 rats of either sex or in mice of either
	For these reasons, and those given in Part 3, Section III.B., the pancreatic, testicular and uterine tumors should be strongly discounted by the CIC for purposes of evaluating whether DINP should be listed under Proposition 65. 
	IV. WEIGHT-OF-EVIDENCE IS THAT LIVER TUMORS OBSERVED IN DINP BIOASSAYS ARE NOT RELEVANT FOR HUMAN HAZARD ASSESSMENT  
	The foregoing indicates why the CIC may set aside kidney tumors, MNCL, and the three tumor types seen in the Bio/dynamics (1986) study. The CIC can focus on the issue of the liver tumors observed in rodents treated with high doses of DINP. For the reasons listed below and more completely discussed in Parts 3 and 4 of these comments, ExxonMobil believes the weight-of-evidence clearly shows that the DINP-related rodent liver tumors are due to the PPARα mode of action (MOA), and that the PPARα MOA is not relev
	As indicated in Part 3, Section V and Part 4, Section IV.A, the database relating to the PPARα MOA and alternative MOAs is extensive and complex. Further, the HID contains a number of statements regarding the data that are incorrect, misleading, or purely speculative.  
	The following provides an overview of some of the key points to be considered. For the reasons given below and in Part 3, Section V and Part 4, Section IV.A, the weight-of-evidence is that the liver tumors observed in rodents are not relevant for purposes of determining whether DINP should be listed under Proposition 65. 
	A. DINP is not genotoxic 
	In a battery of in vivo and in vitro tests, DINP has been negative for mutagenic or genotoxic effects. The tests include in vivo mutagenicity tests, with and without activation, in vitro and in vivo chromosomal damage tests, and an in vitro unscheduled DNA synthesis assay. All available evidence supports a conclusion that DINP is not mutagenic or genotoxic. See Part 3, Section V.A and Part 4, Section III. 
	Note that while the HID (p. 46) erroneously states, “DINP has not been evaluated for induction of DNA damage,” DINP in fact has been evaluated for DNA damage by these various tests, and no damage has been reported.  
	B. DINP is a peroxisome proliferator under both IARC and ILSI criteria 
	DINP meets the consensus criteria of the International Life Sciences Institute (ILSI) for determining whether rodent liver tumors are the consequence of a peroxisomal process (Cattley et al. (1998), by demonstrating hepatomegaly, peroxisome proliferation, and cell proliferation (see Part 3, Section V.G and Part 4, Section IV.A). The HID (p. 56) casts doubt on whether the rodent liver tumors are caused by peroxisome proliferation because of “lack of sustained long-term hepatocellular proliferation in DINP-ex
	10  “All PPARα activators in a dose-dependent manner produce an increase, albeit transient, in replicative DNA synthesis during the first few days or weeks of exposure…After this initial burst in replication, baseline levels of hepatocyte replication are approached while the liver remains enlarged…” (Corton et al., 2013, p.12).  
	10  “All PPARα activators in a dose-dependent manner produce an increase, albeit transient, in replicative DNA synthesis during the first few days or weeks of exposure…After this initial burst in replication, baseline levels of hepatocyte replication are approached while the liver remains enlarged…” (Corton et al., 2013, p.12).  

	DINP likewise meets the IARC criteria for determining that rodent liver tumors are not relevant to humans (IARC, 1995). Again, peroxisome and hepatocellular proliferation have been demonstrated for DINP. Further, there is evidence that peroxisome proliferation effects from DINP do not occur in “adequately designed and conducted investigation of human groups or systems.” (IARC, 1995, Section 1.6). This comes from non-human primate data, showing no peroxisome proliferation in marmosets receiving up to 2500 mg
	The third IARC criterion is that other mechanisms of carcinogenesis be excluded. This normally involves consideration of whether there is genotoxicity, indicating potential direct cell damage, or cytotoxicity indicating repeated injury that potentially could lead to tumor induction. As discussed above, DINP is not genotoxic. Nor is there evidence from pathological investigations that it causes adverse liver effects other than those that would be associated with PPARα induction. Further, studies indicate the
	C.  PPARα MOA is not relevant to humans 
	While some recent papers have questioned whether the PPARα MOA in rodents could also occur in humans, the overwhelming weight-of-evidence is that it does not. A workshop of government, academic and industry experts was convened in 2010 to review the data pertaining to the PPARα MOA. The majority of experts concluded that it is not relevant to humans and the remaining experts opined it was unlikely to be relevant to humans (Corton et al., 2013).  
	This conclusion is strongly supported by the non-human primate data and the human and non-human primate in vitro hepatocellular studies. Further, while there is no epidemiological study on DINP, there are a number of clinical and population-control studies of fibrate drugs, which are much more potent PPARα-agonists than DINP. Those studies show no evidence of a carcinogenic effect in humans (e.g., Frick et al., 1997; Huttunen et al., 1994; Committee of Principal Investigators, 1978; 1980; 1984). 
	Various expert bodies have likewise concluded that liver tumors resulting from the PPARα mode of action are not relevant for human hazard assessment, including IARC (1995) and ILSI (Klaunig et al., 2003).  
	D. Other proposed mechanisms do not change the conclusion that the PPARα MOA is necessary for induction of rodent liver tumors by DINP, and that the PPARα MOA is not operative in humans 
	The HID presents several theories that have been advanced in recent years about potential mechanisms for the liver tumors observed in rodents treated with peroxisome proliferators such as DEHP and DINP. A closer look reveals that all these arguments are red herrings. Even if other mechanisms potentially contribute to formation of liver tumors in rodents, that does not negate the findings that PPARα activation is necessary even if not sufficient to produce liver tumors in rodents (Corton et al., 2013; Bachma
	1. PPARγ activation 
	The HID (pp. 56-57) suggests that PPARγ activation by the DINP metabolite monoisononyl phthalate (MINP) could be an alternative mechanism for the rodent liver tumors. As discussed by Peters et al. (2012), PPARγ agonists can induce terminal differentiation, inhibit cell proliferation, promote apoptosis and inhibit innate inflammation in many cancer models. Accordingly, they are more likely to inhibit cancer induction than promote it. Further, the HID presents the information in a selective and misleading way
	2. Activation of CAR and PXR 
	The HID statement (p. 5) that DINP (or, rather, the metabolite MINP) can activate human CAR and PXR is true but misleading. Such observations were based on in vitro test systems at non-physiological doses (DeKeyser et al., 2009, 2011). Further, there is no compelling evidence that activation of these receptors has any relevance to human cancer. In fact, OEHHA acknowledges this. The HID states on page 57 that “It is not known whether the ability of DINP to activate CAR and PXR and the resulting increase in e
	3. Effects on steroidogenesis and androgen-responsive tissues 
	The discussion of steroidogenesis and androgen-responsive tissues is particularly slanted and misleading in its presentation of the data and speculation of the significance. It implies that DINP causes “testicular dysgenesis syndrome” (TDS). The discussion of TDS is presented as if it were a recognized syndrome rather than the hypothesis that it is. Further, there are no data for DINP which fit with all the listed elements of the TDS hypothesis.11 Accordingly, even if there were a testicular dysgenesis synd
	11  The HID (p. 41) lists the elements of TDS as testicular germ cell cancer, cryptorchidism, hypospadias, and low sperm count. DINP has not been shown to cause significant increases in Leydig cell tumors (hypothesized as the rodent equivalent of human testicular germ cell cancer), cryptorchidism or hypospadias or low sperm count.   
	11  The HID (p. 41) lists the elements of TDS as testicular germ cell cancer, cryptorchidism, hypospadias, and low sperm count. DINP has not been shown to cause significant increases in Leydig cell tumors (hypothesized as the rodent equivalent of human testicular germ cell cancer), cryptorchidism or hypospadias or low sperm count.   

	 While some antiandrogen-type effects have been observed in some studies with high doses of DINP, the effects are transient and do not lead to more profound effects – there have been no consistent reports of permanent changes in testicular structure or function. Further, 
	recent research using human fetal testes explants demonstrates that human testis tissue is refractory to reduction of testosterone synthesis following exposure to phthalates either in vitro or transplanted in rodent hosts, giving a strong indication that a phthalate-associated anti-androgenic is a rat-specific effect without human relevance (Mitchell et al., 2012; Heger et al., 2012).  
	4. Tumor necrosis factor-α (TNF-α) induction and Gap Junction Intercellular Communication (GJIC) 
	In its conclusions, the HID lists stimulation of “TNFα production in a human promonocyte cell line and suppressed phagocytosis” and inhibition of “hepatic GJIC in rats and mice” as if these were separate and distinct mechanisms of carcinogenicity from that of the PPARα MOA. To the contrary, both TNFα production and inhibition of GJIC are consequences of PPARα agonism and are considered to be modulating factors in the PPARα mode of action (Corton et al., 2013). We agree that TNFα induction and GJIC inhibitio
	5. Yang et al. (2007) and Ito et al. (2007)  
	The HID (p. 52) postulates that the study of Yang et al. (2007) indicates that activation of PPARα is not sufficient to induce liver tumors in rodents. However, while it is possible that PPARα is not sufficient, it is a necessary, key step in the induction of liver tumors (Bachman et al., 2011; Corton et al., 2013); therefore this study does not negate the conclusion that the rodent tumors were a consequence of the PPARα mechanism.  
	The HID (p. 52) also postulates that the results from Ito et al. (2007) indicate that PPARα agonists may induce liver tumors via an independent mechanism. Ito et al. (2007) observed liver tumors in PPARα-null mice fed with DEHP. As detailed in Part 3, Section V.B., there are a number of reliability issues with the Ito et al. study, and its results are not at all sufficient to challenge the widely accepted conclusion that liver tumors in rodents from a PPARα agonist are not relevant to humans. Among other th
	12  As pointed out in Corton et al 2013, “the absence of PPARa expression leads to enhanced hepatic lipid accumulation and inflammation (two known risk factors for hepatocarcinogenesis) that could result in liver cancer through mechanisms entirely different than those observed with chronic activation of PPARa by exogenous ligands” and there are no known loss of function mutations in humans which might make the phenotype in PPARα-null mouse models of relevance to humans. 
	12  As pointed out in Corton et al 2013, “the absence of PPARa expression leads to enhanced hepatic lipid accumulation and inflammation (two known risk factors for hepatocarcinogenesis) that could result in liver cancer through mechanisms entirely different than those observed with chronic activation of PPARa by exogenous ligands” and there are no known loss of function mutations in humans which might make the phenotype in PPARα-null mouse models of relevance to humans. 

	CONCLUSION 
	For the reasons summarized above, and explained in great detail in Parts 3 and 4, the weight-of-evidence is that none of the tumors observed in rodents treated with DINP 
	are relevant for human health hazard assessment and that DINP therefore should not be listed under Proposition 65 as “known to the State to cause cancer.” 
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	PART 3  TECHNICAL SECTION-BY-SECTION CRITIQUE OF THE HID 
	 
	The following provides detailed technical comments on the HID. It is formatted so that the CIC may easily compare a given section of the HID with the comments on that section, and thereby gain a more complete understanding of the science informing the given issue.  
	 
	 
	I. HID SECTION 1 -- EXECUTIVE SUMMARY 
	As a prefatory comment, the Executive Summary does not present a summary of the total weight of the evidence. Rather, the Executive Summary appears to be a listing of principal evidence that OEHHA believes might support a decision to list. The following paragraphs address specific errors, in the HID but do not attempt to correct for the overall imbalance of the executive summary. 
	A. Animal Carcinogenicity 
	The HID statement “The following malignant tumors considered either rare or uncommon in the tissue and species of origin were observed in DINP-treated animals: renal transitional cell carcinoma, renal tubular cell carcinoma, pancreatic acinar cell carcinoma, testicular interstitial (Leydig) cell carcinoma, and uterine adenocarcinoma” is an over-generalization and a misleading over-simplification. As discussed in more detail in the comments on HID Section 3, none of these tumors were found in all of the spec
	 
	B. Mechanism and Other Relevant Data  
	As discussed in more detail in the comments for section 4.1, the genetic toxicity studies conducted were more than sufficient to demonstrate that DINP does not cause direct genotoxic effects. This bears pointing out because indirect DNA damage is an element of the PPARα mechanism. 
	  
	To be accurate, there were 7 cell transformation assays, not 8. 
	 
	As described in more detail in our comments on sections 4.2 and 4.3, we agree that DINP (or more precisely the metabolite form monoisononyl phthalate, MINP) is an agonist for the PPARα receptor (which is consistent with our belief that the liver tumors in rats and mice were a 
	consequence of a process induced by PPARα, which is operative in rats and mice but not in humans). See Section IV.A of the 2010 comments. 
	 
	We also agree that under in vitro conditions MINP is a PPARγ agonist, but we do not agree that PPARγ agonism is a carcinogenic mechanism. The most recent evidence (Peters et al., 2012) indicates that PPARγ agonism is more likely tumor-protective than tumor-causing. It should also be noted that the lowest concentration at which hPPARγ agonism could be demonstrated was 30µM. Based on exposure estimates calculated from the urinary metabolite data, human serum levels would be in the low nM range, calling into q
	 
	With respect to the evidence for CAR and PXR binding, whatever else is true, as indicated in the HID, this information is of unknown significance (page 57).  
	 
	The HID statement, “In humans, early life disturbances of testosterone production induce testicular dysgenesis syndrome (TDS) which is associated with germ cell cancer.,” is a hypothesis, not a fact as one might believe from the way in which it is stated. Further, with respect to the effects which are hypothesized to be associated with TDS, cryptorchidism, hypospadias, interstitial cell tumors or significant reductions in sperm count, we note that there are no reports of significant elevations of cryptorchi
	  
	Tumor necrosis factor α and inhibition of gap junction intercellular communication are modulating factors which are the consequence of PPARα activation and consistent with the PPARα mode of action and not independent carcinogenic mechanisms as suggested by the way in which they are presented in the HID (p. 59). 
	 
	II. HID SECTION 2. – INTRODUCTION 
	A. HID Section 2.2.3 -- Exposure and Biomonitoring  
	The information in this section is presented in a selective and misleading manner. It is true that a number of urinary metabolite studies have been conducted and that the data from these studies provide evidence of widespread exposure to DINP. However, what is not stated is that calculations that convert the urinary levels to external exposures show that mean exposures in the US population are in the range of only 1-2 micrograms per kilogram per day (ug/kg/day) (Kransler et al., 2012). The data also show th
	 
	The final sentence of this section cites Hines et al. (2011) regarding occupational DINP exposure, but Hines did not measure exposure to DINP. It should also be noted that studies of DEHP metabolites in serum within the US population have been reported to range from 2.8 to 15.2 ng/ml with a geometric mean of 3.9 ng/ml (approximately 14nM) (Kato et al. 2004). As exposures to DINP are similar to or lower than those of DEHP, it would be reasonable to assume that in the US, serum levels of DINP metabolites woul
	 
	III. HID SECTION 3 -- DATA ON CARCINOGENICITY 
	A. HID section 3.2 – Carcinogenicity Studies in Animals 
	1. Section 3.2.1 – Studies in Rats 
	a. Pancreatic Tumors 
	The frequency of pancreatic islet cell tumors in the study of male SD rats was not significantly different from the concurrent controls and fell within the historical control range for tumors of this type. More specifically, the HID identifies an increase over control of pancreatic islet cell carcinoma (4/70 [5.7%] in high dose males vs. 1/70 [1.4%] in controls) in male SD rats. It is claimed in the HID that this tumor is rare as 1/1340 were observed in a separate study by Chandra et al., (1992) in a differ
	 
	The HID identifies two (of 70) high dose female B6C3F1 mice as having pancreatic islet cell carcinomas compared to none in the control group – also not statistically significant. The NTP had previously identified a historical control range of 0 – 2 % for this tumor type (Haseman et al., 1998). However, in a more recent report (NTP, 2005), the average incidence is given as 1.4 + 2.3% (range = 0% - 4%). Thus, the incidence for this pancreatic islet cell carcinogenicity in the Moore study (2.8%) is not unusual
	 
	b. Testicular Tumors 
	The HID noted that there were 7/60 testicular cell carcinomas in SD rats but that the increased incidence in testicular tumors was not significantly different from control. The HID then incorrectly states “…the percent tumor incidence was outside the range of historical controls (9.8% vs. treated, 11.67%).” In the laboratory report, the historical control incidence range was reported as 3.4% (4/116) at the low end of the range and 23.5% (27/115) at the high end of the range. The combined incidence for histo
	 
	The HID cites a publication by Chandra et al. (1992) to suggest that testicular interstitial carcinomas are uncommon in SD rats. However, the report by Chandra et al. is a summary of the historical experience at one laboratory and not the best comparison for the study in question. For comparative purposes, the most useful historical control data are those from the laboratory that conducted the test (as shown above, 3.4% – 23.5%). Additionally, a more thorough review of the literature would have provided a b
	 
	c. Uterine Tumors 
	The HID identifies a non-significant increase in endometrial adenocarcinomas (2/69 [2.9%] in high dose females vs. 0/70 in concurrent controls) in female SD rats. It should be noted that this increase was not statistically significant, and no attention was drawn to this tumor type by the study pathologist. The HID cites reports by Chandra et al. (1992) and Anisimov and Nikinov, (1990) as indicating this tumor is rare. However, additional information on the occurrence of this tumor in female SD rats is avail
	Further, it should be noted that there was no evidence of endometrial carcinoma in female F-344 rats in two studies (Lington et al., 1997; Moore et al., 1998a) or in female B6C3F1 mice (Moore et al., 1998b). To put these data into perspective, it should be clearly stated that the non-significant increase was observed in one sex of one strain of one species and that the incidence reported fits within the historical control range reported in the literature and was not replicated in other studies. 
	 
	d. Mononuclear Cell Leukemia (MNCL) 
	The report fails to place the identified evidence regarding MNCL into the context of the: 
	 
	1. the high background incidence of MNCL in F-344 rats; 
	1. the high background incidence of MNCL in F-344 rats; 
	1. the high background incidence of MNCL in F-344 rats; 

	2. absence of changes in MNCL incidence in a different strain of rats (SD) or in mice;  
	2. absence of changes in MNCL incidence in a different strain of rats (SD) or in mice;  

	3. complexity of factors known to influence MNCL incidence that calls into question the human relevance of this tumor type; and 
	3. complexity of factors known to influence MNCL incidence that calls into question the human relevance of this tumor type; and 

	4. expert opinions questioning the relevance MNCL in the F-344 rat to humans, as demonstrated by NTP’s decision to discontinue use of this rat strain for its studies. 
	4. expert opinions questioning the relevance MNCL in the F-344 rat to humans, as demonstrated by NTP’s decision to discontinue use of this rat strain for its studies. 


	 
	Based on the historical incidence from the NTP, the estimated incidence of MNCL in control groups is 50.5% (ranging from 32 – 74% in feeding studies) in male F-344 rats and 28.1% (ranging from 14 – 52% in feeding studies) in female F-344 rats based on National Toxicology Program data (Haseman et al., 1998). As demonstrated in Table 1 below, the incidence of MNCL in DINP-exposed F-344 rats is not substantially different from the control incidence range reported by NTP.  
	 
	Table 1: Incidence of MNCL from Haseman et al (1998), Lington et al (1997), and Moore et al (1998a) 
	Table
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	Span
	 

	TD
	Span
	Range of MNCL in controls  
	for NTP feeding studies (Haseman) 

	TD
	Span
	Highest incidence of MNCL  

	Span

	TR
	TD
	Span
	 

	TD
	Span
	Lington 

	TD
	Span
	Moore 

	Span

	Male 
	Male 
	Male 

	32 – 74% 
	32 – 74% 

	63.8% (51/80 rats) 
	63.8% (51/80 rats) 

	49.2% (32/65 rats) 
	49.2% (32/65 rats) 

	Span

	Female 
	Female 
	Female 

	14 – 52% 
	14 – 52% 

	53.8% (43/80 rats) 
	53.8% (43/80 rats) 

	46.2% (30/65 rats) 
	46.2% (30/65 rats) 

	Span


	 
	Chronic dietary DINP exposure did not induce leukemias or alterations in leukocyte counts in SD rats (Bio/dynamics 1986). Similarly, chronic dietary DINP exposure of male and female mice had no treatment related changes in neoplastic lesions of the spleen, hematopoietic system, thymus, or lymphatic system (Moore et al, 1998b). This information on other strains and species provides supporting evidence that the changes in MNCL frequency are specific to the F-344 rat.  
	 
	Many factors other than chemical treatment have been identified that influence incidence of MNCL in F-344 rats. The strongest influence appears to be genetics, as observed in the striking differences in MNCL incidence when comparing historical control incidence of the F-344 rat to other rat strains and mice. Additionally, corn oil exposure can reduce incidence of MNCL (Haseman et al., 1985) as can group housing (Haseman et al., 1998). Cumulatively, the evidence indicates a complex mechanism for MNCL develop
	potential for confounding variables to influence study outcomes, the importance of confirming and refuting observations (i.e., weight-of-evidence as presented in Table 2 below based on considerations identified by Thomas et al., 2007) becomes all the more important to understand the human relevance of a particular effect. 
	 
	The HID fails to disclose that multiple expert bodies have considered MNCL in F-344 rats and come to question its relevance to humans generally and in the case of DINP specifically. As the doubtful relevance of this finding to humans has been known for decades, these statements go back in time and continue right up to the present. In particular it should be noted that the statements by the National Research Council (2010) and the Consumer Product Safety Commission (2010) were made after the Thomas paper was
	 
	 “The relatively high and variable spontaneous incidence of mononuclear cell leukemia in aged F-344 rats confounds the interpretation of this tumor type in dosed animals as evidence of a carcinogenic response. That is, statistical evidence of an increased occurrence of mononuclear cell leukemia in dosed animals as an indication of carcinogenicity may appropriately be regarded with less confidence than would similar incidence data for other tumor types in the F-344 rat.” (NTP 1984). 
	 “The relatively high and variable spontaneous incidence of mononuclear cell leukemia in aged F-344 rats confounds the interpretation of this tumor type in dosed animals as evidence of a carcinogenic response. That is, statistical evidence of an increased occurrence of mononuclear cell leukemia in dosed animals as an indication of carcinogenicity may appropriately be regarded with less confidence than would similar incidence data for other tumor types in the F-344 rat.” (NTP 1984). 
	 “The relatively high and variable spontaneous incidence of mononuclear cell leukemia in aged F-344 rats confounds the interpretation of this tumor type in dosed animals as evidence of a carcinogenic response. That is, statistical evidence of an increased occurrence of mononuclear cell leukemia in dosed animals as an indication of carcinogenicity may appropriately be regarded with less confidence than would similar incidence data for other tumor types in the F-344 rat.” (NTP 1984). 

	 United Kingdom Health and Safety Executive did not consider an excess of MNCL as evidence for a carcinogenic response even though the frequency exceeded the historical averages of both the NTP and the testing laboratory. (UK EA, 2004). 
	 United Kingdom Health and Safety Executive did not consider an excess of MNCL as evidence for a carcinogenic response even though the frequency exceeded the historical averages of both the NTP and the testing laboratory. (UK EA, 2004). 

	 National Research Council has stated, “It is unclear whether [MNCL] is a relevant predictor of human leukemias or other adverse health effects.” (NRC 2010). 
	 National Research Council has stated, “It is unclear whether [MNCL] is a relevant predictor of human leukemias or other adverse health effects.” (NRC 2010). 

	 The United States Consumer Product Safety Commission’s statements (2010) that: 
	 The United States Consumer Product Safety Commission’s statements (2010) that: 

	o “[Due to high background rate in the F-344 and no hematopoetic neoplasms were found in Sprague- Dawley CD rats treated with DINP-A or in mice treated with DINP-1] MNCL will not be used to predict cancer risk in humans.” 
	o “[Due to high background rate in the F-344 and no hematopoetic neoplasms were found in Sprague- Dawley CD rats treated with DINP-A or in mice treated with DINP-1] MNCL will not be used to predict cancer risk in humans.” 
	o “[Due to high background rate in the F-344 and no hematopoetic neoplasms were found in Sprague- Dawley CD rats treated with DINP-A or in mice treated with DINP-1] MNCL will not be used to predict cancer risk in humans.” 

	o “The MNCL is a neoplasm with a high spontaneous rate in Fischer 344 rats that is considered of questionable relevance to humans. (Babich 2004; CPSC 2001). Therefore, the CPSC staff regards DINP to be possibly carcinogenic in humans (rather than probably or known to be), based on limited evidence of carcinogenicity in experimental animals, as defined under the FHSA and implementing regulations. (CPSC 1992). The finding that DINP is possibly carcinogenic means that the CPSC staff will not consider carcinoge
	o “The MNCL is a neoplasm with a high spontaneous rate in Fischer 344 rats that is considered of questionable relevance to humans. (Babich 2004; CPSC 2001). Therefore, the CPSC staff regards DINP to be possibly carcinogenic in humans (rather than probably or known to be), based on limited evidence of carcinogenicity in experimental animals, as defined under the FHSA and implementing regulations. (CPSC 1992). The finding that DINP is possibly carcinogenic means that the CPSC staff will not consider carcinoge


	  The Australian National Industrial Chemicals Notification and Assessment Scheme (NICNAS, 2012) concluded "MCL [Mononuclear cell leukemia] is a common neoplasm in Fischer 344 rats with no comparable tumour type in humans and its increased incidence after chronic exposure to some substances is considered to be a strain-specific effect (Caldwell DJ, 1999b*). Therefore, MCL observed in Fischer 344 rats is not regarded as relevant to humans."  
	  The Australian National Industrial Chemicals Notification and Assessment Scheme (NICNAS, 2012) concluded "MCL [Mononuclear cell leukemia] is a common neoplasm in Fischer 344 rats with no comparable tumour type in humans and its increased incidence after chronic exposure to some substances is considered to be a strain-specific effect (Caldwell DJ, 1999b*). Therefore, MCL observed in Fischer 344 rats is not regarded as relevant to humans."  


	 
	Additionally, information submitted with our 2010 materials from Dr. Richard Irons, indicates his research proposal for MNCL was rejected by NIH (who uses expert peer-review panels in evaluating grant applications) because of the “obvious lack of significance of MNCL to human disease.” (Part 4, Attachment E) 
	 
	Given that the incidence of MNCL in DINP-exposed F-344 rats is similar to the historical control range, that MNCL was not found in SD rats, there was no treatment-related effect on incidence of leukemia in B6C3F1 mice, MNCL is a complex phenomenon with a high potential for confounding, and questionable as to relevance based on reviews by external experts, it appears unlikely the reported neoplastic effects are either exposure related or relevant to humans. 
	 
	Table 2: Weight-of-evidence Analysis for MNCL Incidence as a Treatment-Related Effect, Based on Thomas et al 2007 Considerations 
	Table
	TR
	TD
	Span
	Consideration 

	TD
	Span
	For Relevance 

	TD
	Span
	Against Relevance 

	Span

	Biologically plausible reason for tumor induction / increased incidence 
	Biologically plausible reason for tumor induction / increased incidence 
	Biologically plausible reason for tumor induction / increased incidence 

	- 
	- 

	DINP-induced rodent tumors (liver via PPARα or kidney via a α2u-globulin MOA) are not associated with a leukemogenic effects in humans. 
	DINP-induced rodent tumors (liver via PPARα or kidney via a α2u-globulin MOA) are not associated with a leukemogenic effects in humans. 

	Span

	Nature of the dose response in terms of incidence and/or severity 
	Nature of the dose response in terms of incidence and/or severity 
	Nature of the dose response in terms of incidence and/or severity 

	Lington results indicate increased MNCL incidence and mid- and high-dose, but not significantly different between each other Moore data indicate similar incidence of MNCL at low- and mid-dose, increased at high dose for males and similarly increased at all doses in females 
	Lington results indicate increased MNCL incidence and mid- and high-dose, but not significantly different between each other Moore data indicate similar incidence of MNCL at low- and mid-dose, increased at high dose for males and similarly increased at all doses in females 

	Dose response data indicate no or minor change from next dose (i.e., the dose response is shallow). Such dose response data argues against a true treatment-related effect. 
	Dose response data indicate no or minor change from next dose (i.e., the dose response is shallow). Such dose response data argues against a true treatment-related effect. 

	Span

	Appropriate historical control data 
	Appropriate historical control data 
	Appropriate historical control data 

	 - 
	 - 

	Highest incidence is equivalent to average historical control in males Highest incidence is near average historical control in females (higher than mean historical control data, but is within range) 
	Highest incidence is equivalent to average historical control in males Highest incidence is near average historical control in females (higher than mean historical control data, but is within range) 

	Span

	Reduction in latency time?  
	Reduction in latency time?  
	Reduction in latency time?  

	Moore report indicates "In unscheduled deaths, [MNCL] was the most common cause of death in all groups, but was observed with greater frequency in unscheduled deaths of animals of both genders in Groups 4, 5, and 6." 
	Moore report indicates "In unscheduled deaths, [MNCL] was the most common cause of death in all groups, but was observed with greater frequency in unscheduled deaths of animals of both genders in Groups 4, 5, and 6." 

	Lington reports "DINP did not show a profound effect on tumor latency regarding MNCL, which is another consideration in evaluating tumors with a high and variable spontaneous rate in aged animals." 
	Lington reports "DINP did not show a profound effect on tumor latency regarding MNCL, which is another consideration in evaluating tumors with a high and variable spontaneous rate in aged animals." 

	Span

	Reproducibility (strain or species)? 
	Reproducibility (strain or species)? 
	Reproducibility (strain or species)? 

	 - 
	 - 

	Not observed in Sprague-Dawley rats or B6C3F1 mice 
	Not observed in Sprague-Dawley rats or B6C3F1 mice 

	Span

	Single sex effect? 
	Single sex effect? 
	Single sex effect? 

	Increased incidence in both sexes 
	Increased incidence in both sexes 

	 - 
	 - 

	Span

	Comparative species metabolism?  
	Comparative species metabolism?  
	Comparative species metabolism?  

	 - 
	 - 

	Metabolism of DINP expected to be similar in rats and mice 
	Metabolism of DINP expected to be similar in rats and mice 

	Span

	Genotoxicity? 
	Genotoxicity? 
	Genotoxicity? 

	 - 
	 - 

	DINP is not genotoxic 
	DINP is not genotoxic 

	Span

	Cytotoxicity? 
	Cytotoxicity? 
	Cytotoxicity? 

	 - 
	 - 

	DINP is not cytotoxic 
	DINP is not cytotoxic 

	Span

	Any other relevant information 
	Any other relevant information 
	Any other relevant information 

	 - 
	 - 

	No treatment-related effects reported for lymphoid organs or leukocyte counts in Sprague-Dawley or B6C3F1 
	No treatment-related effects reported for lymphoid organs or leukocyte counts in Sprague-Dawley or B6C3F1 

	Span


	 
	  
	IV. HID SECTION 3.3 – OTHER RELEVANT DATA 
	The report provides conflicting information regarding the number of times DINP has been tested in cell transformation assays:  
	 
	 Page 32 – Lists eight tests of DINP 
	 Page 32 – Lists eight tests of DINP 
	 Page 32 – Lists eight tests of DINP 

	 Page 47 – DINP is identified as positive in one of nine assays 
	 Page 47 – DINP is identified as positive in one of nine assays 

	 Page 65 – “DINP has been tested for the ability to induce in vitro cell transformation in eight studies…” 
	 Page 65 – “DINP has been tested for the ability to induce in vitro cell transformation in eight studies…” 


	 
	Note also that the transformation study summarized in the paper by Barber et al. (2000) is the same study conducted by Litton Bionetics (1985b). Thus, the last sentence in the first paragraph on page 32 is incorrect; there were only 7 studies but one was listed twice. 
	 
	A. HID Section 3.3.1 – Kinetics and Metabolism 
	The studies cited as Midwest Research Institute were published as McKee, et al. (2002). 
	 
	B. HID Section 3.3.2 – Genotoxicity 
	The in vivo cytogenetics data are incorrect. The animals were given 0.5, 1.7, or 5 milliliters/kg/day (not milligrams as listed in the HID). Based on the density of DINP, 0.98 g/cm3, this works out to just under 5000 mg/kg (not 5 mg/kg). This was originally a transcriptional error by the EPA and has been carried forward in all subsequent reviews that have relied on the EPA summary information. 
	 
	The report also failed to incorporate data on DINP from an in vitro assay for unscheduled DNA synthesis using rat hepatocytes. DINP was inactive in this test. The results are summarized in McKee et al. (2000)  
	 
	C. HID Section 3.3.3 – Cell Transformation Assays 
	The summary of cell transformation assays in the HID was based on a previous review (EC JRC 2003) in which it was reported that positive results were obtained in one (of the 7 conducted) cell transformation assays over a concentration range of 0.03 to 1 μl/ml. However, in the original report (Microbiological Associates, 1981a), the authors reported the following data: 0.01 µl/ml (0 foci), 0.1 µl/ml (1 type II foci, 0 type III foci), 0.3 µl/ml (1 type II foci, 0 type III foci), 1.0 µl/ml (0 type II foci, 2 t
	Furthermore, the report interpretation ignores relevant information such as the false positive rate, false negative rate, and reproducibility of the assay itself (see Table 3, below, for performance characteristics for the transformation assay).  
	 
	Based on the concentration response considerations, high false positive rate, lower false negative rate, and high reproducibility, the most appropriate data-supported interpretation is that DINP does not cause cell transformation. 
	 
	Table 3: performance characteristics of the Balb/C 3t3 cell transformation assay for predicting carcinogenicity 
	Table
	TR
	TD
	Span
	 

	TD
	Span
	False Positive Rate 

	TD
	Span
	False Negative Rate 

	TD
	Span
	Reproducibility 

	Span

	BALB/C 3T3 
	BALB/C 3T3 
	BALB/C 3T3 

	47% 
	47% 

	25% 
	25% 

	>95% 
	>95% 

	Span


	Values as reported in “Detailed Review Paper on Cell Transformation Assays for Detection of Chemical Carcinogens” (OECD, 2007). 
	 
	 
	D. HID Section 3.3.6 – Effects on Steroidogenesis 
	The information provided below is a detailed discussion of the studies of the effects of DINP on testosterone synthesis in male rat fetuses, and the consequences thereof. Note, however, that the summary in the HID did not include the most recent and relevant information. As shown in recent investigations of steroidogenesis (Heger et al., 2012, Mitchell et al., 2012), it now seems questionable that the effects of phthalates on steroidogenesis in fetal rats are indicative of the potential for human effects (J
	 
	As reported by several authors (Hannas et al., 2011; 2012; Borch et al., 2004; Boberg et al., 2011; Clewell et al., 2013a,b), DINP reduces testosterone in fetal rat testis. However, as stated above, phthalates do not appear to produce similar effects in fetal human testis (Heger et al., 2012; Mitchell et al., 2012). That having been said, some of the information in the HID is presented in a selective and potentially misleading way as described in more detail below.  
	 
	The description of the Boberg et al., 2011 study is selective in presentation. The study is described as having demonstrated reproductive and behavioral effects in offspring exposed to DINP in utero and post-natally. Effects in males are described as increased nipple retention, reduced anogenital distance, reduced sperm motility and increased sperm count. Pathological findings in the testis include enlarged diameters of seminiferous tubules and increased incidence of multinucleated gonocytes. It is also cla
	 
	In contrast to this characterization, it first should be noted that the testicular findings were observed at one time point only and were not observed at subsequent time points. There is no indication of altered testicular development in animals examined at 90 days of age, indicating these changes are not permanent. Second, a statistical significance was observed in increased nipple retention on PND 13 at dose levels of 750 mg/g/day, but no increase in nipple retention 
	was observed at PND 90 indicating that this change is not permanent. The authors claim a change in behavior in female rats following DINP treatment, but only one set of data are described. The specific hypothesis that was being addressed experimentally, i.e., that alteration of testosterone synthesis would affect male behavior in learning and memory testing was not proven by the study. In fact, the authors concluded that “Male performance during both the learning and memory period was unaffected by DINP exp
	 
	In addition to Boberg et al., 2011, effects on the developing male rat reproductive system were evaluated by Adamsson et al. (2009) and by Clewell et al. (2013a, 2013b). These studies are not summarized in the HID. In a study designed to test the effects on steroidogenesis in the fetal rat testis and adrenal gland, DINP was administered by gavage at doses of 250 and 750 mg/kg/day to Sprague-Dawley rats on gestational days 13.5 to 17.5 (Adamsson et al., 2009). This dosing window includes the critical program
	 
	Clewell et al. (2013a, b) conducted two studies evaluating the effect of DINP treatment on the development of the male rat reproductive system. In the first study, DINP was administered to pregnant rats at doses of 0, 50, 250 and 750 mg/kg day on gestational days 12 – 19. A reduction in fetal testosterone concentrations (approximately 50% of controls) was noted at 250 and 750 mg/kg/day two hours after the last exposure. However, the testosterone levels returned to control levels 24 hours after the last dose
	concentration was noted on post natal day two. An increased incidence of MNGs was noted in the two highest DINP dose groups. A reduction of AGD was noted on PND 14 in the high dose DINP males. No increase in nipple retention was noted in males for any DINP group at PND 14. At PND 49 no changes were observed in any DINP treated group. DINP did not alter AGD, nipple retention, nor did it produce reproductive tract malformations on PND 49. Effects observed in the DBP group included reduced AGD, increased incid
	 
	One other line of research omitted from the HID addresses species difference in response of the developing male reproductive tract. Whereas rats are sensitive to alteration of male reproductive tract development, other species appear refractory to this effect. Marmosets and fetal mice do not demonstrate alteration of testosterone dependent male reproductive tract development following exposure to phthalate esters (Gaido et al., 2007; McKinnell et al., 2009). Further, mice and marmosets do not demonstrate a 
	 
	A study designed similarly to the Hershberger bioassay screen for anti-androgenic chemicals provided an assessment of the anti-androgenic properties of DINP (Lee and Koo, 2007). Seven days after surgical castration (removal of testes and epididymides, followed by recovery and growth regression), young male rats were administered 0.4 mg/kg/d testosterone propionate (sc) plus an oral gavage dose of 20, 100 or 500 mg/kg/day DINP. This treatment was repeated for 10 days, after which the animals were killed and 
	 
	The description of the Borch et al., 2004 study as reported in the HID is not accurate. In a study designed to test effects on testosterone synthesis, 32 pregnant female rats were exposed to either 300 mg/kg-bw DEHP or 750 mg/kg-bw DINP, alone or in combination, from gestation day 7 to gestation day 21 (Borch et al., 2004). The dams were sacrificed on gestation day 21 and the pups were harvested for analysis of testicular testosterone production, testicular testosterone content, plasma testosterone levels, 
	In contrast to the findings reported by Gray et al. (2000) and Boberg et al. (2011), no anti-androgenic effects were observed in male offspring of pregnant rats exposed to higher levels of 
	DINP in the diet (Masutomi et al., 2003). DINP was administered to Sprague-Dawley rats at concentrations of 400, 4000, and 20,000 ppm from gestational day 15 to PND 10. Offspring were examined in terms of anogenital distance, prepubertal organ weights, onset of puberty, estrous cyclicity, and organ weights and histopathology of endocrine organs at adult stage (week 11) as well as the volume of sexually dimorphic nucleus of the preoptic area (SDN-POA). No antiandrogenic effects or malformations male rat repr
	 
	The HID notes binding and activation of the estrogen receptor by DINP as reported by (Harris et al., 1997). In the recombinant yeast screen, a gene for a human estrogen receptor was integrated into the main yeast genome and was expressed in a form capable of binding to estrogen response elements, controlling the expression of the reporter gene lac-Z (when receptor is activated, the lac-Z is expressed). DINP was tested at concentrations ranging from 10-3 M to 5x10-7 M. DINP behaved un-reproducibly in the yea
	 
	Additionally, in vivo estrogenic potential was evaluated. DINP was administered by oral gavage once daily for a period of 4 days to ovariectomized SD rats at doses of 20, 200, or 2000 mg/kg/d (Zacharewski et al., 1998). Ethinyl estradiol was used as a positive control. Body weight, uterine wet weight and percentage of vaginal epithelial cell cornification on each day were assessed. Increases in body weight were observed with DINP in only one of two identical experiments. DINP did not increase uterine wet we
	 
	As noted by the HID, an increase in the percentage of male rat pups with aerolae was noted by Gray et al. (2000) following treatment of pregnant rats from gestational day 12 to PND 4 with DINP at 750 mg/kg/day.  More specifically, in this study, the data indicated that at 13 days of age, infant males with areolas were observed at an incidence of 22% compared with controls (0%). In this study the control incidence for areola retention was reported to be zero, but in a subsequent study from the same laborator
	 
	Only by pooling of these different effects was statistical significance demonstrated. This type of data manipulation is not routinely performed in toxicological safety evaluations, nor is it considered good statistical practice. No single endpoint (nipple retention, epididymal agenesis, fluid filled testes, testes weight) on its own was significantly different from control values. It should also be noted that Gray et al. (2000) did not find any effects on anogenital distance or on reduction of testosterone 
	 
	The HID describes a hypothesis known as the testicular dysgenesis syndrome (TDS). It is unclear why this is discussed in detail in a carcinogen listing document. It is hypothesized that certain adverse effects noted in male human reproductive development (testicular germ cell cancer, cryptorchidism, hypospadias and low sperm count) have a common origin in fetal development. The hypothesis has recently been questioned as the effects are caused by different mechanisms (Thorup et al., 2010; Nohynek et al., 201
	.  
	E. HID Section 3.3.7 - Structure Activity Comparisons 
	The HID report recognizes the existence of two general groups of phthalates, low molecular weight and high molecular weight, but fails to consider the implications of that differentiation on their assessment. Much of the structure-activity section focuses on DBP, BBP, and DEHP, all of 
	which are low molecular weight phthalates with different toxicology profiles from DINP. Although the report provides carcinogenicity data for those three low molecular weight phthalates, it ignores carcinogenicity data for other low molecular weight phthalates, such as NTP studies on dimethyl phthalate, diethyl phthalate, and diallyl phthalate. Critically, the report provides no explanation for what structure they associate with which activity, which is essential to assessing the validity of any structure-a
	 
	In section 3.3.7, a case is made that DINP, BBP and DEHP share similar tumor profiles, and the HID compares available evidence for carcinogenicity, genotoxicity, and receptor binding. Tables are provided to summarize these results. The assessment is based on an “any evidence basis,” as opposed to a weight-of-the-evidence basis, and as such is at best disingenuous or at worst misleading. For example, table 13 compares the presence of tumors following chronic treatment of DINP, BBP and DEHP. First, for severa
	 
	To more accurately reflect the weight of the evidence as opposed to any evidence, a detailed version of the HID report Table 13 is provided, that separates disparate tumor types and relies on statistical difference from concurrent controls and historical control range for the tumors in question. Further, the tables indicate species and strain differences in tumors as well as indication of reproducibility of finding. These tables provide a better weight-of-the-evidence summary than table 13. In the tables, s
	 
	The statement (HID, p. 46), "DINP has not been evaluated for induction of DNA damage." is not correct. In fact DINP has been tested in both of the classical assays for DNA damage (the micronucleus test and the chromosome aberration test) as discussed in McKee et al., (2000).  
	The statement (HID, p. 48), "DINP has positive results in cell transformation genotoxicity assays performed in vitro." is misleading in three ways: 
	 
	 It ignores the fact that seven assays were conducted with negative results in all but one. Given it is a single, questionable positive result, it is factually inaccurate to state there are positive results (plural). 
	 It ignores the fact that seven assays were conducted with negative results in all but one. Given it is a single, questionable positive result, it is factually inaccurate to state there are positive results (plural). 
	 It ignores the fact that seven assays were conducted with negative results in all but one. Given it is a single, questionable positive result, it is factually inaccurate to state there are positive results (plural). 

	 The statement also characterizes the in vitro transformation assay as a "genotoxicity" test. In fact, it is claimed that the transformation assay can detect both genotoxic and non-genotoxic carcinogens (OECD 2007), so a positive result in a transformation test does not help in defining carcinogenesis mechanisms. 
	 The statement also characterizes the in vitro transformation assay as a "genotoxicity" test. In fact, it is claimed that the transformation assay can detect both genotoxic and non-genotoxic carcinogens (OECD 2007), so a positive result in a transformation test does not help in defining carcinogenesis mechanisms. 

	 It relies on a single questionable positive result while giving no weight to the potential for false positives and negative results, or the lack of reproducibility across the various studies conducted (discussed above in section 3.3.3). 
	 It relies on a single questionable positive result while giving no weight to the potential for false positives and negative results, or the lack of reproducibility across the various studies conducted (discussed above in section 3.3.3). 


	 
	Table 2: Observation of liver tumors (hepatocellular adenomas, carcinomas and neoplastic nodules) in rat and mouse chronic bioassays of diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. Significant increase in hepatocellular carcinomas and adenomas and carcinomas combined in males and females (two highest dose groups)  
	Study 2. Significant increase in hepatocellular carcinomas and adenomas and carcinomas combined in males and females (two highest dose groups)  

	Study 1. No statistically significant increase in hepatocellular carcinoma or carcinoma and neoplastic nodules in male and female rats 
	Study 1. No statistically significant increase in hepatocellular carcinoma or carcinoma and neoplastic nodules in male and female rats 
	Study 3. Significant increase in hepatocellular carcinomas and adenomas and carcinomas combined in high dose males and females 

	Study 4. No statistically significant increase in hepatocellular carcinoma in males; significant increase in females (two highest dose groups)  
	Study 4. No statistically significant increase in hepatocellular carcinoma in males; significant increase in females (two highest dose groups)  

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. Increased incidence of hepatocellular adenoma and carcinoma in mid and high dose males and females 
	Study 5. Increased incidence of hepatocellular adenoma and carcinoma in mid and high dose males and females 
	Study 7, 8. Significant increase in hepatocellular carcinomas in high dose males and low and high dose females 

	Study 6. Increased incidence of hepatocellular adenoma and carcinoma in mid and high dose males and high dose females 
	Study 6. Increased incidence of hepatocellular adenoma and carcinoma in mid and high dose males and high dose females 
	Study 7, 8. Significant dose trend in males, significant dose trend and incidence in high dose females 
	Study 9. Increased incidence of hepatocellular carcinomas in high dose females 

	Study 10. No statistically significant increase in hepatocellular carcinoma in males 
	Study 10. No statistically significant increase in hepatocellular carcinoma in males 

	Span

	BBP 
	BBP 
	BBP 

	Study 11. No statistically significant increase in either sex 
	Study 11. No statistically significant increase in either sex 

	Study 11. No statistically significant increase in either sex 
	Study 11. No statistically significant increase in either sex 
	Study 12. No statistically 

	No Data 
	No Data 

	Span


	Table
	TR
	significant increase in either sex 
	significant increase in either sex 
	Study 13. No statistically significant increase in either sex 

	Span

	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 

	Span


	 
	Table 3: Observation of pancreatic tumors (pancreatic acinar adenomas and carcinomas or pancreatic islet cell adenomas and carcinomas) in rat and mouse chronic bioassays of diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	Pancreatic Acinar Cell Tumors 

	TD
	Span
	Pancreatic Islet cell tumors 

	Span

	TR
	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. No significant increase in either sex 
	Study 2. No significant increase in either sex 

	Study 1. No significant increase in either sex  
	Study 1. No significant increase in either sex  
	Study 3. No significant increase in either sex 

	Study 4. No significant increase in either sex 
	Study 4. No significant increase in either sex 

	Study 2. No significant increase in either sex. 
	Study 2. No significant increase in either sex. 

	Study 1. No significant increase in either sex  
	Study 1. No significant increase in either sex  
	Study 3. No significant increase in either sex 

	Study 4.No significant increase in either sex 
	Study 4.No significant increase in either sex 

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. No significant increase in either sex 
	Study 5. No significant increase in either sex 
	Study 7, 8. No significant increase in either sex 
	 

	Study 6. No significant increase in either sex 
	Study 6. No significant increase in either sex 
	Study 7, 8. No significant increase in either sex 
	Study 9. No significant increase in either sex 

	Study 10. No significant increase in either sex 
	Study 10. No significant increase in either sex 

	Study 5. No significant increase in either sex 
	Study 5. No significant increase in either sex 
	Study 7, 8. No significant increase in either sex 

	Study 6. No significant increase in either sex 
	Study 6. No significant increase in either sex 
	Study 7, 8. No significant increase in either sex 
	Study 9. No significant increase in either sex 

	Study 10. No significant increase in either sex 
	Study 10. No significant increase in either sex 

	Span

	BBP 
	BBP 
	BBP 

	Study 12. No significant increase in either sex 
	Study 12. No significant increase in either sex 

	Study 12. No significant increase in females  
	Study 12. No significant increase in females  
	Study 13. Increased incidence of acinar cell adenomas and carcinomas in males; No significant increase in females 
	Study 14. Increase incidence of acinar cell tumors in males on ad libitum diet; no increase in males on dietary restriction or females on either diet  

	No Data 
	No Data 

	Study 12. No significant increase in either sex 
	Study 12. No significant increase in either sex 

	Study 12. No significant increase in either sex 
	Study 12. No significant increase in either sex 
	Study 13. No significant increase in either sex 
	Study 14. No significant increase in either sex 

	No Data 
	No Data 

	Span

	Statistically significant = significant. Significant increases indicated in bold.  
	Statistically significant = significant. Significant increases indicated in bold.  
	Statistically significant = significant. Significant increases indicated in bold.  

	Span


	  
	Table 4: Observation of MNCL in rat and mouse chronic bioassays on DINP, diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. No statistically significant increase in either sex 
	Study 2. No statistically significant increase in either sex 

	Study 1 Increased incidence in males (two highest dose groups)and females (highest does group) above concurrent controls 
	Study 1 Increased incidence in males (two highest dose groups)and females (highest does group) above concurrent controls 
	Study 3. Increased incidence in males and females (two highest dose groups) above concurrent controls 

	Study 4.No statistically significant increase in either sex 
	Study 4.No statistically significant increase in either sex 

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. No statistically significant increase in either sex 
	Study 5. No statistically significant increase in either sex 
	Study 7, 8. No statistically significant increase in either sex 

	Study 6. Increased incidence in males (two highest dose groups) 
	Study 6. Increased incidence in males (two highest dose groups) 
	Study 7, 8. No statistically significant increase in either sex 
	Study 9. No statistically significant increase in either sex 

	Study 10. No statistically significant increase in either sex 
	Study 10. No statistically significant increase in either sex 

	Span

	BBP 
	BBP 
	BBP 

	Study 12. No statistically significant increase in either sex 
	Study 12. No statistically significant increase in either sex 

	Study 12. Increased incidence in female rats at high dose 
	Study 12. Increased incidence in female rats at high dose 
	Study 13. No statistically significant increase in either sex 
	Study 14. No statistically significant increase in either sex 

	No Data 
	No Data 

	Span

	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 

	Span


	 
	  
	 
	Table 5: Observation of testicular interstitial or Leydig cell tumors (adenoma and carcinomas) in rat and mouse chronic bioassays of DINP, diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. No statistically significant increase in interstitial cell tumors in males 
	Study 2. No statistically significant increase in interstitial cell tumors in males 

	Study 1. No increase in interstitial cell tumors in males 
	Study 1. No increase in interstitial cell tumors in males 
	Study 3. No increase in interstitial cell tumors in males 

	Study 4.No statistically significant increase in interstitial cell tumors in males 
	Study 4.No statistically significant increase in interstitial cell tumors in males 

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. No statistically significant increase in interstitial cell tumors in males 
	Study 5. No statistically significant increase in interstitial cell tumors in males 
	Study 7, 8. No statistically significant increase in interstitial cell tumors in males 

	Study 6. Decreased incidence in interstitial cell tumors in males 
	Study 6. Decreased incidence in interstitial cell tumors in males 
	Study 7, 8. Decreased incidence in interstitial cell tumors in males  
	Study 9. No statistically significant increase in interstitial cell tumors in males 

	Study 10. Increased incidence in Leydig cell tumors in males 
	Study 10. Increased incidence in Leydig cell tumors in males 

	Span

	BBP 
	BBP 
	BBP 

	Study 12. No statistically significant increase in interstitial cell tumors in males 
	Study 12. No statistically significant increase in interstitial cell tumors in males 

	Study 12. No statistically significant increase in interstitial cell tumors in males 
	Study 12. No statistically significant increase in interstitial cell tumors in males 
	Study 13. No statistically significant increase in interstitial cell tumors in males 
	Study 14. No statistically significant increase in interstitial cell tumors in males 

	No Data 
	No Data 

	Span

	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 

	Span


	 
	  
	 
	Table 6. Observation of renal tubule cell tumor (adenomas and carcinomas) in rat and mouse chronic bioassays of diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. No statistically significant increase in either sex 
	Study 2. No statistically significant increase in either sex 

	Study 1. No statistically significant increase in tubular cell adenoma in either sex  
	Study 1. No statistically significant increase in tubular cell adenoma in either sex  
	Study 3. No statistically significant increase in tubular cell adenomas in females; increased incidence in tubular cell adenomas in high dose males in recovery group 

	Study 4. No statistically significant increase in either sex 
	Study 4. No statistically significant increase in either sex 

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. No statistically significant increase in either sex 
	Study 5. No statistically significant increase in either sex 
	Study 7, 8. No statistically significant increase in either sex 

	Study 6. No statistically significant increase in either sex 
	Study 6. No statistically significant increase in either sex 
	Study 7, 8. No statistically significant increase in either sex 
	Study 9. No statistically significant increase in either sex 

	Study 10. No statistically significant increase in either sex 
	Study 10. No statistically significant increase in either sex 

	Span

	BBP 
	BBP 
	BBP 

	 Study 12. No statistically significant increase in either sex 
	 Study 12. No statistically significant increase in either sex 

	Study 12. No statistically significant increase in either sex 
	Study 12. No statistically significant increase in either sex 
	Study 13. No statistically significant increase in either sex 
	Study 14. No statistically significant increase in either sex 

	No Data 
	No Data 

	Span

	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 

	Span


	 
	  
	 
	Table 7. Observation of uterine endometrial tumors (adenomas and carcinomas) in rat and mouse chronic bioassays on diisononyl phthalate (DINP), diethyl hexyl phthalate (DEHP) and Butyl Benzyl Phthalate (BBP) 
	Table
	TR
	TD
	Span
	Phthalate 

	TD
	Span
	B6C3F1 Mouse 

	TD
	Span
	F-344 Rat 

	TD
	Span
	SD Rat 

	Span

	DINP 
	DINP 
	DINP 

	Study 2. No statistically significant increase in females  
	Study 2. No statistically significant increase in females  

	Study 1. No increase in endometrial tumors in females  
	Study 1. No increase in endometrial tumors in females  
	Study 3. No increase in endometrial tumors in females 

	Study 4.No statistically significant increase in females  
	Study 4.No statistically significant increase in females  

	Span

	DEHP 
	DEHP 
	DEHP 

	Study 5. No statistically significant increase in females  
	Study 5. No statistically significant increase in females  
	Study 7, 8. No statistically significant increase in females  

	Study 6. No statistically significant increase in females  
	Study 6. No statistically significant increase in females  
	Study 7 8. No statistically significant increase in females  
	Study 9. No statistically significant increase in females 

	Study 10. No statistically significant increase in females 
	Study 10. No statistically significant increase in females 

	Span

	BBP 
	BBP 
	BBP 

	Study 12. No statistically significant increase in females  
	Study 12. No statistically significant increase in females  

	Study 12. No statistically significant increase in females 
	Study 12. No statistically significant increase in females 
	Study 13. No statistically significant increase in females 
	Study 14. No statistically significant increase in females 

	No Data 
	No Data 

	Span

	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 
	Statistically significant increases indicated in bold. 

	Span


	 
	 
	 
	Data sources for Tables 4-9:  
	 
	DINP 
	Study 1. Lington, AW, Bird, MG, Plutnick, RT, Stubblefield, WA and Scala, RA(1997). Chronic toxicity and carcinogenic evaluation of diisononyl phthalate in rats Fundam. Appl. Toxicol. 36: 79-89.  
	 
	Study 2. Moore, MR (1998). Oncogenicity study in mice with di(isononyl)phthalate including ancillary hepatocellular proliferation and biochemical analysis. Covance Laboratories, Inc. Vienna, VA. Study No. 2598-105.  
	 
	Study 3. Moore, MR (1998). Oncogenicity study in rats with di(isononyl)phthalate including ancillary hepatocellular proliferation and biochemical analysis. Covance Laboratories, Inc. Vienna, VA. Study No. 2598-104.  
	 
	Study 4. Biodynamics, Inc. (1986). A chronic toxicity carcinogenicity feeding study in rats with Santicizer 900. Submitted to Monsanto Company by Biodynamics, Inc. Project No. 81-2572. June 20, 1986.  
	 
	DEHP 
	Study 5. Moore MR (1997) Oncogenicity study in mice with Di (2-ethylhexyl)phthalate including ancillary hepatocellular proliferation and biochemical analyses. Corning Hazleton Incorporated (CHV), 9200 Leesburg Pike, Vienna, Virginia 22182-1699. Laboratory Study Identification: CHV 663-135; Sponsor: Eastman Chemical Company, First America Center, P.O. Box 1994 Kingsport, Tennessee 37662-5394 
	 
	Study 6. Moore MR (1996) Oncogenicity study in rats with Di (2-ethylhexyl)phthalate including ancillary hepatocellular proliferation and biochemical analyses. Corning Hazleton Incorporated (CHV), 9200 Leesburg Pike, Vienna, Virginia 22182-1699. Laboratory Study Identification: CHV 663-134; Sponsor: Eastman Chemical Company, First America Center, P.O. Box 1994 Kingsport, Tennessee 37662-5394 
	 
	Study 7. Kluwe WM, Haseman JK, Douglas JF and Huff JE (1982) The carcinogenicity of dietary di-(2-ethylhexyl) phthalate (DEHP) in Fischer 344 rats and B6C3F1 mice. J. Toxicol. Environ. Health 10, 797-815. 
	 
	Study 8. NTP (National Toxicology Program) (1982) Carcinogenesis bioassay of di(2-ethylhexyl) phthalate in F-344 rats and B6C3F1 mice (feed study). NTP Technical Report No. 217, 01-82.  
	 
	Study 9. Cattley RC, Conway JG and Popp JA (1987) Association of persistent peroxisome proliferation and oxidative injury with hepatocarcinogenicity in female F-344 rats fed di-(2-ethylhexyl) phthalate for 2 years. Cancer Lett. 38, 15-22. 
	 
	Study 10. Berger MR (1995) Combination effect of three non-genotoxic carcinogens in male SD rats. Proceedings of the American association for cancer research annual meeting. 36 (0), 133. 
	 
	BBP  
	Study 12. NTP (1982) National Toxicology Program. NTP-80-25, NIH Publication No. 82-1769. Technical Report series no. 213. Carcinogenesis bioassay of butyl benzyl phthalate in F-344/N rats and B6C3F1 mice (feed study).  
	 
	Study 13. NTP (1997) National Toxicology Program. Report No. 458, NIH publication No. 97-3374. Toxicology and carcinogenesis studies of butyl benzyl phthalate in F-344/N rats (feed studies). 
	 
	Study 14. NTP (1995) National Toxicology Program. Report No. 460, NIH publication No. 95-3376. Effects of dietary restriction on toxicology and carcinogenesis studies in F-344/N rats and B6C3F1 mice. 
	 
	 
	V. HID SECTION 4 – MECHANISM 
	Section 4 of the HID discusses the underlying “mechanisms” for tumor induction in rats and mice in the carcinogenesis studies of DINP. Strictly speaking, since the precise mechanism for tumor induction is unknown, it would be better to speak about “modes of action.” With respect to liver cancer, the discussion can best be understood in the context of the mode of action (MOA) first proposed by Klaunig et al. (2003) (recently updated by Corton et al., 2013) that the liver tumors in rodents are the consequence
	 
	Following PPARα activation there are a sequence of steps including alteration in cell growth pathways [leading to liver enlargement with associated hepatocyte proliferation and a series of associative events including induction of metabolizing enzymes and peroxisome proliferation]; perturbation of cell growth and survival [including inhibition of apoptosis]; and clonal expansion of pre-neoplastic foci [for which tumor necrosis factor alpha (TNFα), and inhibition of gap junction intracellular communication (
	13  Corton et al. (2013) specifically noted that “weaker” PPARα activators such as DEHP do not induce chronic cell proliferation. 
	13  Corton et al. (2013) specifically noted that “weaker” PPARα activators such as DEHP do not induce chronic cell proliferation. 

	 
	Mechanistic questions notwithstanding, there are both quantitative and qualitative reasons to believe that the induction of liver tumors by DINP is rodent-specific and not relevant to tumors. Humans have functional PPARα (hPPARα) which is similar but not precisely the same as the rat (rPPARα) and mouse (mPPARα) receptors. There is evidence that humans have lower constitutive levels of PPARα receptors than do the rodents (e.g., Palmer et al., 1998), and MINP is a less avid agonist for the hPPARα than for the
	14  For purposes of this discussion, note that Bility et al. (2004) reported that under in vitro conditions agonism for human PPARα required concentrations of MINP > 30 µM. However, in the same article it was reported that the geometric mean serum concentrations of the monoester of DEHP in the US population were approximately 14 nM. Thus, although the results of the in vitro systems are interesting, they suggest that the conditions that could lead to produce receptor interactions are outside the physiologic
	14  For purposes of this discussion, note that Bility et al. (2004) reported that under in vitro conditions agonism for human PPARα required concentrations of MINP > 30 µM. However, in the same article it was reported that the geometric mean serum concentrations of the monoester of DEHP in the US population were approximately 14 nM. Thus, although the results of the in vitro systems are interesting, they suggest that the conditions that could lead to produce receptor interactions are outside the physiologic
	15  One of the classical observations was that some substances that caused liver tumors in rodents also caused an increase in organelles in the hepatocytes as a means to deal with the increased metabolic demands. The organelles were referred to as “peroxisomes” and the observation as “peroxisome proliferation”. In recent years it has become clear that this rodent-specific response is a consequence of PPARα induction, and the entire cascade of events, including the increase of peroxisomes in the liver is ref

	 
	In assessing the applicability of the PPARα-mediated mode of action to the current situation, the IARC criteria are the most relevant. More specifically the criteria established by IARC to make the determination that liver tumors in rats and mice are the consequence of a PPARα –mediated process and not relevant to humans are (IARC, 1995 at 12-13): 
	 
	(a) Information is available to exclude mechanisms of carcinogenesis other than those related to peroxisome proliferation.  
	(b) Peroxisome proliferation (increases in peroxisome volume density or fatty acid -oxidation activity) and hepatocellular proliferation have been demonstrated under the conditions of the bioassay.  
	(c) Such effects have not been found in adequately designed and conducted investigations of human groups and systems. 
	In this context, the most important issue relating to criteria (1) the exclusion of other mechanisms of carcinogenicity is that the substance in question is not genotoxic. The most important issue relating to criteria (2) is that the indicators of peroxisomal proliferation must be shown to occur under the conditions of the bioassay, and the most important issue relating to criteria (3), the requirement to demonstrate species specificity, is that the effects associated with PPARα15 induction do not occur in 
	 
	A. Section 4.1 – Genotoxicity 
	The section on genotoxicity (section 4.1) is incomplete and presented in a misleading way.  
	As noted in the previous section, in so far as the IARC criteria are concerned, the information on genotoxicity is necessary as a way of differentiating a PPARα-mediated process from a process involving a direct mutagenic event. (The emphasis is added to indicate that indirect DNA damage, which might be the consequence of oxidative damage, is an element of the PPARα mode of action, not a separate and distinct mechanism). Normally such evidence would come from a battery of genetic toxicity tests addressing t
	Table 10: Summary of Genetic Toxicology Information on DINP 
	Table
	TR
	TD
	Span
	 Test System 

	TD
	Span
	Result 

	TD
	Span
	Reference 

	Span

	Salmonella (plate incorporation) 
	Salmonella (plate incorporation) 
	Salmonella (plate incorporation) 

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Salmonella (preincubation)  
	Salmonella (preincubation)  
	Salmonella (preincubation)  

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000;  
	McKee et al., 2000;  
	Zeiger et al., 1985 

	Span

	Mouse lymphoma 
	Mouse lymphoma 
	Mouse lymphoma 

	negative (+/- S9) 
	negative (+/- S9) 

	Barber et al., 2000 
	Barber et al., 2000 

	Span

	Cytogenetics (in vitro) 
	Cytogenetics (in vitro) 
	Cytogenetics (in vitro) 

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Unscheduled DNA synthesis (rat hepatocytes ) 
	Unscheduled DNA synthesis (rat hepatocytes ) 
	Unscheduled DNA synthesis (rat hepatocytes ) 

	negative 
	negative 

	Litton Bionetics, 1981 
	Litton Bionetics, 1981 

	Span

	Mouse micronucleus test 
	Mouse micronucleus test 
	Mouse micronucleus test 

	negative 
	negative 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Cytogenetics (rat bone marrow, in vivo)) 
	Cytogenetics (rat bone marrow, in vivo)) 
	Cytogenetics (rat bone marrow, in vivo)) 

	negative 
	negative 

	Microbiological Associates, 1981b 
	Microbiological Associates, 1981b 

	Span


	  
	The second paragraph in section 4.1 of the HID claims that the assessment of the genotoxic potential of DINP was incomplete because there was no assessment of oxidative DNA damage. However, this is misleading as it suggests that this constitutes a separate mode of action for liver tumor induction. As discussed in the letter by Swenberg (2001) and documented in the paper by Rusyn et al. (2000) oxidative damage is the consequence of the generation of reactive oxygen species through the metabolic pathways indu
	 
	Finally, the last sentence in the paragraph “It has also been noted that Kupffer cell (liver resident macrophages) activation by peroxisome proliferators (PP) involves the generation of ROS [reactive oxygen species]…” is true but may be misleading. The cascade of events following PPARα induction involves Kupffer cell activation, and that this in turn leads to cell proliferation and ultimately liver tumors in rodents. In short, Kupffer cell activation is part of the PPARα mode of action, not a separate genot
	 
	B. HID Section 4.2 – Activation of Peroxisome Proliferator Activated Receptor (PPAR) 
	1. HID Section 4.2.1 – PPARα activation and liver tumor induction 
	The section dealing with PPARα activation (section 4.2.1) is incomplete, misleading in some aspects, and draws a conclusion based on an incorrect understanding of the experimental procedures. In order to understand the relationship between PPARα activation it is important to be clear on the mode of action. For DINP, the key events include: 
	 
	1. metabolism of DINP to MINP; 
	1. metabolism of DINP to MINP; 
	1. metabolism of DINP to MINP; 

	2. activation of the PPARα receptor; 
	2. activation of the PPARα receptor; 

	3. alteration in cell growth pathways (e.g., oxidative stress, TNFα production, reduced gap junction intercellular communication);  
	3. alteration in cell growth pathways (e.g., oxidative stress, TNFα production, reduced gap junction intercellular communication);  

	4. perturbation of cell growth and survival (i.e., cellular proliferation); and 
	4. perturbation of cell growth and survival (i.e., cellular proliferation); and 

	5. selective clonal expansion of pre-neoplastic foci cells. 
	5. selective clonal expansion of pre-neoplastic foci cells. 


	 
	As discussed in more detail below, the evidence from studies in primates and human cells in culture provide evidence that PPARα receptor activation can occur but do not lead to alteration in cell growth pathways or any of the down-stream events. There are also a number of either associated events or modulating factors which may be either directly or indirectly the due to PPARα induction. The extent to which these play a role in tumor induction is unclear, but at the very least they are consequences of PPARα
	 
	Species differences in the consequences of PPARα activation -- As summarized above, humans have PPARα receptors which can be activated by phthalate monoesters including MINP. There may be quantitative differences between humans and rodents in terms of both receptor density and agonism, and, to some extent, these are reflected in the HID. But what is not said, although this information was provided in previous comments (ExxonMobil, 2010) and is directly relevant to IARC criteria (3), is that PPARα activation
	  
	Evidence that DINP causes liver tumors in rodents via a PPARα-mediated process -- The criteria to determine whether or not a substance causes liver effects in rodents via a PPARα-mediated process, were defined by an ILSI workshop in 1995 (Cattley et al., 1998). The studies by Moore et al. (1998a, b) were designed in order to assess whether peroxisome proliferation was a plausible explanation for liver tumor induction and included assessments of liver weight increase, peroxisome proliferation, and cell proli
	With respect to IARC criteria (2), data documenting peroxisome proliferation, liver enzyme induction and hepatocellular proliferation were obtained in these studies, but the requirement that these changes be demonstrated under the conditions of the bioassay was, strictly speaking, only met for the rats. To test whether effects consistent with a PPARα mode of action did occur in mice under the conditions of the bioassay, a study was conducted in which male and female mice were given DINP for periods of 1-4 w
	 
	A similar investigation was conducted in wild type and PPARα-null mice to provide direct evidence for PPARα agonism. As expected, DINP treatment induced cell proliferation and palmityl CoA and up-regulated PPARα-dependent genes in wild type mice but not in PPARα-null mice, providing direct evidence that PPARα activation is required to produce the characteristic changes in mouse liver (Valles et al., 2003). 
	 
	The DINP cell proliferation data are consistent with the PPARα MOA -- In the section of the HID entitled Role of PPARα-activation in DINP induced liver tumors (HID, p. 54), the statement is made that “However, the data on short-term induction of hepatocellular proliferation in DINP-exposed B6C3F1 mice are inconsistent and long-term hepatocellular proliferation has not been shown to occur in DINP-exposed rats….” This reflects a lack of understanding of the sequence of events following PPARα activation. In fa
	 
	The HID (p 56) states that the inconsistency of the short-term hepatocellular proliferation in DINP-exposed rats and mice and the lack of sustained long-term hepatocellular proliferation in DINP-exposed rats suggest that PPARα activation may not be causally related to DINP-induced liver tumors in rats and mice. As stated in the HID Summary section, hepatocellular proliferation 
	in rats and wild type mice was reported to be associated with tumorigenic doses of DINP (Moore, 1998a;b; Smith et al., 2000; Valles et al., 2003; Kaufmann et al., 2002) when the assessments were made within the first few weeks of initiation of treatment, but hepatocellular proliferation was not observed at lower doses, after longer times, or in PPARα-null mice. As explained in the preceding paragraph as well as the expert reviews on this subject (e.g., Klaunig et al., 2003, Corton et al. 2013), these are pr
	 
	IARC has not changed its position on the PPARα MOA -- The HID implies that the IARC (2012) reevaluation of the carcinogenicity of DEHP is an indication that IARC has modified the position taken in 1995, but this is not the case. As stated in the HID: 
	 
	IARC reevaluated the carcinogenicity of DEHP in 2013, and based in part on the Ito et al. (2007) and Yang et al. (2007) data, changed its classification to group 2B. In its reevaluation of DEHP carcinogenicity, IARC stated “multiple molecular signals and pathways in several cell types in the liver, rather than a single molecular event, contribute to the induction of cancer in rats and mice. Thus, the relevance to human cancer of the molecular events that lead to cancer elicited by di(2-ethylhexyl) phthalate
	 
	 
	The IARC conclusion on DEHP, however, does not represent a change in its 1995 position, nor does it challenge the PPARα MoA for rodent liver tumors. The mode of action framework establishes that key events are a necessity, but not necessarily sufficient to lead to the outcome. The new data by Ito et al and Yang et al provide information on other mechanisms that may contribute to the liver tumors and when PPARα activation is blocked, but this information is “not necessarily sufficient”, and neither piece of 
	 
	A re-evaluation of the mode of action by a panel of experts (Corton et al., 2013) addressed potential weaknesses in the PPARα mode of action and categorized the weaknesses as major or minor. The expert panel reviewed the data from Ito et al. (2007) and determined that there was a weakness in the findings, specifically that there was evidence of tumor induction in only the PPARα-null mice. 
	 
	The panel concluded that, with respect to the PPARα mode of action, the Ito data represented a minor weakness. The specific statement from the panel was that “under these exposure conditions, there were no increases in liver tumor frequency in the wild-type mice. Additionally, wild-type and PPARα-null mice exhibited differences in the expression of growth control genes that indicate that the tumors arose by different MOAs (Ito et al., 2007). Almost all of the genes altered by DEHP in wild-type mice were PPA
	 
	The overall conclusions from the panel of experts was that “chemical-specific and mechanistic data support … the key events associated with many PPARα activators including a phthalate ester plasticizer di(2-ethylhexyl) phthalate (DEHP)” and the majority of the work group felt that the rodent MOA was “not relevant to humans”, with a minority feeling it was “unlikely to be relevant to humans.” (Corton et al, 2013). 
	 
	The Ito et al. study is insufficient to demonstrate an alternate non-PPARα mechanism -- Ito et al. (2007) compared the effects of long-term dietary exposure of up to 0.05% DEHP on liver toxicity of wild type (+/+) and PPARα null (-/-) mice. They used a knockout PPARα -/- mouse strain, produced according to the method published by Lee et al. (1995), which is designed to cause both PPARα alleles in the mouse to be replaced by inactivated alleles, using the homologous recombination technique. Four biological e
	 
	On the basis of their data, Ito et al. proposed an alternative mode of action for DEHP induced liver tumors independent of PPARα activation: DEHP-induced oxidative stress in mouse hepatocytes leading to inflammation and the activation of protooncogenes. However, several factors bring into question the utility of this paper for assessing DEHP (or by read-across, DINP) rodent carcinogenicity and the role (or lack of a role) of PPARα. The following explicates these limitations. 
	 
	Ito -- PPARα Null Mouse Model  
	 
	Ito et al. reported the use of a PPARα null mouse strain produced according to a method published by Lee et al. (1995). The Lee et al. knockout mouse had both PPARα alleles replaced using the homologous recombination technique. It should be noted that in a knockout model, the possibility that other genes overlap with the PPARα function cannot be eliminated. Lee et al. were able to demonstrate that their PPARα mice no longer had detectable levels of the PPARα gene, mRNA or protein via the Southern, Northern 
	 
	Ito - Survival Rates 
	 
	Ito et al. reported percent survival for the control (i.e., 0% DEHP) wild type mice and the PPARα null mice through 23 months to be 96%. This survival rate is significantly higher than that earlier reported by Howroyd et al. (2004), where the percent survival for 22 wild-type and 12 null mice 
	at 23 months were ~60% and 35%, respectively. As Ito et al. and Howroyd et al. both cite the same laboratory and background for their mice, the mice used by the two research groups apparently are from the same stock colony. The survival rates reported by Howroyd et al. are much more in line with typical survival rates of transgenic mouse strains. Therefore, the unusually high survival rates reported by Ito et al. raise serious questions about their data. Ito et al. did not address in their paper why the sur
	 
	Ito - Liver Weight 
	 
	Ito et al. reported no significant effect on bodyweight or liver weight in either the wild or the null mice. However, the data suggest a trend towards an increase in liver weight for the PPARα -/- (null) animals, especially the 0.05% DEHP exposed group (+/+ mean = 1.27g ±0.18; -/- mean = 1.78g±0.84). A trend of increased liver weight was not observed in the wild mice, though a trend increase of liver to % body weight was seen in rats treated with DEHP at similar dose levels (Poon et al 1997). In addition, t
	 
	Ito -8-hydroxy-2’-deoxyguanosine (8-OHdG) Levels 
	 
	As indicated above, 8-OHdG is a marker of oxidative damage to DNA. Ito et al. reported that DEHP treatment dose-dependently increased 8-OHdG levels in the livers of both PPARα null mice and wild-type mice; however, the degree of increase was greater in the null mice. This could be a reflection of the fact that basal levels of 8-OHdG were significantly higher in the PPARα null control (i.e., 0% DEHP) mice than the wild-type control mice, which would indicate that the PPARα null mice suffered from an increase
	 
	Although previous research has suggested that oxidative DNA damage is a PPARα dependent event (Rusyn et al., 2004), the Ito data suggest that the mice that they used have higher levels of oxidative damage even in the absence of PPARα induction. As oxidative stress increases and 8-OHdG accumulates, DNA repair is induced as a compensatory mechanism in the wild-type mice. Chronic treatment with peroxisome proliferators, including DEHP, has induced increased repair in both rat and mouse liver (Rusyn et al., 200
	 
	Ito – Tumors 
	 
	Ito et al. reported that a statistically significant increase in the number of liver tumors (i.e., hepatocellular carcinomas, hepatocellular adenomas and cholangiocarcinomas) from 2 – 8 (10 – 25.8%) was seen in the null mice fed the top dose DEHP diet (p<0.05). This was mostly due to a jump from 2 to 6 in hepatocellular adenoma (i.e., benign tumors) incidence between these two groups. Statistical significance was reached only when the total numbers of tumors were combined. The IARC working group on DEHP que
	 
	The utility of the Ito data is limited in that a number of reports have indicated that aged (e.g., 24 month) PPARα-null mice are more vulnerable to tumorigenesis than wild-type mice, due to fundamental mechanistic differences in the two types of mice (Mandard et al., 2004; Kostadinova et al., 2005; Balkwill and Couseens, 2005; Pikarsky et al., 2004; Takashima et al., 2008).  
	 
	Howroyd et al. (2004) compared age-dependent lesions in the liver, kidney and heart in PPARα-null mice with those observed in wild-type SV129 mice, in the absence of any chemical treatment (SV129 is also the strain used by Ito et al.). Various non-neoplastic spontaneous aging lesions occurred at higher incidence, shorter latency, or increased severity in PPARα-null mice compared with wild-type mice. In addition, a greater number of hepatocellular carcinomas and multiple hepatocellular adenomas were seen in 
	 
	Takashima et al. (2008) examined gene expression profiles of hepatocellular adenoma tissues as well as control livers of wild-type and PPARα null mice. The genes identified and hypothesized to contribute to spontaneous tumorigenesis (i.e., Gadd45a and caspase 3-dependent apoptosis genes) in the null mice were unique to the null mice. These data indicate that the underlying biology between the wild-type and knockout mice differs. These fundamental differences complicate the interpretation and explanation of 
	 
	 
	The Guyton et al. interpretation of Ito et al. is flawed -- On the basis of the null-mouse data, Guyton et al. (2009) have suggested that a mode of action independent from PPARα may contribute to tumorigenesis. However, Guyton et al. attempted to compare chemically induced tumor incidences across strains of mice (e.g., SV129 vs. B6C3F1). Such comparison may be confounded by the strain-specific susceptibility to spontaneous tumorigenesis (Krupke et al., 2008). In the most recent evaluation of the mode of act
	 
	Much of the alternative carcinogenic mode of action from Guyton et al. (2009) is based on increased oxidative damage in treated null animals in the study by Ito, however Ito’s own data indicated the knock out animals were more susceptible to oxidative stress in the absence of treatment (increases in 8-OHdG ko vs. wt in control group) and that this effect was dependent on age (no difference between animals at 16 wk). An alternative explanation for the results in the Ito paper, which is more plausible given t
	 
	Table 11 – Comparison of spontaneous frequencies of liver tumors in wild-type and PPARα-null mice to those in treated wild-type and PPARα-null mice reported by Ito et al. (2007).  
	 
	Table
	TR
	TD
	Span
	Data source 

	TD
	Span
	Howroyd et al. (2004) 

	TD
	Span
	Ito et al. (2007) 

	Span

	Genotype/ 
	Genotype/ 
	Genotype/ 
	Treatment 

	Wild-Type 
	Wild-Type 

	PPARα-null 
	PPARα-null 

	PPARα-null 
	PPARα-null 

	Wild-type (0.05% DEHP) 
	Wild-type (0.05% DEHP) 

	PPARα-null  
	PPARα-null  
	(0% DEHP) 

	PPARα-null  
	PPARα-null  
	(0.05% DEHP) 

	Span

	Age (days) 
	Age (days) 
	Age (days) 

	679-941 
	679-941 

	456-678 
	456-678 

	679-941 
	679-941 

	~ 700 (23 months) 
	~ 700 (23 months) 

	~ 700 (23 months) 
	~ 700 (23 months) 

	~ 700 (23 months) 
	~ 700 (23 months) 

	Span

	Hepatocellular Carcinoma* 
	Hepatocellular Carcinoma* 
	Hepatocellular Carcinoma* 

	0(22) 
	0(22) 

	0(19) 
	0(19) 

	2(12) 
	2(12) 

	0(20) 
	0(20) 

	1(25) 
	1(25) 

	1(31) 
	1(31) 

	Span

	Hepatocellular Adenoma* 
	Hepatocellular Adenoma* 
	Hepatocellular Adenoma* 

	5(22) 
	5(22) 

	4(19) 
	4(19) 

	6(12) 
	6(12) 

	2(20) 
	2(20) 

	0(25) 
	0(25) 

	6(31) 
	6(31) 

	Span


	*Data are shown as number of tumor-bearing animals divided by the total number of animals with tumors. 
	 
	For all the above reasons, the Ito et al. (2007) data are not sufficient to indicate that, for DINP, there is a valid alternative mode of action resulting in liver tumors in rodents other than that related to PPARα agonism. 
	 
	Yang et al. is insufficient to show uncoupling of cell proliferation and tumor induction --Again, as discussed briefly above, there is another experiment which has been cited as evidence against a PPARα mode of action. In this study investigators used a genetically engineered form of PPARα suggested that cell proliferation and tumor induction could be uncoupled (Yang et al., 2007). The responses of transgenic mice expressing a constitutively activate form of a PPARα fusion protein (VP16PPARα) were compared 
	 
	Thus, the study by Ito et al. does not provide sufficient evidence to suggest that the MOA for PPARα activators is not relevant for DEHP-induced liver tumors and the study Yang et al. cannot be used to argue that cell proliferation and tumor induction can be uncoupled from PPARα activation. These studies are equivocal and even when taken at face value do not undermine the PPARα-activated MOA. 
	 
	PPARα agonist liver response and chemical tumorigenicity -- The HID (p. 54) concludes: “The degree to which a PPARα agonist induces liver responses indicative of PPARα activation has not been found to correlate with the ability of the chemical to induce liver tumors.” The support provided by this statement is that DIDP was three times more potent than DINP for induction of hepatic PCoA activity in vivo. This conclusion is flawed in that it: 
	 
	1. disregards information from other PPARα agonists; 
	1. disregards information from other PPARα agonists; 
	1. disregards information from other PPARα agonists; 

	2. relies of on a single time point, ignoring that the observed difference may time-dependent (i.e., at other times which were not observed in the study DINP may exceed DIDP); and 
	2. relies of on a single time point, ignoring that the observed difference may time-dependent (i.e., at other times which were not observed in the study DINP may exceed DIDP); and 


	3. ignores that in a tumorigenic mode of action there is a series of key events which must occur for the final neoplastic effects.  
	3. ignores that in a tumorigenic mode of action there is a series of key events which must occur for the final neoplastic effects.  
	3. ignores that in a tumorigenic mode of action there is a series of key events which must occur for the final neoplastic effects.  


	 
	While early events (e.g., PPARα activation, peroxisomal proliferation, and enzyme induction) may be similar, because DIDP neither induces hepatocyte hyperplasia (only hypertrophy [Cho et al 2011]) nor development of altered cell foci (Cho et al 2008) the process does not advance to tumorigenesis. The evidence that DIDP can activate PPARα and trigger peroxisomal proliferation, but fails to produce tumors, strengthens the weight-of-evidence for a phthalate PPARα MOA.  
	 
	Thus, the statement presents a one-sided view of the evidence by relying on a single publication, while ignoring the breadth of data supporting PPARα agonism being the key MOA for liver tumor induction and failing to fully understand the key events on the PPARα MOA for liver tumor induction. 
	 
	2. HID Section 4.2.2 – PPARγ activation 
	This section reports evidence that MINP is a PPARγ agonist and suggests that this may represent an alternative carcinogenic mechanism for DINP. However, the information is selectively provided and could be misinterpreted. 
	 
	As noted above, the evidence for PPARγ agonism comes from a paper by Bility et al. (2004) which compared the human and mouse PPARα and PPARγ receptors under in vitro conditions in a transactivation assay system. They reported that MINP caused a dose-dependent increase in human PPARγ activity at concentrations of 30µM. As also noted in the paper, serum concentrations of MINP are likely to be in the low nM range, so in the base case it seems unlikely that the levels of MINP that would be required for PPARγ ac
	 
	That information notwithstanding, it is also unlikely that PPARγ activation represents an alternative cancer mechanism as one might infer from the report. In fact, based on a recent review (Peters et al., 2012), PPARγ agonism seems more likely to be cancer-protective than cancer inducing. According to Peters et al. “There are many published studies showing that activating PPARγ prevents cancer in tissues such as colon, breast, prostate and lung…. Indeed most studies to date show that PPARγ agonists can prov
	 
	Further, the information that is provided in the HID is selective. Although two studies are cited as evidence that a PPARγ agonist (pioglitazone) causes cancer in humans (Mamtani et al., 2012; Azouly et al., 2012), they do not mention the papers by Erdman et al. (2013) Lewis et al. (2012), or Tseng (2012) which found no association between pioglitazone treatment in human bladder cancer. Additionally, the HID selectively presents only the portion of Tseng and Tseng's statements regarding PPARγ and bladder tu
	 
	 
	More specifically, the HID discussion of the Tseng and Tseng (2012) publication neglects to present the authors’ statements indicating there are scientific questions regarding the human relevance of PPARγ agonist associated tumors observed in rats. Tseng and Tseng specifically indicated "Some suggest a 'urolithiasis hypothesis' referring to the formation of urinary solids and calculi, which subsequently causes bladder necrosis, regenerative proliferation, hypertrophy, and cancer. However, whether these anim
	 
	The publication cited in the report indicating MINP is capable of activating human PPARγ indicates the lowest concentration inducing a response was 30 uM (Bility et al 2004). Reported EC50 values of pioglitazone for PPARγ are 0.99 and 0.93 uM for humans (Kuwabara et al 2004). This indicates pioglitazone is substantially more active than MINP for PPARγ activation. Bility also compared human and mouse PPARγ activation by MINP, showing that the mouse was 10 times more sensitive than the human for PPARγ activat
	 
	Furthermore, the peer reviewed literature includes multiple reviews discussing anti-neoplastic effects from PPARγ activation (Kotta-Loizou et al 2012; Sugawara et al 2011; Nemenoff 2007; Wang et al 2006; Peters et al., 2012) which were not discussed in the report. A rigorous assessment of the potential for DINP cause carcinogenesis via a PPARγ mediated mechanism should include examination of evidence that PPARγ ligands as a group can be carcinogenic, not simply cite information from pioglitazone (which itse
	 
	The HID provides a decidedly unbalanced analysis of the hypothesis that DINP may induce tumors via a PPARγ dependent mechanism in its analysis of the available information, having provided only a cursory selection of a small amount of information in its current state is highly speculative due to its reliance on pioglitazone as an indicator of potential hazard. 
	 
	C. HID Section 4.3 – Activation of CAR and PXR 
	The observations are from two studies (deKeyser et al., 2009; 2011). Both studies were in vitro receptor-binding studies with phthalate diesters, not monoesters as the test substances. In the 2011 study which used cultured human hepatocytes (which have some in vitro metabolic capacity) the binding efficiency was lower than in their previous study. The authors suggested that the reduction in activity might have been due to phthalate metabolism. What some authors fail to recognize is that phthalates are eithe
	 
	In HID section 4.3, there is a review of an in vitro study in which DINP was tested for its potential as an agonist for the CAR2 and PXR receptors. At the end of this section, it is stated that “It is not known whether the ability of DINP to activate CAR and PXR, and the resulting increase in expression of several transporters and enzymes, including enzymes involved in testosterone metabolism, could be involved in tumorigenesis.” If the relevance of this information is unknown, then its inclusion is unjusti
	 
	Even though it is indicated in this section of the HID that the relevance is not known, the information is repeated without qualification in the Conclusion (section 6.2) in which it is stated that that “The evidence for carcinogenicity of DINP comes from…DINP or the metabolite MINP activate the following nuclear receptors: …human CAR and PXR” (HID, p. 67).  
	 
	D. HID Section 4.4 – Effects on steroidogenesis and androgen-responsive tissues 
	DINP is weakly estrogenic in vitro when tested as a diester (Harris et al., 1997). The monoester metabolite of DINP (MINP) is not estrogenic in vitro and DINP exhibits no estrogenic activity in vivo (Zachareweski et al., 1998). High dose DINP exposure reduces testosterone synthesis in male fetal rats (Boberg et al., 2004; Boberg et al., 2011; Clewell et al., 2013a, Hannas et al., 2012). This has been demonstrated in several studies. DINP has markedly lower potency and efficacy than low molecular weight phth
	E. HID Section 4.5 – Tumor necrosis factor-α (TNF-α) induction 
	This is represented as if it was an independent process for cancer induction, but that is not the case. As discussed by Corton et al. (2013) TNF-α induction is a modulating factor of the PPARα agonism. So induction of TNF-α is in fact part of the PPARα mode of action. 
	 
	Included in chapter 4.5 is a summary of the paper by Bennasroune et al. (2012) which reports an assessment of the effects of DINP on the immune system under in vitro conditions. One should be very cautious in drawing any conclusions from this study. Like some of the other studies summarized in the HID (Harris et al., 1997; DeKeyser et al., 2011), the authors tested the diester over a reported concentration range of 0.2 µM – 10 µM. As discussed previously, in vitro studies 
	of phthalate diesters are of questionable relevance to humans because under in vivo conditions, the monoesters predominate. Further, the concentration range used is well above the water solubility limits for DINP (Cousins et al. 2003); in this respect it is noteworthy that the authors did not indicate the vehicle used, nor did they include a vehicle control group. Given the serious study design issues, it is not appropriate to use the data from this paper to support hypotheses about modes of action under in
	F. HID Section 4.6 – Gap junction Intercellular Communication (GJIC) 
	Inhibition of GJIC is represented as if it was an independent process for cancer induction, but that is not the case. As shown by Klaunig et al. (2003) (and later Bachman et al., 201; Corton et al., 2013), inhibition of GJIC is a consequence (although perhaps a secondary consequence) of PPARα agonism. So this is in fact part of the PPARα mode of action. 
	 
	G. HID Section 4.7 – α2u-Globulin Nephropathy 
	The HID utilizes this section to argue that renal tubule tumors in male rats observed following chronic exposure to DINP are not related to the well-established and internationally accepted α2u-Globulin mode of action. The HID goes so far as to state that “some renal tubule cell tumors induced by agents that induce α2u-globulin accumulation in male rat renal tubules have been suggested to be not relevant to human cancer risk.” In fact, several authoritative bodies have evaluated this mode of action and its 
	 
	The HID’s assessment is incomplete and at points misleading. First the HID does not cite available data for evaluation of the role of α2u-globulin in renal tubule tumor development. These data are useful in consideration of the IARC criteria. Second, the HID does not acknowledge that in addition to IARC, EPA established criteria for evaluation of the relevance of male rat renal tubule tumors to human risk assessment (EPA 1991). Finally, the HID only identifies CPSC as having evaluated the relevance of male 
	 
	The HID assessment of data is limited in scope. The HID only considers data from the chronic bioassays conducted and the publication of Caldwell et al. (1999). While the evidence available 
	in these reports clearly point to development of renal tumors through a mode of action involving α2u-globulin accumulation, the HID concludes that the available data were not sufficient to satisfy the IARC criteria. The HID, however, does not take into account additional information, included in 2010 data submission that provide the missing evidence and provide a more robust assessment. Specifically the HID does not consider results from Schoonhoven et al. (2001) or subchronic studies on DINP reported in Bi
	 
	In addition to IARC, the EPA has developed criteria for assessment of male rat renal tubule tumors. In 1991 the EPA reviewed the evidence for alpha2u-globulin accumulation as a potential mechanism of renal cancer and its relevance to humans (EPA, 1991). This review culminated in a two part EPA science policy statement (EPA, 1991, p. 85): 
	 
	(1) Male rat kidney tumors arising as a result of a process involving [alpha2u-globulin] accumulation do not contribute to the qualitative weight-of-evidence that a chemical poses a human carcinogenic hazard. Such tumors are not included in dose-response extrapolations for the estimation of human carcinogenic risk. 
	 
	(2) If a chemical induces [alpha2u-globulin] accumulation in male rats, the associated nephropathy is not used as an endpoint for determining non-carcinogenic hazard. Estimates of non-carcinogenic risk are based on other endpoints. 
	 
	EPA also provided guidance for determining whether the alpha2u-globulin process could be a factor in renal effects. Each of three factors, set forth in Section XVII-A of EPA (1991, pp. 86-87) must be met. In Appendix table 2 below, the available evidence are compared against EPA criteria.  
	 
	Finally, the HID only identifies CPSC (2001) as having made a determination regarding the relevance of male kidney tumors for human health risk assessment. In fact numerous regulatory and authoritative bodies have expressed a determination on these tumors. The unanimous conclusion from all of these assessments is that the data available for DINP meet the criteria for an alpha2u-globulin-mediated process and have therefore found that kidney tumors seen in male rats treated with DINP are not relevant for huma
	 
	The CPSC CHAP report states: 
	 
	Male rat specificity in tumor response, lack of genotoxicity, histopathology findings of cytotoxicity and regeneration, α2u-globulin accumulation, and demonstrated cell proliferation strongly support the criteria for demonstrating α2u-globulin mechanism (IARC, 1998). Therefore, the renal tumors in male rats at the high dose of DINP are assumed to be rat specific and are not used to predict human cancer risk. 
	(CPSC, 2001, p. 91) 
	The CPSC, in an updated toxicity review of DINP (CPSC, 2010), states: 
	A small number of renal tubular cell carcinomas were observed only in males exposed to 1.2 percent DINP. Furthermore, there is experimental evidence that these tumors arose by a mechanism involving the accumulation of α2u-globulin (Caldwell et al., 1999). α2u-Globulin is a protein that is specific to the male rat. Renal tubular cell tumors induced by this mechanism are not considered relevant to human risk assessment. 
	DINP was evaluated by Australia NICNAS. Regarding kidney tumors, NICNAS (2012) states “Overall, the available data do not indicate a carcinogenic potential in humans for DINP…. Kidney tumours were attributed to alpha 2µ globulin tumourigenic mechanism specific in male rats.”  
	 
	The EU risk assessment states: “Pertaining to kidney tumours, the species and sex-specific alpha 2u globulin mechanism likely responsible for kidney tumours seen in male rats is not regarded as relevant to humans.” (ECB, 2003a, p. 223 [also cited as EC JRC, 2003]; ECB, 2003b, p. 14) 
	 
	The European Chemicals Agency (ECHA) recently reviewed toxicity of DINP including assessment of carcinogenicity. For kidney tumors, ECHA (2013) stated “The available new information on the carcinogenicity of DINP further supports the conclusions of the EU Risk Assessment concerning renal tumours (EC 2003a). These neoplasms are assumed to have modes of action which are not considered to be relevant for humans (α2u-globulin).” 
	 
	VI. HID SECTION 5 – REVIEWS BY OTHER AGENCIES 
	This section is selective and biased in the information it provides about reviews of DINP potential carcinogenicity.  
	The HID (p. 62) cites three agency reviews (CPSC, 2001; 2010; EPA, 2005a). Additional major agency reviews that are not cited in the HID are the very thorough risk assessment document of the European Union (EC JRC, 2003), the recent reassessment of DINP by the European Chemical Agency (ECHA, 2013), and the recent assessment by the Australian Government (NICNAS, 2012). None of these reviews has concluded that DINP should be classified as a carcinogen or that the animal cancer hazard is a basis for conducting
	The HID summary of the EPA technical review (p. 62) leaves out a critical conclusion of the EPA technical review – that the DINP kidney tumors meet both the EPA and IARC criteria 
	for the alpha-2u-globulin mechanism and therefore are not relevant to humans (EPA, 2005a).16 This is a very misleading omission, given the discussion of this mechanism in Section 4.7 of the HID (pp. 60-62) and the bald listing of the kidney tumors as evidence of carcinogenicity in the Introduction and in the Summary and Conclusion. 
	16  The HID notes that USEPA conducted the technical review and cites to it (USEPA, 2005a), but then quotes only from the Federal Register notice in which USEPA announced the availability of the technical review (USEPA, 2005b). 
	16  The HID notes that USEPA conducted the technical review and cites to it (USEPA, 2005a), but then quotes only from the Federal Register notice in which USEPA announced the availability of the technical review (USEPA, 2005b). 

	The inclusion of the CPSC staff review in this section is inappropriate and misleading. It is a non-peer reviewed document produced to support the Chronic Hazard Advisory Panel that is currently assessing phthalates (CPSC, 2010, cover memo at 2). The conclusions of the staff are not those of the Phthalate CHAP or of CPSC itself (which will make its conclusions after receipt and review of the CHAP final report). The CHAP report is not yet issued, but at its first meeting the CHAP set aside the issue of carci
	 ECHA (2013). Evaluation of new scientific evidence concerning DINP and DIDP In relation to entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Final review report. European Chemicals Agency, Helsinki, Finland, 
	 ECHA (2013). Evaluation of new scientific evidence concerning DINP and DIDP In relation to entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Final review report. European Chemicals Agency, Helsinki, Finland, 
	 ECHA (2013). Evaluation of new scientific evidence concerning DINP and DIDP In relation to entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Final review report. European Chemicals Agency, Helsinki, Finland, 
	 ECHA (2013). Evaluation of new scientific evidence concerning DINP and DIDP In relation to entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006. Final review report. European Chemicals Agency, Helsinki, Finland, 
	http://echa.europa.eu/documents/10162/13579/201308_echa_review_dinp_didp_final_report_en.pdf
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	VII. HID SECTION 6 – SUMMARY AND CONCLUSION 
	A. 6.1 Summary of Evidence 
	The information on liver and kidney tumors and MNCL is discussed in detail in previous sections. Comments in this section will focus on the information for the other tumors (pancreatic islet cell tumors, endometrial adenocarcinomas, Leydig cell tumors) and other issues discussed in this section of the HID.  
	1. Pancreatic Islet Cell Tumors 
	 As discussed in more detail elsewhere in this document, the section on islet cell tumors is both incomplete and misleading. The increase in islet cell tumors in male SD rats was not statistically significant and the increase was within the background range for the testing facility. There were no islet cell tumors in female SD rats in that study or in male or female F-344 rats in two other studies (Lington et al. 1997; Moore et al., 1998a). There was a single islet cell carcinoma in female B6C3F1 mice (Moor
	 
	2. Leydig Cell Tumors 
	As discussed in more detail elsewhere in this document, the section on Leydig cell tumors is misleading. The incidence of Leydig cell tumors was increased in male SD rats but was not significantly different from controls and was within the historical range for the laboratory. In F-344 rats, Leydig cell tumors are a common spontaneous lesion. In both the Lington (1997) and Moore (1998a) studies, virtually all F-344 rats surviving to termination had Leydig cell tumors. 
	 
	3. Uterine Tumors 
	As discussed in more detail elsewhere in this document, the section on uterine tumors is incomplete. It should be noted that the non-statistically significant increase in endometrial adenocarcinomas was observed in female SD rats but these tumors were not found in female F-344 rats in either the Lington (1997) or Moore (1998a) studies or in female B6C3F1 mice (Moore et al., 1998b). The frequency was similar to the historical control range for tumors of this type.  
	 
	4. Genetic Toxicity 
	The section on genetic toxicity is incomplete; DINP was found to be inactive in mutagenesis tests in Salmonella and mouse lymphoma cells, in vitro (CHO cells) and in vivo (chromosome aberration, micronucleus) tests of chromosome breakage; and in an in vitro test of unscheduled DNA repair (McKee et al., 2000). It should be noted that these tests are more than sufficient to demonstrate that DINP does not cause direct DNA damage. 
	 
	5. Cell Transformation 
	Note that there were 7 cell transformation tests rather than 8 and that the one study reported as positive within the HID was considered as negative by the scientists who ran the test (Microbiological Associates, 1981a). 
	 
	6. PPARα 
	The section on PPARα activation in rodents is inaccurate with respect to its characterization of the cell proliferation and apoptosis data being inconsistent with the PPARα mode of action. In fact both features are associated with liver remodeling which is an early event following exposure of rodents to PPARα agonists. It is difficult to observe these effects after the first few weeks of treatment, particularly with weak PPARα agonists (note that DINP is considered to be a weak PPARα agonist). In fact the d
	 
	The section on PPARα is also incomplete as it does not indicate that PPARα activation in humans does not trigger the same types of events that it does in rodents, and it is for this reason that the PPARα mode of action and the rodent tumors that rise in consequence of this MOA are not relevant to humans. The information not provided in the HID include two studies in which it was shown that the liver is not a target organ for DINP in primates (Pugh et al., 2000; Hall et al., 1999) and several in vitro studie
	 
	7. CAR and PXR agonism 
	The inclusion of evidence that DINP can activate human CAR and PXR in the summary of evidence seems entirely unjustified given the conclusion in the HID (p. 57) that the relevance of this information to tumorigenesis is unknown. 
	 
	8. Steroidogenesis 
	The paragraph on steroidogenesis is completely out of place. It provides no information on carcinogenesis. As discussed elsewhere in these comments, the HID appears to be trying to draw a link to the theory of testicular dysgenesis, but as this is only a theory and there is no compelling evidence to link DINP to testicular dysgenesis, this paragraph contributes nothing to a discussion on the potential for DINP to cause cancer. Further, as described earlier in these comments, the discussion on this subject i
	 
	9. TNF-α induction and inhibition of GJIC 
	It is misleading to discuss induction of TNF-α and GJIC inhibition as if they were independent factors in tumor formation. In fact, these are modulating factors in the PPARα mode of action (Klaunig et al., 2003; Corton et al., 2013) and not separate cancer mechanisms as is implied by the way the information is presented. 
	 
	10. Structure Activity Relationships 
	The statement that “DINP shares some structural similarity with DEHP and BBP” is inconsistent the statements in section 3.3.7 of the HID (structure activity comparisons) in which it is said that “There are two general groups of phthalates, the first of which consists of high molecular weight phthalates with seven or more carbon atoms in their backbone, such as DINP and DIDP. The second group consists of low molecular weight phthalates with three to six carbon atoms in their backbone such as DEHP, BBP and DB
	 
	B. HID Section 6.2 -- Conclusion 
	i. In studies of rodents treated with DINP, liver tumors in rats and mice, renal cell carcinomas in male F-344 rats, and MNCL in F-344 rats were observed at high doses. We believe and have provided robust evidence to show that the liver tumor data are consistent with the criteria established by IARC (1995) to show that they are the consequence of a PPARα-mediated process, and, therefore, not relevant to humans.  
	i. In studies of rodents treated with DINP, liver tumors in rats and mice, renal cell carcinomas in male F-344 rats, and MNCL in F-344 rats were observed at high doses. We believe and have provided robust evidence to show that the liver tumor data are consistent with the criteria established by IARC (1995) to show that they are the consequence of a PPARα-mediated process, and, therefore, not relevant to humans.  
	i. In studies of rodents treated with DINP, liver tumors in rats and mice, renal cell carcinomas in male F-344 rats, and MNCL in F-344 rats were observed at high doses. We believe and have provided robust evidence to show that the liver tumor data are consistent with the criteria established by IARC (1995) to show that they are the consequence of a PPARα-mediated process, and, therefore, not relevant to humans.  


	 
	ii. We believe that the kidney tumors in male F-344 rats are the consequence of an α2u-globulin-mediated process, and, as documented in our comments, we have provided data sufficient to meet the EPA (1991) and IARC (Swenberg and Lehman-McKeeman, 1999) criteria for this mode of action. Thus these tumors are not relevant to humans.  
	ii. We believe that the kidney tumors in male F-344 rats are the consequence of an α2u-globulin-mediated process, and, as documented in our comments, we have provided data sufficient to meet the EPA (1991) and IARC (Swenberg and Lehman-McKeeman, 1999) criteria for this mode of action. Thus these tumors are not relevant to humans.  
	ii. We believe that the kidney tumors in male F-344 rats are the consequence of an α2u-globulin-mediated process, and, as documented in our comments, we have provided data sufficient to meet the EPA (1991) and IARC (Swenberg and Lehman-McKeeman, 1999) criteria for this mode of action. Thus these tumors are not relevant to humans.  


	 
	iii. MNCL is a common aging lesion in F-344 rats. We believe that our data are indicative of statistical changes in a high and variable background incidence, but have no relevance to human health. Contrary suggestions in the HID text are based on incomplete, inaccurate and/or misleading presentations of the data, as demonstrated earlier in these comments, and the summary accordingly also presents an incomplete picture. 
	iii. MNCL is a common aging lesion in F-344 rats. We believe that our data are indicative of statistical changes in a high and variable background incidence, but have no relevance to human health. Contrary suggestions in the HID text are based on incomplete, inaccurate and/or misleading presentations of the data, as demonstrated earlier in these comments, and the summary accordingly also presents an incomplete picture. 
	iii. MNCL is a common aging lesion in F-344 rats. We believe that our data are indicative of statistical changes in a high and variable background incidence, but have no relevance to human health. Contrary suggestions in the HID text are based on incomplete, inaccurate and/or misleading presentations of the data, as demonstrated earlier in these comments, and the summary accordingly also presents an incomplete picture. 


	 
	iv. As for the renal transitional cell carcinomas, pancreatic islet cell carcinomas, testicular interstitial cell carcinomas, and uterine adenocarcinomas, these were all elevations that were not statistically significant, within the historical control ranges for the testing laboratories, and not replicated across studies, species or strains. Accordingly the conclusion that is most consistent with the data is that these were spontaneous tumors and not treatment related. Again, the discussions of these tumors
	iv. As for the renal transitional cell carcinomas, pancreatic islet cell carcinomas, testicular interstitial cell carcinomas, and uterine adenocarcinomas, these were all elevations that were not statistically significant, within the historical control ranges for the testing laboratories, and not replicated across studies, species or strains. Accordingly the conclusion that is most consistent with the data is that these were spontaneous tumors and not treatment related. Again, the discussions of these tumors
	iv. As for the renal transitional cell carcinomas, pancreatic islet cell carcinomas, testicular interstitial cell carcinomas, and uterine adenocarcinomas, these were all elevations that were not statistically significant, within the historical control ranges for the testing laboratories, and not replicated across studies, species or strains. Accordingly the conclusion that is most consistent with the data is that these were spontaneous tumors and not treatment related. Again, the discussions of these tumors


	 
	v. The remaining statements in the conclusion are either misleading or not directly relevant. Specifically: 
	v. The remaining statements in the conclusion are either misleading or not directly relevant. Specifically: 
	v. The remaining statements in the conclusion are either misleading or not directly relevant. Specifically: 


	 
	1) As the in vitro transformation assay can be used for both genotoxic and non-genotoxic carcinogens, evidence of in vitro transformation would be consistent with the increase in liver tumors in rats and mice but does not provide any additional mechanistic evidence to assist in assessing human relevance. 
	1) As the in vitro transformation assay can be used for both genotoxic and non-genotoxic carcinogens, evidence of in vitro transformation would be consistent with the increase in liver tumors in rats and mice but does not provide any additional mechanistic evidence to assist in assessing human relevance. 
	1) As the in vitro transformation assay can be used for both genotoxic and non-genotoxic carcinogens, evidence of in vitro transformation would be consistent with the increase in liver tumors in rats and mice but does not provide any additional mechanistic evidence to assist in assessing human relevance. 

	2) As discussed in detail, there is evidence that MINP can activate the PPARα receptor leading to the sequence of events resulting in liver tumors in rats and mice. This is completely consistent with the PPARα mode of action which we consider to be the explanation for the data. As for the other receptors, activation of PPARγ seems more likely tumor-protective and the relevance of CAR and PXR activation is unknown as acknowledged within the HID. Accordingly, we consider that it is only the PPARα activation i
	2) As discussed in detail, there is evidence that MINP can activate the PPARα receptor leading to the sequence of events resulting in liver tumors in rats and mice. This is completely consistent with the PPARα mode of action which we consider to be the explanation for the data. As for the other receptors, activation of PPARγ seems more likely tumor-protective and the relevance of CAR and PXR activation is unknown as acknowledged within the HID. Accordingly, we consider that it is only the PPARα activation i

	3) As discussed above, the section on steroidogenesis, as written, is not relevant to the issue at hand. 
	3) As discussed above, the section on steroidogenesis, as written, is not relevant to the issue at hand. 

	4) As discussed above, activation of TNFα and inhibition of GJC are subsumed within the PPARα mode of action. It is misleading for them to be listed separately as additional information. 
	4) As discussed above, activation of TNFα and inhibition of GJC are subsumed within the PPARα mode of action. It is misleading for them to be listed separately as additional information. 

	5) As discussed above, the HID has not provided any scientific justification to conclude that there is a structure activity relationship between DINP and DEHP that would support “reading across” the DEHP classification to DINP.  
	5) As discussed above, the HID has not provided any scientific justification to conclude that there is a structure activity relationship between DINP and DEHP that would support “reading across” the DEHP classification to DINP.  
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	APPENDIX A – CRITERIA FOR EVALUATING ΑLPHA-2U-GLOBULIN MODE OF ACTION 
	Table
	TR
	TD
	Span
	IARC Criteria 

	Span

	Criteria 
	Criteria 
	Criteria 

	HID 
	HID 

	Available evidence for DINP 
	Available evidence for DINP 

	Span

	Renal tumors occur only in male rats  
	Renal tumors occur only in male rats  
	Renal tumors occur only in male rats  

	HID is silent. 
	HID is silent. 

	Renal tumors were in male rats (Moore 1998a); there were none in female rats (Moore 1998a) or in mice of either sex (Moore 1998b).  
	Renal tumors were in male rats (Moore 1998a); there were none in female rats (Moore 1998a) or in mice of either sex (Moore 1998b).  

	Span

	Acute exposure exacerbates hyaline droplet formation  
	Acute exposure exacerbates hyaline droplet formation  
	Acute exposure exacerbates hyaline droplet formation  

	“With regard to criteria 2 (exacerbation of hyaline droplet formation by acute exposure), DINP did not increase renal tubule alpha2u-globulin accumulation after six months of exposure; increases not seen until 12 months of treatment.” 
	“With regard to criteria 2 (exacerbation of hyaline droplet formation by acute exposure), DINP did not increase renal tubule alpha2u-globulin accumulation after six months of exposure; increases not seen until 12 months of treatment.” 

	Droplets were present in male rat kidneys, and both droplet size and area involved were significantly increased with dose (Caldwell et al., 1999). Droplets were not present in kidneys from female rats. Following five days of exposure to DINP, accumulation of alpha 2u-globulin in male rat kidneys with increasing dose was observed (Schoonhoven et al., 2001). These data demonstrate the abnormal accumulation of hyaline droplets in the renal proximal tubules of treated rats and show also that this does not occur
	Droplets were present in male rat kidneys, and both droplet size and area involved were significantly increased with dose (Caldwell et al., 1999). Droplets were not present in kidneys from female rats. Following five days of exposure to DINP, accumulation of alpha 2u-globulin in male rat kidneys with increasing dose was observed (Schoonhoven et al., 2001). These data demonstrate the abnormal accumulation of hyaline droplets in the renal proximal tubules of treated rats and show also that this does not occur

	Span

	alpha2u-globulin accumulates in hyaline droplets 
	alpha2u-globulin accumulates in hyaline droplets 
	alpha2u-globulin accumulates in hyaline droplets 

	HID is silent. 
	HID is silent. 

	Identification of accumulation of alpha2u-globulin in renal tubule cells in both Caldwell et al., 1999 and Schoonhoven et al., 2001. 
	Identification of accumulation of alpha2u-globulin in renal tubule cells in both Caldwell et al., 1999 and Schoonhoven et al., 2001. 

	Span

	Subchronic histopathological changes including granular cast formation and linear papillary mineralization  
	Subchronic histopathological changes including granular cast formation and linear papillary mineralization  
	Subchronic histopathological changes including granular cast formation and linear papillary mineralization  

	“No data is (sic) available on subchronic histopathological changes such as granular cast formation and lin papillary mineralization.” 
	“No data is (sic) available on subchronic histopathological changes such as granular cast formation and lin papillary mineralization.” 

	In a dietary study of DINP in Sprague-Dawley rats at levels of 0.3 and 1.0% for 13 weeks, tubular regeneration, nephritis, tubular casts and nephrosis were observed primarily in male rats and increasing with dose (Bird et al., 1986; Bio/Dynamics, 1982).  
	In a dietary study of DINP in Sprague-Dawley rats at levels of 0.3 and 1.0% for 13 weeks, tubular regeneration, nephritis, tubular casts and nephrosis were observed primarily in male rats and increasing with dose (Bird et al., 1986; Bio/Dynamics, 1982).  

	Span

	Absence of hyaline droplets and characteristic histopahtological changes in female rats and mice 
	Absence of hyaline droplets and characteristic histopahtological changes in female rats and mice 
	Absence of hyaline droplets and characteristic histopahtological changes in female rats and mice 

	“With regard to criteria 5 (absence of hyaline droplets and characteristic hisopathologial changes in female rats and mice), renal tubular regeneration was noted in one 6000 ppm female in rats.” 
	“With regard to criteria 5 (absence of hyaline droplets and characteristic hisopathologial changes in female rats and mice), renal tubular regeneration was noted in one 6000 ppm female in rats.” 

	Female rats did not demonstrate renal cell proliferation, and no indication of renal tubular hypertrophy. Minimal tubular regeneration in 1/10 female rats compared to 10/10 male rats (Caldwell et al., 1999).  
	Female rats did not demonstrate renal cell proliferation, and no indication of renal tubular hypertrophy. Minimal tubular regeneration in 1/10 female rats compared to 10/10 male rats (Caldwell et al., 1999).  
	 

	Span

	Negative for genotoxicity in a battery of tests  
	Negative for genotoxicity in a battery of tests  
	Negative for genotoxicity in a battery of tests  

	HID is silent. 
	HID is silent. 

	DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985).  
	DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985).  
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	TR
	TD
	Span
	Additional supporting evidence 

	Span

	Reversible binding of chemical or metabolites to alpha2u-globulin 
	Reversible binding of chemical or metabolites to alpha2u-globulin 
	Reversible binding of chemical or metabolites to alpha2u-globulin 

	“Reversible binding of DINP or its metabolites to alpha2u-globulin has not been shown to occur…” 
	“Reversible binding of DINP or its metabolites to alpha2u-globulin has not been shown to occur…” 

	DINP binds reversible to male rat kidney, but not female rat kidney cytosol (Schoonhoven, et al., 2001). 
	DINP binds reversible to male rat kidney, but not female rat kidney cytosol (Schoonhoven, et al., 2001). 

	Span

	Increased and sustained cell proliferation in P2 segment of proximal tubules in male rat 
	Increased and sustained cell proliferation in P2 segment of proximal tubules in male rat 
	Increased and sustained cell proliferation in P2 segment of proximal tubules in male rat 

	“…DINP does not significantly increase cell proliferation in rat renal tubules….” 
	“…DINP does not significantly increase cell proliferation in rat renal tubules….” 

	Sustained proliferation in P2 segment of renal tubules observed in both Caldwell et al., 1999 and Schoonhoven et al., 2001 (doubling and significant).  
	Sustained proliferation in P2 segment of renal tubules observed in both Caldwell et al., 1999 and Schoonhoven et al., 2001 (doubling and significant).  

	Span


	kidneys 
	kidneys 
	kidneys 
	kidneys 

	Span

	Dose response relationship between hyaline droplet severity and renal tumor incidence 
	Dose response relationship between hyaline droplet severity and renal tumor incidence 
	Dose response relationship between hyaline droplet severity and renal tumor incidence 

	”…a dose response relationship has not been demonstrated between hyaline droplet severity and renal tumor incidence.” 
	”…a dose response relationship has not been demonstrated between hyaline droplet severity and renal tumor incidence.” 

	Kidney tumors were found only after dietary administration of DINP at a level of 1.2% (733 mg/kg/day in the male rats). As documented in Caldwell et al. (1999), protein droplets and alpha2u-globulin accumulation were significantly elevated in comparison to control values at 0.6% (307 mg/kg/day) but not at lower levels (307 mg/kg/day was the highest dose used in the Caldwell et al. study). As shown by Caldwell et al. (1999), cell proliferation was elevated at 0.6% in the diet, but was not significantly diffe
	Kidney tumors were found only after dietary administration of DINP at a level of 1.2% (733 mg/kg/day in the male rats). As documented in Caldwell et al. (1999), protein droplets and alpha2u-globulin accumulation were significantly elevated in comparison to control values at 0.6% (307 mg/kg/day) but not at lower levels (307 mg/kg/day was the highest dose used in the Caldwell et al. study). As shown by Caldwell et al. (1999), cell proliferation was elevated at 0.6% in the diet, but was not significantly diffe

	Span


	 
	  
	Table
	TR
	TD
	Span
	EPA Criteria 

	Span

	Criteria 
	Criteria 
	Criteria 

	HID 
	HID 

	Available Data 
	Available Data 

	Span

	Increased number and size of hyaline droplets in renal proximal tubule cells of treated male rats 
	Increased number and size of hyaline droplets in renal proximal tubule cells of treated male rats 
	Increased number and size of hyaline droplets in renal proximal tubule cells of treated male rats 
	The abnormal accumulation of hyaline droplets in the P2 segment of the renal tubule is necessary to attribute the renal tubule tumors to the [alpha2u-globulin] sequence of events. This finding helps differentiate the [alpha2u-globulin] inducers from chemicals that produce renal tubule tumors through other means." (EPA, 1991, p. 86) 

	HID does not address. 
	HID does not address. 

	As shown in Caldwell et al. (1999), hyaline droplets were evaluated by 
	As shown in Caldwell et al. (1999), hyaline droplets were evaluated by 
	As shown in Caldwell et al. (1999), hyaline droplets were evaluated by 
	Span
	-g) in male and female rats. Droplets were present in male rat kidneys, and both droplet size and area involved were significantly increased with dose. Droplets were not present in kidneys from female rats. 
	Span
	-g in male rat kidneys with increasing dose was independently confirmed by a second laboratory (Schoonhoven et al., 2001). These data demonstrate the abnormal accumulation of hyaline droplets in the renal proximal tubules of treated rats and show also that this does not occur in female rats, thus demonstrating the sex specificity of this finding. 


	Span

	"(2) Accumulating protein in the hyaline droplets is [alpha2u-globulin] 
	"(2) Accumulating protein in the hyaline droplets is [alpha2u-globulin] 
	"(2) Accumulating protein in the hyaline droplets is [alpha2u-globulin] 
	 
	Hyaline droplet accumulation is a nonspecific response to protein overload in the renal tubule and may not be due to [alpha2u-globulin]. Therefore, it is necessary to demonstrate that [alpha2u-globulin] accounts for the hyaline droplet accumulation found in the male rat." (EPA, 1991, p. 86) 

	HID does not address. 
	HID does not address. 

	As shown above, the evaluation of hyaline droplets utilized immunohistochemistry to detect the highly specific binding of a monoclonal antibody to alpha2u-globulin. As documented by both Caldwell et al. (1999) and Schoonhoven et al. (2001), the accumulating protein in the hyaline droplets is alpha2u-globulin. As stated above, the absence of alpha2u-globulin in kidneys from female rats was also demonstrated, confirming the sex specificity of the observation. 
	As shown above, the evaluation of hyaline droplets utilized immunohistochemistry to detect the highly specific binding of a monoclonal antibody to alpha2u-globulin. As documented by both Caldwell et al. (1999) and Schoonhoven et al. (2001), the accumulating protein in the hyaline droplets is alpha2u-globulin. As stated above, the absence of alpha2u-globulin in kidneys from female rats was also demonstrated, confirming the sex specificity of the observation. 

	Span

	"(3) Additional aspects of the pathological sequence of lesions associated with [alpha2u-globulin] nephropathy are present. 
	"(3) Additional aspects of the pathological sequence of lesions associated with [alpha2u-globulin] nephropathy are present. 
	"(3) Additional aspects of the pathological sequence of lesions associated with [alpha2u-globulin] nephropathy are present. 
	 
	Typical lesions include single cell necrosis, exfoliation of epithelial cells into the proximal tubular lumen, formation of granular casts, linear mineralization of papillary tubules, and tubule hyperplasia. If the response is mild, all of these lesions may not be observed; however, some elements consistent with the pathological sequence must be demonstrated to be present." (EPA, 1991, pp. 86-87) 

	HID does not address. 
	HID does not address. 

	As documented in Caldwell et al. (1999), tubular regeneration and tubular epithelial hyperplasia were present in male rat kidneys, predominantly in the P2 segment of the proximal tubule of the renal cortex, and increased in a dose-responsive manner. In contrast, tubular regeneration was present in only one of the high dose female rats. Mineralization was documented in the pathology reports of the chronic studies (Moore, 1998a; b). This also showed a strong dose response relationship in the male rat kidneys.
	As documented in Caldwell et al. (1999), tubular regeneration and tubular epithelial hyperplasia were present in male rat kidneys, predominantly in the P2 segment of the proximal tubule of the renal cortex, and increased in a dose-responsive manner. In contrast, tubular regeneration was present in only one of the high dose female rats. Mineralization was documented in the pathology reports of the chronic studies (Moore, 1998a; b). This also showed a strong dose response relationship in the male rat kidneys.
	As documented in Caldwell et al. (1999), tubular regeneration and tubular epithelial hyperplasia were present in male rat kidneys, predominantly in the P2 segment of the proximal tubule of the renal cortex, and increased in a dose-responsive manner. In contrast, tubular regeneration was present in only one of the high dose female rats. Mineralization was documented in the pathology reports of the chronic studies (Moore, 1998a; b). This also showed a strong dose response relationship in the male rat kidneys.
	Span
	-g, all of the histological changes are not to be expected, and the absence of some, as noted by the EPA, is not inconsistent with an 


	Span


	Table
	TR
	[alpha2u-globulin] mediated response.  
	[alpha2u-globulin] mediated response.  

	Span

	TR
	TD
	Span
	Additional Criteria 

	TD
	Span
	 

	TD
	Span
	 

	Span

	(a) Additional biochemical information (including reversible binding of the chemical to alpha2u-globulin) 
	(a) Additional biochemical information (including reversible binding of the chemical to alpha2u-globulin) 
	(a) Additional biochemical information (including reversible binding of the chemical to alpha2u-globulin) 

	HID does not address. 
	HID does not address. 

	As documented by Schoonhoven et al. (2001), reversible binding of DINP metabolites to alpha2u-globulin has been demonstrated. 
	As documented by Schoonhoven et al. (2001), reversible binding of DINP metabolites to alpha2u-globulin has been demonstrated. 

	Span

	(b) Sustained cell division in the proximal tubule of the male rat 
	(b) Sustained cell division in the proximal tubule of the male rat 
	(b) Sustained cell division in the proximal tubule of the male rat 

	HID does not address. 
	HID does not address. 

	This was documented by Caldwell et al. (1999) through the use of immunochemical techniques -- specifically, the use of the proliferating-cell nuclear antigen (PCNA) -- and was subsequently confirmed by Schoonhoven et al. (2001) through the use of an alternative technique -- BrdU labelling. 
	This was documented by Caldwell et al. (1999) through the use of immunochemical techniques -- specifically, the use of the proliferating-cell nuclear antigen (PCNA) -- and was subsequently confirmed by Schoonhoven et al. (2001) through the use of an alternative technique -- BrdU labelling. 

	Span

	(c) Genotoxicity (i.e., information on potential genotoxicity in a standard battery of short-term tests relevant to the evaluation of potential carcinogenicity provides a possible means for distinguishing between genotoxic and non-genotoxic processes)  
	(c) Genotoxicity (i.e., information on potential genotoxicity in a standard battery of short-term tests relevant to the evaluation of potential carcinogenicity provides a possible means for distinguishing between genotoxic and non-genotoxic processes)  
	(c) Genotoxicity (i.e., information on potential genotoxicity in a standard battery of short-term tests relevant to the evaluation of potential carcinogenicity provides a possible means for distinguishing between genotoxic and non-genotoxic processes)  

	HID does not address. 
	HID does not address. 

	As described in Section II, DINP is not genotoxic as evidenced by negative results in a number of short term tests including Salmonella, mouse lymphoma and micronucleus tests (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). 
	As described in Section II, DINP is not genotoxic as evidenced by negative results in a number of short term tests including Salmonella, mouse lymphoma and micronucleus tests (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). 

	Span

	(d) Animal bioassay data in other sex-species combinations 
	(d) Animal bioassay data in other sex-species combinations 
	(d) Animal bioassay data in other sex-species combinations 

	HID does not address. 
	HID does not address. 

	As described above, DINP produces tubule cell carcinomas in male rats but not in female rats or in mice of either sex. This is consistent with the expected pattern of response for an alpha2u-globulin mechanism. It also provides indirect evidence that, if there are other toxic processes associated with DINP treatment, they do not contribute to kidney cancer as no kidney tumors were found except in male rats and under conditions in which alpha2u-globulin was increased. 
	As described above, DINP produces tubule cell carcinomas in male rats but not in female rats or in mice of either sex. This is consistent with the expected pattern of response for an alpha2u-globulin mechanism. It also provides indirect evidence that, if there are other toxic processes associated with DINP treatment, they do not contribute to kidney cancer as no kidney tumors were found except in male rats and under conditions in which alpha2u-globulin was increased. 
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	PART 4  FEBRUARY 16, 2010 SUBMISSION IN RESPONSE TO  OEHHA REQUEST FOR RELEVANT INFORMATION ON DINP   
	 
	February 16, 2010 
	 
	Sent via email (coshita@oehha.ca.gov) to: 
	 
	Cynthia Oshita  
	Office of Environmental Health Hazard Assessment  
	Proposition 65 Implementation  
	P.O. Box 4010  
	1001 I Street, 19th floor  
	Sacramento, California 95812-4010 
	 
	 RE: Diisononyl Phthalate (DINP) Carcinogenicity Hazard Assessment 
	 
	Dear Ms. Oshita: 
	 
	ExxonMobil Chemical Company is submitting this information in response to the California Office of Environmental Health Hazard Assessment (OEHHA) request for relevant information on diisononyl phthalate (DINP) to be considered by the OEHHA Science Advisory Board’s Carcinogen Identification Committee (CIC). We request that OEHHA carefully review and consider this information as it prepares hazard identification materials on DINP. 
	DINP met OEHHA’s screening criteria for consideration of Proposition 65 listing because of the observation of tumors in rats and mice treated with high doses of DINP. However, in contrast to most chemicals, there is a very robust data base for DINP demonstrating that those tumors in rodents are not relevant to a human cancer hazard assessment and that DINP is unlikely to cause cancer in humans. ExxonMobil therefore believes that DINP should not be listed as a human carcinogen under Proposition 65. 
	In addition to the materials being submitted at this time, additional information is anticipated in the near future that will be germane to development of hazard identification materials for DINP. ExxonMobil will submit information from the following when it becomes available: 
	 The American Chemistry Council Phthalate Esters Panel (Panel), of which ExxonMobil is a member, is holding a workshop on peroxisome proliferation. It will be attended by Panel member toxicologists and academic experts in the peroxisome proliferation mode 
	 The American Chemistry Council Phthalate Esters Panel (Panel), of which ExxonMobil is a member, is holding a workshop on peroxisome proliferation. It will be attended by Panel member toxicologists and academic experts in the peroxisome proliferation mode 
	 The American Chemistry Council Phthalate Esters Panel (Panel), of which ExxonMobil is a member, is holding a workshop on peroxisome proliferation. It will be attended by Panel member toxicologists and academic experts in the peroxisome proliferation mode 


	of action as it relates to DINP and other phthalate esters. The goal of the workshop will be to address the significance of recent di(2-ethylhexyl) phthalate (DEHP) studies for understanding the peroxisome proliferation mode of action and the relevance to humans of phthalate-related rodent cancer. Originally, this workshop was to be held in December 2009, but that was prevented due to schedule conflicts for the experts; it appears it will be held in April. 
	of action as it relates to DINP and other phthalate esters. The goal of the workshop will be to address the significance of recent di(2-ethylhexyl) phthalate (DEHP) studies for understanding the peroxisome proliferation mode of action and the relevance to humans of phthalate-related rodent cancer. Originally, this workshop was to be held in December 2009, but that was prevented due to schedule conflicts for the experts; it appears it will be held in April. 
	of action as it relates to DINP and other phthalate esters. The goal of the workshop will be to address the significance of recent di(2-ethylhexyl) phthalate (DEHP) studies for understanding the peroxisome proliferation mode of action and the relevance to humans of phthalate-related rodent cancer. Originally, this workshop was to be held in December 2009, but that was prevented due to schedule conflicts for the experts; it appears it will be held in April. 


	 
	 A study sponsored by the European Council for Plasticizer and Intermediates has been conducted concerning the rate and extent of conversion of isotopically labelled DINP and DEHP into their primary and secondary metabolites in blood and urine following administration to human volunteers. A published report of the study originally was expected this Spring, but, due to need for additional analytical work, is now expected in Fall of 2010. These data will be directly relevant to pharmacokinetics, biomarkers a
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	 The Hamner Institute currently is conducting mechanistic studies of DINP administered to pregnant dams. Preliminary results should be available late spring of this year. These studies will provide information on the dosage of DINP to the liver and related effects, and thus will contribute to understanding of the mechanism of rodent carcinogenesis. 
	 The Hamner Institute currently is conducting mechanistic studies of DINP administered to pregnant dams. Preliminary results should be available late spring of this year. These studies will provide information on the dosage of DINP to the liver and related effects, and thus will contribute to understanding of the mechanism of rodent carcinogenesis. 
	 The Hamner Institute currently is conducting mechanistic studies of DINP administered to pregnant dams. Preliminary results should be available late spring of this year. These studies will provide information on the dosage of DINP to the liver and related effects, and thus will contribute to understanding of the mechanism of rodent carcinogenesis. 


	 
	As is evident from the submission materials, there is an extraordinary wealth of information pertaining to DINP, much of it technically complex. We note that OEHHA’s usual practice for release of hazard identification materials for public comment is such that the CIC has about two weeks to review those comments prior to its meeting for consideration of listing. Because of the complexity of the database for DINP, ExxonMobil urges that there should be a longer period of time between the close of public commen
	In addition, ExxonMobil toxicologists with specific expertise in DINP would be pleased to discuss the DINP data with OEHHA, by email, telephone, or face-to-face meeting. Please feel free to contact any of the following scientists with any questions about the DINP data: 
	Ammie Bachman, Ph.D., ammie.n.bachman@exxonmobil.com, (908) 730-2082 
	Kevin Kransler, Ph.D., kevin.kransler@exxonmobil.com, (908) 730-1065  
	Bob Barter, Ph.D., robert.a.barter@exxonmobil.com, (908) 730-2153 
	Rick McKee, Ph.D., DABT, richard.h.mckee@exxonmobil.com, (908) 730-1037  
	 
	In addition to the attached text discussion of the DINP database, ExxonMobil is separately submitting copies of key studies and reviews cited in the discussion. If OEHHA wishes copies of any cited materials not included in that submission or has any other questions or requests for information, please contact Angela Rollins at angela.rollins@exxonmobil.com or 281-870-6439.  
	We appreciate the opportunity to submit this information.  
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	INTRODUCTION AND OVERVIEW 
	 
	ExxonMobil Chemical Company is submitting this information in response to the California Office of Environmental Health Hazard Assessment (OEHHA) request for relevant information on diisononyl phthalate (DINP) to be considered by the OEHHA Science Advisory Board’s Carcinogen Identification Committee (CIC).17 OEHHA states that it will review and consider this information as it prepares hazard identification materials on DINP. 
	17  Announcement of Chemicals Selected by OEHHA for Consideration for Listing by the Carcinogen Identification Committee and Request for Relevant Information on the Carcinogenic Hazards of These Chemicals [10/15/09], http://www.oehha.org/prop65/CRNR_notices/state_listing/data_callin/sqe101509.html; Request for Relevant Information on Diisononyl Phthalate (DINP) to be Considered by the OEHHA Science Advisory Board’s Carcinogen Identification Committee - Extension Of Public Comment Period [12/04/09], http://w
	17  Announcement of Chemicals Selected by OEHHA for Consideration for Listing by the Carcinogen Identification Committee and Request for Relevant Information on the Carcinogenic Hazards of These Chemicals [10/15/09], http://www.oehha.org/prop65/CRNR_notices/state_listing/data_callin/sqe101509.html; Request for Relevant Information on Diisononyl Phthalate (DINP) to be Considered by the OEHHA Science Advisory Board’s Carcinogen Identification Committee - Extension Of Public Comment Period [12/04/09], http://w

	DINP met OEHHA’s screening criteria for consideration of Proposition 65 listing because of the observation of tumors in rats and mice treated with high doses of DINP. However, in contrast to most chemicals, there is a very robust data base for DINP demonstrating that those tumors in rodents are not relevant to human cancer hazard assessment and that DINP is unlikely to cause cancer in humans. These conclusions are grounded in three basic aspects of the data: 
	1) DINP is not genotoxic, indicating that it does not interact directly with DNA; 
	 
	2) The mechanisms leading to tumorigenesis in the rodents are irrelevant to humans; and 
	 
	3) Primates treated with very high doses of DINP exhibit no effects indicative of the adverse effects leading to tumorigenesis in rodents, on the gross, cellular or biochemical level. 
	 
	It is very important to keep the last point in mind. Primates are much more closely related to humans than are rodents. Because the tumors are observed in rodents, the bulk of this submission consists of detailed technical discussion of effects observed in studies of rodents or rodent tissue. In evaluating the mechanisms by which DINP causes cancer in rodents, OEHHA and the CIC should not lose sight of the primate data, which provide strong support for the mechanistic work demonstrating that the effects in 
	Prior to addressing the toxicological database, Section I of this submission discusses the identity of the chemical that is being evaluated. Commercial DINP is a complex substance that consists of more than simply phthalate molecules with nine-carbon arms. The cancer bioassays have been conducted using commercial DINP, and therefore OEHHA should associate any designation of DINP with its commercial CAS registry numbers – 68515-48-0 and 28553-12-0. 
	Section II discusses the human and primate data relevant to assessing the carcinogenic potential of DINP. Primate studies and in vitro human and primate tests show no evidence of 
	potential carcinogenicity, even under conditions that unquestionably would in rodents provoke responses that are part of the progression to cancer in those rodent species. Treatment for up to 90 days with doses as much as seven-fold greater than those that cause tumors in rodents showed no evidence of effects in the primates that are of the type associated with tumorigenesis in rodents.  
	Section III summarizes the in vivo and in vitro mutagenicity and genotoxicity tests on DINP. These uniformly demonstrate that DINP is not a genotoxic substance. 
	Section IV examines each type of cancer lesion seen in rodents – liver tumors, mononuclear cell leukemia (MNCL) and kidney tumors – and explains why they are not relevant for human hazard assessment.  
	Section IV.A addresses the liver tumors and shows that they are due to the peroxisome proliferation, or PPARα-agonism, mode of action that operates in rats and mice but not in humans. The section provides general background on peroxisome proliferation and then demonstrates that DINP meets both the International Life Sciences Institute (ILSI) and International Agency for Research on Cancer (IARC) criteria as being a peroxisome proliferator, such that the liver tumors observed in rodents are not relevant to h
	Section IV.B addresses MNCL, a lesion seen almost exclusively in F344 rats, in which it occurs spontaneously, and which has no clear analogue in humans. For this reason, authoritative bodies including IARC and the National Institutes of Health (NIH) have concluded that MNCL in rodents is irrelevant to evaluation of human cancer hazard. 
	Section IV.C shows that DINP toxicology meets the criteria of both the U.S. Environmental Protection Agency (USEPA) and IARC as producing kidney tumors by the alpha2u-globulin mechanism. These agencies have determined that when those criteria are met, kidney tumors observed in rodents are not relevant for assessment of human cancer hazard. Therefore, as has been concluded by the reviews of several expert bodies, the kidney tumors observed in rodents exposed to DINP are not relevant to human cancer hazard as
	The conclusion from this large body of evidence is that DINP is very unlikely to cause cancer in humans and therefore should not be listed under Proposition 65 as known to the State of California to cause cancer. 
	We note that OEHHA’s usual practice for release of hazard identification materials for public comment is such that the CIC has about two weeks to review those comments prior to its meeting for consideration of listing. Because of the complexity of the database for DINP, ExxonMobil urges that there should be a longer period of time between the close of public comments and the CIC meeting on DINP, so that the CIC members have adequate time to review and understand the various perspectives provided by those co
	In addition, ExxonMobil toxicologists with specific expertise in DINP would be pleased to discuss the DINP data with OEHHA, by email, telephone, or face-to-face meeting, as it prepares the hazard identification materials. Please feel free to contact any of the following individuals with any questions: 
	Ammie Bachman, Ph.D., ammie.n.bachman@exxonmobil.com, (908) 730-2082 
	Kevin Kransler, Ph.D., kevin.kransler@exxonmobil.com, (908) 730-1065  
	Bob Barter, Ph.D., robert.a.barter@exxonmobil.com, (908) 730-2153 
	Rick McKee, Ph.D., DABT, richard.h.mckee@exxonmobil.com, (908) 730-1037  
	 
	 
	I. DINP IDENTITY 
	Before addressing the toxicological data, it is important to discuss the identity of the chemical substance for which those data have been generated. In its data call-in notice for DINP and four other chemicals/chemical groups, OEHHA provided no CAS number for DINP. OEHHA and CIC consideration of DINP should be specific with reference to CAS Registry numbers (CASRNs) 68515-48-0 and 28553-12-0, which designate DINP as commercially produced and distributed. 
	Unlike most lower molecular weight phthalates, DINP is not composed of a single molecule. Rather, it is produced by reaction of a phthalate moiety with alcohols. The majority of these alcohols have nine carbons (C9), but in various isomeric configurations. In addition, the alcohol fraction includes C8 and C10 alcohols. Since each phthalate has two hydrocarbon “arms”, some molecules within commercial DINP have one arm that is C9, the other C8 or C10, and so forth. Thus, commercial DINP is not simply phthalat
	18  Although complex, the process to produce DINP is stable, and therefore the composition of the mixture is stable. The two commercial CASRNs describe mixtures that are commercially interchangeable (Babich et al., 2004; ECB, 2003a). 
	18  Although complex, the process to produce DINP is stable, and therefore the composition of the mixture is stable. The two commercial CASRNs describe mixtures that are commercially interchangeable (Babich et al., 2004; ECB, 2003a). 
	19  An additional bioassay was conducted using a form of DINP (CASRN 71549-78-5), that was never commercialized (Bio/Dynamics, 1986). 

	The primary cancer bioassays of DINP (Lington et al., 1997; Moore 1998a, b), have been bioassays of commercial DINP.19 There are no bioassays of “pure” C9/C9 DINP. Thus, there is no basis to assign the rodent tumor results to C9/C9 versus any other types of molecule in the 
	complex commercial substance. In fact, given the relatively high doses of DINP required to produce rodent tumors, it is plausible that the C9/C9 molecule is not the carcinogenic entity. 
	For these reasons, OEHHA should not list “DINP” with no associated CASRNs. Just as DIDP is listed on Proposition 65 under CASRNs 68515-49-1 and 26761-40-0, DINP should be considered as the entities CASRN 68515-48-0 and CASRN 28553-12-0. 
	Figure 1. Gas Chromatograph of DINP, CASRN 68515-48-0 
	Structural Components Confirmed by GC/MS Analyses 
	 
	 
	II. HUMAN AND PRIMATE DATA  
	As discussed in detail in Section IV, liver tumors, kidney tumors and mononuclear cell leukemia (MNCL) have been observed in rats and mice treated with high doses of DINP. For the reasons given below, all three of these lesions are not relevant for human hazard assessment. The greatest amount of concern has centered on the liver tumors, but the evidence clearly demonstrates that those tumors in rodents are due to peroxisome proliferation resulting from PPARα-agonism, which is not relevant to humans.  
	The bulk of the toxicological literature concerns studies designed to investigate the mechanism underlying rodent liver tumorigenesis. In reviewing this data, however, it is important to not lose sight of the unusually robust human and primate data for DINP. Those data provide a strong empirical basis for concluding that DINP is not likely to cause cancer in humans. 
	A. Epidemiology 
	There are no epidemiology studies on the carcinogenic potential of DINP. However, there are a number of clinical and population case-control studies of fibrate drugs. Fibrates are PPARα-agonists that are more potent than DINP (see Klaunig et al., 2003, Table 10). These studies are discussed below (Section IV.5.c) and show no evidence of a carcinogenic effect in humans from these PPARα agonists. 
	B. Human Cell Lines 
	Baker et al. (1996), Hasmall et al. (1999) and Kamendulis et al. (2002) have conducted studies of the effects of DINP in human cells in culture. These studies show a lack of the peroxisome proliferator response that is observed in rodents as a key event leading to development of liver tumors.  
	C. Primate Data 
	For DINP, there is an unusually large amount of data from in vivo studies in non-human primates as well as some in vitro data for humans and non-human primates. Primate studies and in vitro human and primate tests show no evidence of potential carcinogenicity, even under conditions that unquestionably would in rodents provoke responses that are part of the progression to cancer in those rodent species. 
	OEHHA and CIC should carefully consider this data, as primate data provides the best basis for determining whether chronic effects seen in rodents can reasonably be anticipated to occur in humans. Because monkeys are more closely related to humans than are rodents, primate studies provide a more relevant animal model for evaluating DINP than do rodent studies (e.g., Mazue and Richez, 1982). This is supported not only by the taxonomic, evolutionary and genetic evidence that places humans in the primate famil
	1. In Vivo Primate Studies 
	Pugh et al. (2000) treated cynomolgus monkeys with DINP for 14 days at levels up to 500 milligrams per kilogram per day (mg/kg/day). Hall et al. (1999) treated marmosets with DINP up to the very high dose of 2500 mg/kg/day for 90 days; for a 70 kg human, this high dose would be about six ounces per day. In both of these primate studies, there was no evidence of those types of treatment-related effects which occur in rodents, even at the very high levels of treatment. More specifically, there were no treatme
	The lack of adverse effects in the primate studies even at very high doses for up to 90 days is in contrast to the progression of pathology in rodents. For example, liver and kidney weights were increased in a 28-day study of rats (BIBRA, 1986). Liver weight increases were seen as early as 1 week after the beginning of treatment in the rat chronic bioassay (Moore, 1998a). Thus, the primate studies strongly indicate that primates are not adversely affected by DINP in the manner of rodents. In fact, the studi
	2. In Vitro Primate Studies 
	Baker et al. (1996), Hasmall et al. (1999) and Kamendulis et al. (2002) found no evidence of peroxisome proliferation in human hepatocytes. Likewise, Benford et al. (1986) and Kamendulis et al. (2002) found no evidence of peroxisome proliferation in primate hepatocytes.  
	Thus, studies from several laboratories using hepatocytes from different individuals or different species of primates have demonstrated that a peroxisome proliferator response is not elicited by DINP in humans and other primates. These in vitro data further support a conclusion that it is unlikely that DINP is a human carcinogen. 
	 
	III. GENOTOXICITY DATA 
	 DINP has been evaluated in multiple in vivo and in vitro genotoxicity/mutagenicity assays and has been negative in all of them (Table 1). Even at very high doses of DINP, the tests have found neither DNA mutations nor chromosomal damage.  
	In vivo, a micronucleus test in mouse bone marrow found no evidence of chromosomal damage following administration of 2 g/kg/day (2000 mg/kg/day) of DINP for two consecutive days (McKee et al., 2000). In a rat bone marrow chromosome aberration test, DINP was negative at doses up to approximately 5 g/kg/day for five days, for a cumulative dose of up to 25 g/kg (Microbiological Associates, 1981).  
	In vitro, DINP has been tested in the Salmonella mutagenicity assay and found to be without activity in plate incorporation assays sponsored by the NIEHS (Zeiger et al., 1985) and in both plate incorporation and pre-incubation assays conducted by producing companies 
	(McKee et al., 2000). DINP also tested negative in the mouse lymphoma test and the Balb/3T3 cell transformation assay (Barber et al., 2000), as well as the unscheduled DNA synthesis test in rat hepatocytes (Litton Bionetics, 1981). In an in vitro cytogenetics test in CHO cells, DINP was without activity even though the highest levels tested produced evidence of visible precipitation in the cell cultures (McKee et al., 2000).  
	These data strongly support a conclusion that DINP is not mutagenic or genotoxic. 
	Table 1. 
	Summary of Genetic Toxicology Information on DINP 
	 
	Table
	TR
	TD
	Span
	Test System 

	TD
	Span
	Result 

	TD
	Span
	Reference 

	Span

	Salmonella (plate incorporation) 
	Salmonella (plate incorporation) 
	Salmonella (plate incorporation) 

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Salmonella (preincubation)  
	Salmonella (preincubation)  
	Salmonella (preincubation)  

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000;  
	McKee et al., 2000;  
	Zeiger et al., 1985 

	Span

	Mouse lymphoma 
	Mouse lymphoma 
	Mouse lymphoma 

	negative (+/- S9) 
	negative (+/- S9) 

	Barber et al., 2000 
	Barber et al., 2000 

	Span

	Cytogenetics (in vitro) 
	Cytogenetics (in vitro) 
	Cytogenetics (in vitro) 

	negative (+/- S9) 
	negative (+/- S9) 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Unscheduled DNA synthesis (rat hepatocytes ) 
	Unscheduled DNA synthesis (rat hepatocytes ) 
	Unscheduled DNA synthesis (rat hepatocytes ) 

	negative 
	negative 

	Litton Bionetics, 1981 
	Litton Bionetics, 1981 

	Span

	Mouse micronucleus test 
	Mouse micronucleus test 
	Mouse micronucleus test 

	negative 
	negative 

	McKee et al., 2000 
	McKee et al., 2000 

	Span

	Cytogenetics (rat bone marrow) 
	Cytogenetics (rat bone marrow) 
	Cytogenetics (rat bone marrow) 

	negative 
	negative 

	Microbiological Associates, 1981 
	Microbiological Associates, 1981 

	Span

	Transformation assay (Balb/3T3) 
	Transformation assay (Balb/3T3) 
	Transformation assay (Balb/3T3) 

	negative 
	negative 

	Barber et al., 2000 
	Barber et al., 2000 

	Span


	  
	 
	IV. RODENT BIOASSAYS 
	Three cancer bioassays have been conducted on commercial DINP, two in rats and one in mice.20 Moore (1998a)21 exposed F344 rats to dietary concentrations of 0, 500, 1500, 6000, or 12000 ppm (29, 88, 358, or 733 mg/kg/day for males and 36, 108, 442, or 885 mg/kg/day for females) DINP for two years. Similarly, Lington et al. (1997) administered dietary concentrations 0, 300, 3000, or 6000 ppm (mean daily intakes of 15, 152, and 307 mg/kg/day) of DINP for two years. Moore (1998b) administered 0, 500, 1500, 400
	20  A dietary bioassay in Sprague-Dawley CD rats was conducted on a form of DINP that was never commercialized (Bio/Dynamics, 1986).  
	20  A dietary bioassay in Sprague-Dawley CD rats was conducted on a form of DINP that was never commercialized (Bio/Dynamics, 1986).  
	21  In various reviews of DINP, the Moore studies alternatively are referred to as the Aristech studies (Aristech Chemical Company sponsored the studies) and as the Covance studies (Covance Laboratories conducted the studies). 

	In rodents, DINP at high doses produces liver tumors in rats and mice, MNCL in F344 rats but not in mice and kidney tumors only in male rats. However, there is a substantial body of research that provides compelling evidence that these tumors in rodents are not relevant for human health assessment. The overwhelming weight of the evidence is that DINP cannot 
	reasonably be anticipated to cause cancer in humans. As discussed below, numerous independent scientists agree with this assessment, based on application of generally accepted scientific principles. The following sections consider each tumor type, in turn. In addition, because OEHHA included a reference to testicular dysgenesis syndrome (TDS) in its DINP summary, that hypothetical syndrome is also addressed. 
	A. Liver Tumors Observed In Rodents 
	Liver tumors have occurred in rats and mice exposed to high doses of DINP – 733-885 mg/kg/day in rats (Moore, 1998a) and 335-742 mg/kg/day in mice (Moore, 1998b).22 DINP is in a class of chemicals known as "peroxisome proliferators" – chemicals that induce an increase in the size and number of a subcellular organelle known as a "peroxisome" in the liver cells of rodents. Many peroxisome proliferators are known to induce liver tumor formation in rodents. The peroxisome proliferation is mediated by the peroxi
	22  No treatment-related preneoplastic or neoplastic liver lesions were observed in Lington et al. (1997). 
	22  No treatment-related preneoplastic or neoplastic liver lesions were observed in Lington et al. (1997). 

	Because many PPARα-agonists are important pharmaceutical agents (the fibrate class of hypolipidemic drugs), the toxicology of these chemicals has been extensively studied; a substantial amount of such work also has been performed with DINP and another phthalate compound, di(2-ethylhexyl) phthalate (DEHP). This has resulted in an extensive body of work that demonstrates that rodent liver tumors associated with peroxisome proliferation are not relevant for assessing potential human carcinogenicity. In fact, b
	The following first provides general background on peroxisome proliferation (subsection 1). It then demonstrates that DINP meets both the ILSI and IARC criteria as being a peroxisome proliferator, such that the liver tumors observed in rodents are not relevant to humans (subsections 2 and 3). This is followed by a discussion of proposed alternative pathways to tumorigenesis, independent of PPARα. This includes discussion of Ito et al. (2007), the CAR hypothesis and Yang et al. (2007) (subsection 4).  
	The unusually strong data base for DINP with respect to human cell lines and primate studies demonstrates that the PPARα mode of action does not operate in humans (subsection 5). Further, even if the PPARα mode of action theoretically could operate in humans, differences between rodent and human absorption make it virtually impossible for humans to achieve an internal dose that could produce tumors (subsection 6). For these reasons, a number of expert reviews have concluded that the liver tumors observed in
	1. Background on Peroxisome Proliferation 
	It has been known for some years that certain substances – including some phthalate esters – produce a specific set of changes characterized as “peroxisomal proliferation” in livers of rats and mice following treatment at high levels. It also has been known for some years that chronic dietary administration of DEHP can produce liver tumors in rats and mice (Kluwe, 1982). A link between peroxisome proliferation and hepatocarcinogenesis in rats and mice, which was proposed 30 years ago (Reddy and Arzanoff, 19
	The research was substantially advanced by the work of Issemann and Green (1990) who showed that peroxisome proliferator activity is mediated through a specific receptor (the peroxisome proliferator-activated receptor α, or PPARα) and by the demonstration that a mouse strain which lacks this receptor (PPARα-null mice) does not express peroxisomal proliferation or develop liver tumors following treatment for 11 months with a strong peroxisome proliferating agent (Peters et al., 1997).23 These studies demonst
	23  Peters, et al. (1997) compared the response of PPAR-deficient and normal PPAR mice following long-term administration of a potent peroxisome proliferating agent. The PPAR mice developed a 100% incidence of liver tumors following test material administration whereas the PPAR-deficient animals failed to develop tumors and did not exhibit liver cell proliferation of any type or peroxisome proliferation. 
	23  Peters, et al. (1997) compared the response of PPAR-deficient and normal PPAR mice following long-term administration of a potent peroxisome proliferating agent. The PPAR mice developed a 100% incidence of liver tumors following test material administration whereas the PPAR-deficient animals failed to develop tumors and did not exhibit liver cell proliferation of any type or peroxisome proliferation. 

	There have been three particularly important reviews by independent scientific bodies of the evidence on peroxisome proliferation and its relationship to carcinogenic induction (IARC, 1995; Cattley et al., 1998; Klaunig et al., 2003). All three groups concluded that peroxisome proliferation-mediated rodent liver cancer has no practical significance to human health. 
	The first review was a 1994 working group of IARC which considered the relevance of peroxisome proliferation to humans as a generic mechanism (IARC, 1995). The IARC working group concluded that, when liver tumors in rats and mice were secondary to peroxisomal proliferation, this information could be used to modify the overall evaluation of the carcinogenicity data. One particular contribution by this group was to delineate the categories of 
	evidence that could be used to establish whether rodent liver tumors are the consequence of a peroxisomal proliferation process.  
	The second review was by an international consensus workshop organized by the ILSI Health and Environmental Sciences Institute in December 1995, to consider specifically whether peroxisome proliferating compounds pose a liver cancer hazard to humans (Cattley et al., 1998). The symposium included approximately 100 scientists from government agencies, academia and industry, including leading researchers in the field from the United States and Europe. The final report of the workshop states, "The conclusion wa
	In 2001, the ILSI Risk Science Institute (ILSI RSI) formed a workgroup to review the information that had become available since 1995 on the relationship of peroxisome proliferation and liver tumors in rodents. The results of a series of meetings of that workgroup are presented in a paper titled “PPARα Agonist-Induced Rodent Tumors: Modes of Action and Human Relevance” (Klaunig et al., 2003). DINP is one of the examples of a peroxisome proliferator discussed in the document. The workgroup concluded: 
	In summary, the weight-of-evidence overall currently suggests that the rodent [mode of action] for liver tumors is not likely to occur in humans, taking kinetic and dynamic factors into account. This conclusion is based upon evaluation of the existing body of evidence and would apply to the consequences of exposure to known examples of PPARα agonists.  
	(Klaunig et al., 2003, p. 693.) DINP is a known example of a PPARα agonist that was part of the basis for the workshop conclusions. Therefore, the conclusion of the ILSI RSI workgroup is that the liver tumors that occur in rodents treated with DINP are not likely to occur in humans. 
	Thus, there is consensus in the scientific community that peroxisome proliferators present, at most, a theoretical risk that could be expressed only under the most extreme conditions of exposure. The critical questions to evaluate the DINP data then become: (1) Is DINP a peroxisome proliferator; i.e., have the ILSI criteria been met? (2) Are the rodent liver tumors the consequence of a peroxisomal proliferation process, i.e., have the IARC criteria been met? (3) Is there any possibility of cancer, even unde
	2. DINP Is a Peroxisome Proliferator Under the ILSI Criteria 
	As stated above, the 1995 ILSI workshop developed criteria for determining whether rodent liver tumors are the consequence of a peroxisomal proliferation process. Table 4 of Cattley et al. (1998) (reproduced here as Table 2) sets forth the minimum database to support 
	characterization of a non-genotoxic hepatocarcinogenic substance as a peroxisome proliferator. DINP is a non-genotoxic substance as shown in Section II, above. DINP is a hepatocarcinogenic substance, as demonstrated by the observation of increased liver tumor incidence in rats and mice fed high doses of DINP (336 mg/kg/day in female mice; 700 to 900 mg/kg/day in male mice and in rats) (Moore 1998a; b). DINP also meets the criteria in Table 1, as shown in the text below. 
	Table 2. 
	Minimum database to support characterization of a nongenotoxic hepatocarcinogenic substance as a peroxisome proliferator (from Table 4, Cattley et al., 1998) 
	 
	Table
	TR
	TD
	Span
	Key Element 

	TD
	Span
	Criteria 

	TD
	Span
	Measure 

	Span

	Gross hepatic morphology 
	Gross hepatic morphology 
	Gross hepatic morphology 

	Hepatomegaly 
	Hepatomegaly 

	Increase in relative liver weight 
	Increase in relative liver weight 

	Span

	Peroxisomes 
	Peroxisomes 
	Peroxisomes 

	Peroxisome proliferation 
	Peroxisome proliferation 

	Increase in hepatocyte peroxisomes (V/V) by morphometry 
	Increase in hepatocyte peroxisomes (V/V) by morphometry 

	Span

	Cell proliferation 
	Cell proliferation 
	Cell proliferation 

	Enhanced replicative DNA synthesis 
	Enhanced replicative DNA synthesis 

	Increase in hepatocellular BrdU nuclear labeling by light microscopy 
	Increase in hepatocellular BrdU nuclear labeling by light microscopy 

	Span


	 
	  
	(1) Hepatomegaly: DINP treatment causes significant increases in liver weight in rats and mice as documented in BIBRA (1986), Barber et al. (1987), Lington et al. (1997), Moore (1998 a; b), Valles et al. (2003) and Smith et al. (2000). 
	(1) Hepatomegaly: DINP treatment causes significant increases in liver weight in rats and mice as documented in BIBRA (1986), Barber et al. (1987), Lington et al. (1997), Moore (1998 a; b), Valles et al. (2003) and Smith et al. (2000). 
	(1) Hepatomegaly: DINP treatment causes significant increases in liver weight in rats and mice as documented in BIBRA (1986), Barber et al. (1987), Lington et al. (1997), Moore (1998 a; b), Valles et al. (2003) and Smith et al. (2000). 


	 
	(2) Peroxisome Proliferation: That DINP produces peroxisomal proliferation in rats was first documented by Barber et al. (1987) and in the original study report (BIBRA, 1986). These reports also documented an increase in peroxisomal enzymes, also shown in Moore (1998a; b), Valles et al. (2003) and Smith et al. (2000). A study in mice demonstrated the dose-response relationship of DINP treatment to peroxisome proliferation, utilizing light microscopy, morphometric evaluation and peroxisomal enzyme induction 
	(2) Peroxisome Proliferation: That DINP produces peroxisomal proliferation in rats was first documented by Barber et al. (1987) and in the original study report (BIBRA, 1986). These reports also documented an increase in peroxisomal enzymes, also shown in Moore (1998a; b), Valles et al. (2003) and Smith et al. (2000). A study in mice demonstrated the dose-response relationship of DINP treatment to peroxisome proliferation, utilizing light microscopy, morphometric evaluation and peroxisomal enzyme induction 
	(2) Peroxisome Proliferation: That DINP produces peroxisomal proliferation in rats was first documented by Barber et al. (1987) and in the original study report (BIBRA, 1986). These reports also documented an increase in peroxisomal enzymes, also shown in Moore (1998a; b), Valles et al. (2003) and Smith et al. (2000). A study in mice demonstrated the dose-response relationship of DINP treatment to peroxisome proliferation, utilizing light microscopy, morphometric evaluation and peroxisomal enzyme induction 


	 
	(3) Cell Proliferation: The induction of cell proliferation by DINP treatment in rat and mouse liver was first documented by Moore (1998a; b) and subsequently confirmed by Smith et al. (2000) and Valles et al. (2003). The enhanced cell proliferation was observed in the same hepatic compartment (perivenous, zone 3), where peroxisome proliferation starts initially, clearly indicating that the cell proliferation was the consequence of peroxisomal proliferation (Valles et al., 2003; Kaufmann et al., 2002). 
	(3) Cell Proliferation: The induction of cell proliferation by DINP treatment in rat and mouse liver was first documented by Moore (1998a; b) and subsequently confirmed by Smith et al. (2000) and Valles et al. (2003). The enhanced cell proliferation was observed in the same hepatic compartment (perivenous, zone 3), where peroxisome proliferation starts initially, clearly indicating that the cell proliferation was the consequence of peroxisomal proliferation (Valles et al., 2003; Kaufmann et al., 2002). 
	(3) Cell Proliferation: The induction of cell proliferation by DINP treatment in rat and mouse liver was first documented by Moore (1998a; b) and subsequently confirmed by Smith et al. (2000) and Valles et al. (2003). The enhanced cell proliferation was observed in the same hepatic compartment (perivenous, zone 3), where peroxisome proliferation starts initially, clearly indicating that the cell proliferation was the consequence of peroxisomal proliferation (Valles et al., 2003; Kaufmann et al., 2002). 


	 
	Thus there are data from studies of DINP which satisfy the ILSI consensus criteria for peroxisomal proliferation. DINP produces liver tumors in rats and mice by a non-genotoxic process. All of the hallmark criteria for peroxisomal proliferation, i.e., liver enlargement, peroxisome proliferation and cell proliferation, have been shown to occur in both rats and mice by at least three independent laboratories. 
	We note that, while DINP does meet the criteria from the 1995 ILSI workshop (Cattley et al., 1998), the subsequent ILSI RSI workgroup update found that “the demonstration of PPARα agonism was sufficient to abrogate the necessity for some of the more rigorous (and technically 
	demanding) requirements determined by the previous working group” (Klaunig et al., 2003, p. 687). DINP is one example of a PPARα agonist used by the ILSI RSI workgroup to develop its conclusions (e.g., Klaunig et al., 2003, p. 667). 
	3. The DINP Liver Tumors Meet the IARC Criteria for Irrelevance to Humans              
	As stated above, IARC has reviewed the data on peroxisome proliferation and concluded that, when a tumor response in rats and mice is judged to be a consequence of peroxisome proliferation, the substance may be considered as not presenting a carcinogenic risk to man (IARC, 1995). IARC has in fact applied these criteria to determine that liver tumors in rodents treated with a phthalate are not relevant to humans. In February 2000, an IARC working group met to consider carcinogenicity data and other evidence 
	The criteria established by IARC to make the determination that the tumors are not relevant to humans are (IARC, 1995 at 12-13): 
	(a) Information is available to exclude mechanisms of carcinogenesis other than those related to peroxisome proliferation.  
	(b) Peroxisome proliferation (increases in peroxisome volume density or fatty acid -oxidation activity) and hepatocellular proliferation have been demonstrated under the conditions of the bioassay.  
	(c) Such effects have not been found in adequately designed and conducted investigations of human groups and systems. 
	The data for DINP meet all of these criteria. With respect to the first criterion, alternative mechanisms of carcinogenicity, IARC relies substantially on the same types of information considered by ILSI, i.e., is there evidence that peroxisomal proliferation does occur in the species which develop cancer and can a role for a genotoxic process be ruled out.24 (A genotoxic chemical is one that damages cellular DNA and may thereby trigger cancerous growth of the cell.) As described above, DINP does produce tu
	24  See, e.g., the IARC monograph discussion for DEHP (IARC, 2000, pp.116-121). 
	24  See, e.g., the IARC monograph discussion for DEHP (IARC, 2000, pp.116-121). 

	the electron microscopic evaluation in mice revealed, exclusively, findings related to peroxisome proliferation; no other degenerative findings on the subcellular level were observed in either sex (Kaufmann et al., 2002).  
	Ito et al. (2007) have proposed an alternative pathway for induction of liver tumors by another phthalate (DEHP) that is independent of PPARα activation. As discussed in Section IV.A.4.b, below, the limitations of the investigation using the mouse model employed by Ito et al. preclude this study as being sufficient to indicate there is a valid alternative mode of action of carcinogenesis other than that related to peroxisomal proliferation. Activation of CAR as a primary and independent pathway leading to t
	The second criterion requires that peroxisome proliferation and hepatocellular proliferation be demonstrated under the conditions of the bioassay. As indicated above, increases in peroxisomal volume density, fatty acid -oxidation and hepatocellular proliferation in livers of rats and mice treated with DINP have been documented (Barber et al., 1987; Moore, 1998a; b; Smith et al., 2000; Valles et al., 2003; Kaufmann et al., 2002). In the rat study (Moore, 1998a), the tumors appeared only at the highest dose 
	In the Moore mouse study, liver tumors were significantly increased in male mice given 4000 or 8000 ppm (approximately 740 and 1560 mg/kg/day) and in female mice given 1500, 4000 or 8000 ppm (approximately 336, 910 and 1888 mg/kg/day) in the diet for two years (Moore, 1998b). As defined by the study protocol, liver weights, peroxisomal enzyme induction and cell replication were examined in only the high dose group (8000 ppm) and the control, and all of these parameters were significantly elevated in the hig
	The third criterion requires evidence that peroxisome proliferation effects do not occur in “adequately designed and conducted investigations of human groups or systems." For this, IARC normally relies on data from studies in primates and/or human hepatocytes in culture. There have been two studies in non-human primates; in one of these DINP had no effects on the liver and showed no other evidence of peroxisome proliferation in marmosets following 90 days of treatment at levels up to 2500 mg/kg/day (Hall et
	In summary, DINP meets all three IARC criteria for identifying a peroxisome proliferator for which liver tumors in rodents are not relevant to humans. 
	In 2000, IARC reviewed the evidence for DEHP in light of its criteria and determined that the classification of DEHP should be changed from Group 2B (probable human carcinogen) to Group 3 (not classifiable as to carcinogenicity). IARC summarized its determination for DEHP as follows: 
	In making its overall evaluation of the possible carcinogenicity to humans of di(2-ethylhexyl) phthalate, the working group took into consideration that (a) di(2-ethylhexyl) phthalate produces liver tumours in rats and mice by a non-DNA-reactive mechanism involving peroxisome proliferation; (b) peroxisome proliferation and hepatocellular proliferation have been demonstrated under the conditions of the carcinogenicity studies of di(2-ethylhexyl) phthalate in mice and rats; and (c) peroxisome proliferation ha
	(IARC, 2000, p. 124.) 
	As shown above, the data for DINP completely parallel those for DEHP. 
	 DINP is not genotoxic (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). It produces peroxisome proliferation in rodent liver (Barber et al., 1987; Bird et al., 1986; Bio/Dynamics, Incorporated, 1982; Moore, 1998a;b; Smith et al., 2000; Kaufmann et al., 2002), but does not produce such effects in PPARα-deficient mice (Valles et al., 2003). 
	 DINP is not genotoxic (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). It produces peroxisome proliferation in rodent liver (Barber et al., 1987; Bird et al., 1986; Bio/Dynamics, Incorporated, 1982; Moore, 1998a;b; Smith et al., 2000; Kaufmann et al., 2002), but does not produce such effects in PPARα-deficient mice (Valles et al., 2003). 
	 DINP is not genotoxic (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). It produces peroxisome proliferation in rodent liver (Barber et al., 1987; Bird et al., 1986; Bio/Dynamics, Incorporated, 1982; Moore, 1998a;b; Smith et al., 2000; Kaufmann et al., 2002), but does not produce such effects in PPARα-deficient mice (Valles et al., 2003). 


	 Peroxisomal proliferation and hepatocellular proliferation have been demonstrated under the conditions of the carcinogenic studies of DINP (Moore, 1998a; b; Smith, et al., 2000; Kaufmann et al., 2002; Valles et al., 2003). 
	 Peroxisomal proliferation and hepatocellular proliferation have been demonstrated under the conditions of the carcinogenic studies of DINP (Moore, 1998a; b; Smith, et al., 2000; Kaufmann et al., 2002; Valles et al., 2003). 
	 Peroxisomal proliferation and hepatocellular proliferation have been demonstrated under the conditions of the carcinogenic studies of DINP (Moore, 1998a; b; Smith, et al., 2000; Kaufmann et al., 2002; Valles et al., 2003). 

	 Peroxisome proliferation has not been observed in cultured human hepatocytes treated with DINP or in hepatocytes from subhuman primates treated with DINP under both in vivo and in vitro conditions (Baker et al., 1996; Benford, et al., 1986; Hasmall, et al., 1999; Hall et al., 1999, Pugh et al., 2000; Kamendulis et al., 2002). 
	 Peroxisome proliferation has not been observed in cultured human hepatocytes treated with DINP or in hepatocytes from subhuman primates treated with DINP under both in vivo and in vitro conditions (Baker et al., 1996; Benford, et al., 1986; Hasmall, et al., 1999; Hall et al., 1999, Pugh et al., 2000; Kamendulis et al., 2002). 


	Therefore, for the same reasons IARC found that the liver tumors in rodents exposed to DEHP are not relevant to humans, the liver tumors observed in rats and mice exposed to high doses of DINP are not relevant for human hazard assessment. 
	4. Alternative Modes of Action for the Liver Tumors 
	Not only is there evidence that DINP induces peroxisomal proliferation in rats and mice, there is also direct evidence that induction of the peroxisomal functions is related to activation of the PPARα receptor. Clearly peroxisomal proliferation is the most plausible mode of action underlying the liver tumor response in rats and mice (Klaunig et al., 2003). Some have speculated on potential alternative pathways and targets whereby PPARα agonists could act via an independent and alternative mode of action lea
	a. DINP Data  
	Since DINP is not genotoxic, the liver tumors could not have been initiated by a direct interaction with DNA. Therefore, the tumors must have been due to a secondary process related to cellular injury in the organ. There is no histologic evidence in the rodent studies for any liver changes other than those associated with peroxisomal proliferation. This was also confirmed by electron microscopy in mice, which revealed no other degenerative changes on the subcellular level (Kaufmann et al., 2002). In particu
	b. DEHP Data 
	There are four non-exclusive hypotheses to explain the carcinogenic effects of peroxisome proliferators; (i) that oxidative stress related to induction of peroxisomal enzymes 
	leads to malignant transformation, (ii) that enhanced replicative synthesis facilitates the expression of these (or spontaneously) transformed cells, (iii) that inhibition of apoptosis prevents transformed cells from being removed by normal homeostatic mechanisms and/or (iv) these in combination (Peters et al., 2000). The sufficiency of these processes to explain the carcinogenic response is consistent with current theoretical models.  
	The empirical evidence comes from a study in which a mouse strain lacking PPARα (i.e., PPARα-null mouse) did not have elevated levels of peroxisomal enzymes or enhanced cell replication and did not develop liver tumors following treatment with a potent peroxisome proliferating agent Wy-14,643 (Peters et al., 1997). Similarly, PPARα-null mice treated with high levels of DEHP (12,000 ppm) for six months developed no liver lesions, in comparison to significant liver lesions in wild-type mice (Ward et al., 1998
	On the basis of the strong body of evidence demonstrating that DEHP causes cancer in rodents via the PPARα mode of action and that that mode of action is unlikely to operate in humans, IARC and ILSI have determined that liver tumors in rodents treated with DEHP are not relevant for assessment of human cancer hazard from DEHP (IARC, 2000; Klaunig et al. (2003).25 Despite these expert body determinations, some recent papers propose alternative mode of actions for induction of liver tumors by DEHP that are ind
	25  “The data lead to a conclusion that a carcinogenic response induced via the MOAs for liver tumorigenesis in the rodent is not likely to occur in humans following exposure to DEHP.” Klaunig et al. (2003) at 704. “[T]he mechanism by which di(2-ethylhexyl) phthalate increases the incidence of hepatocellular tumours in rats and mice is not relevant to humans.” IARC (2000) at 124. 
	25  “The data lead to a conclusion that a carcinogenic response induced via the MOAs for liver tumorigenesis in the rodent is not likely to occur in humans following exposure to DEHP.” Klaunig et al. (2003) at 704. “[T]he mechanism by which di(2-ethylhexyl) phthalate increases the incidence of hepatocellular tumours in rats and mice is not relevant to humans.” IARC (2000) at 124. 

	We stress that there is no evidence from DINP studies that would support a theory that DINP could operate via these alternative mode of actions. However, because DINP and DEHP both cause tumors in rodents by the same PPARα mode of action, we address these proposed alternatives below. We also address the work of Yang et al. (2007) regarding the sufficiency of the PPARα mode of action to explain the rodent tumors. 
	Kupffer Cell Initiation  
	 
	An early alternative proposal to the PPARα-mediated mode of action was that Kupffer cells initiated the proliferation response through production of tumor necrosis factor alpha (TNFα) by a process independent of PPARα (Rose et al., 1999). However, more recent data has shown that rodent liver hepatocytes respond to Kupffer cell-derived TNFα through mode of actions dependent on expression of PPARα in parenchymal cells (Peters et al., 2000), and the ILSI RSI workgroup identified Kupffer cell-mediated events as
	Oxidative Stress (Ito et al., 2007) 
	 
	Ito et al. (2007) compared the effects of long-term dietary exposure of up to 0.05% DEHP on liver toxicity of wild type (+/+) and PPARα null (-/-) mice. They used a knockout PPARα -/- mouse strain, produced according to the method published by Lee et al. (1995), which is designed to cause both PPARα alleles in the mouse to be replaced by inactivated alleles, using the homologous recombination technique. Four biological endpoints were assessed after 24 months of treatment; the endpoints were referred to as: 
	On the basis of their data, Ito et al. proposed an alternative mode of action for DEHP induced liver tumors independent of PPARα activation: DEHP-induced oxidative stress in mouse hepatocytes leading to inflammation and the activation of protooncogenes. However, several factors bring into question the utility of this paper for assessing DEHP (or by read-across, DINP) rodent carcinogenicity and the role (or lack of a role) of PPARα.  
	PPARα Null Mouse Model  
	Ito et al. reported the use of a PPARα null mouse strain produced according to a method published by Lee et al. (1995). The Lee et al. knockout mouse had both PPARα alleles replaced using the homologous recombination technique. It should be noted that in a knockout model, the possibility that other genes overlap with the PPARα function cannot be eliminated. Lee et al. were able to demonstrate that their PPARα mice no longer had detectable levels of the PPARα gene, mRNA or protein via the Southern, Northern 
	 Survival Rates 
	Ito et al. reported percent survival for the control (i.e., 0% DEHP) wild type mice and the PPARα null mice through 23 months to be 96%. This survival rate is significantly higher than that earlier reported by Howroyd et al. (2004), where the percent survival for 22 wild-type and 12 null mice at 23 months were ~60% and 35%, respectively. As Ito et al. and Howroyd et al. both cite the same laboratory and background for their mice, the mice used by the two research groups apparently are from the same stock co
	 Liver Weight 
	Ito et al. reported no significant effect on bodyweight or liver weight in either the wild or the null mice. However, the data suggest a trend towards an increase in liver weight for the PPARα -/- (null) animals, especially the 0.05% DEHP exposed group (+/+ mean = 1.27g ±0.18; -/- mean = 1.78g±0.84). A trend of increased liver weight was not observed in the wild mice. In addition, the data indicate that peroxisome proliferation was not occurring in the wild-type mice at the doses tested. These results are t
	 8-hydroxy-2’-deoxyguanosine (8-OHdG) Levels 
	As indicated above, 8-OHdG is a marker of oxidative damage to DNA. Ito et al. reported that DEHP treatment dose-dependently increased 8-OHdG levels in the livers of both PPARα null mice and wild-type mice; however, the degree of increase was greater in the null mice. This could be a reflection of the fact that levels of 8-OHdG were significantly higher in the PPARα null control (i.e., 0% DEHP) mice than the wild-type control mice, which would indicate that the PPARα null mice suffered from an increased hepa
	Although previous research has suggested that oxidative DNA damage is a PPARα dependent event (Rusyn et al., 2004), the Ito data suggest that mice fundamentally have increased oxidative damage even in the absence of PPARα. As oxidative stress increases and 8-OHdG accumulates, DNA repair is induced as a compensatory mechanism in the wild-type animal. Chronic treatment with peroxisome proliferators, including DEHP, has induced increased repair in both rat and mouse liver (Rusyn et al., 2000). Ito et al. demon
	 Tumors 
	Ito et al. reported that a statistically significant increase in the number of liver tumors (i.e., hepatocellular carcinomas, hepatocellular adenomas and cholangiocarcinomas) from 2-8 (10-25.8%) was seen between the wild type and null mice fed the top dose DEHP diet (p<0.05). This was mostly due to a jump from 2 to 6 in hepatocellular adenoma (i.e., benign tumors) incidence between these two groups. Statistical significance was reached only when the total numbers of tumors were combined. Ito et al. discuss 
	The utility of these data is limited in that a number of reports have indicated that aged (e.g., 24 month) PPARα-null mice are more vulnerable to tumorigenesis than wild-type mice, due to fundamental mechanistic differences in the two types of mice (Mandard et al., 2004; Kostadinova et al., 2005; Balkwill and Couseens, 2005; Pikarsky et al., 2004; Takashima et al., 2008).  
	Howroyd et al. (2004) compared age-dependent lesions in the liver, kidney and heart in PPARα-null mice with those observed in wild-type SV129 mice, in the absence of any chemical treatment. (SV129 is also the strain used by Ito et al.) Various non-neoplastic spontaneous aging lesions occurred at higher incidence, shorter latency, or increased severity in PPARα-null mice compared with wild-type mice. In addition, a greater number of hepatocellular carcinomas and multiple hepatocellular adenomas were seen in 
	Takashima et al. (2008) examined gene expression profiles of hepatocellular adenoma tissues as well as control livers of wild-type and PPARα null mice. The genes identified and hypothesized to contribute to spontaneous tumorigenesis (i.e., Gadd45a and caspase 3-dependent apoptosis genes) in the null mice were unique to the null mice. These data indicate that the underlying biology between the wild-type and knock out mice differs. These fundamental differences complicate the interpretation and explanation of
	On the basis of the null-mouse data, Guyton et al. (2009) have suggested that a mode of action independent from PPARα may contribute to tumorigenesis. However, Guyton et al. attempted to compare chemically induced tumor incidences across strains of mice (e.g., SV129 vs. B6C3F1). Such comparison may be confounded by the strain-specific susceptibility to spontaneous tumorigenesis (Krupke et al., 2008).26 
	26  Mouse Tumor Biology Database (MTB), Mouse Genome Informatics, The Jackson Laboratory, Bar Harbor, Maine, http://www.informatics.jax.org/. 
	26  Mouse Tumor Biology Database (MTB), Mouse Genome Informatics, The Jackson Laboratory, Bar Harbor, Maine, http://www.informatics.jax.org/. 

	Importantly, with respect to DINP, literature searches reveal no reports that DINP induces production of reactive oxygen species in livers of rodents, humans or non-human primates, or in cultured liver cells from these species.  
	For all the above reasons, the Ito et al. (2007) data are not sufficient to indicate that, for DINP, there is a valid alternative mode of action resulting in liver tumors in rodents other than that related to peroxisomal proliferation. 
	Other Nuclear Receptors, including CAR 
	 
	Another suggestion is that peroxisome proliferator agonists induce effects in the liver through nuclear receptors other than PPARα. Under this hypothesis, such activation of other receptors potentially represents a secondary mode of action contributing to liver tumorigenesis. 
	Gonzalez et al. (1998) concluded that all peroxisome proliferators are likely to cause tumors through activation of PPARα, and not via other nuclear receptors, including PPAR or PPAR. The activity of PPARα is not the same in humans as in rodents. There is only one function related to PPARα activation in rodents which is also expressed in humans – fatty acid metabolism – and that proceeds by different pathways in these species. As reviewed by Vameq and Latruffe (1999), PPAR is involved in adipocyte differ
	More recently, activation of the constitutive activated/androstane receptor (CAR) and/or pregnane X receptor (PXR) have been suggested as alternative pathways. CAR and PXR regulate an overlapping set of xenobiotic metabolizing enzymes (XMEs), including members of the cytochrome P450 (Cyp) 2b and 3a families and genes associated with growth regulation in the rat and mouse liver (Nelson et al., 2006).  
	Of particular interest is CAR, an orphan nuclear receptor which regulates the expression of XMEs and transport proteins in response to exposure to xenobiotics. CAR received its name because of its high constitutive activity, and, when it was originally cloned, it was thought to be a permanent resident of the nuclear compartment; an observation made in a cell line (Baes et al., 1994). However, further work in primary hepatocytes indicates that, in its inactive state, CAR is localized to the cytosol and only 
	Transactivation assays have shown that the phthalate DEHP and its primary metabolite monoethylhexyl phthalate (MEHP) can activate mouse CAR and PXR. In the presence of an inverse agonist to increase assay sensitivity, MEHP was demonstrated to activate mouse CAR approximately 2-fold above control in an in vitro luciferase reporter assay (Baldwin and Roling, 2009). MEHP was also shown to activate mouse PXR (Hurst and Waxman, 2004). In a transactivation assay designed to measure mRNA expression of the CAR targ
	predominantly to MEHP. The significance of the in vitro DEHP-induced activation becomes questionable due to the influence of this rapid metabolism in vivo. 
	The PPARα independent biological events underlying the observed DEHP-induced mouse liver tumors in PPARα-null mice (Ito et al., 2007) may involve activation of CAR. The contribution of CAR-regulated gene expression changes in wild-type and PPARα null mice was recently investigated (Ren et al., 2010; Rosen et al., 2008). Wild-type and PPARα null mice were given a daily gavage dose of 200 mg/kg or 1150 mg/kg DEHP for 4 days. A dose of 200 mg/kg is comparable to the 0.05% dose of DEHP used by Ito et al. (2007)
	These data suggest that DEHP/MEHP activates CAR; however, the data do not elucidate whether this occurs via direct ligand binding or through some indirect pathway activation. Questions also remain as to the dominance of this pathway in a wild-type animal. These early studies indicate that CAR activation is a minor pathway affected by MEHP and this activation would, in essence, be “swamped out” by the activation of PPARα and its ensuing effects. The minor contribution of DEHP-induced CAR activation to liver 
	To date, there has only been one study which investigated the ability of DEHP and MEHP to activate human CAR (DeKeyser et al., 2009). In human livers, the CAR gene expresses a number of differentially spliced mRNA transcripts, (Savkur et al., 2003; Arnold et al., 2004; Jinno et al., 2004; Lamba et al., 2004). The CAR2 splice variant, which lacks constitutive activity, is expressed at approximately 30% of the reference transcript level in human hepatocytes (Xu et al., 2004; DeKeyser et al., 2009). The CAR2 t
	Although CAR2 was not seen to be conserved across species (e.g., rat, mouse and marmoset), CAR1, the predominant nuclear hormone receptor in rodents and humans, is conserved. In a mammalian two-hybrid system set up to test human CAR1 affinity, DEHP was only a weak competitor of the inverse agonist androstanol at 10uM; the same result was obtained when mouse CAR was tested (DeKeyser et al., 2009). Unfortunately, MEHP was not tested for affinity to either human or mouse CAR1. These data suggest that if DEHP a
	The same study also showed, in primary human hepatocytes, 50 uM DEHP up-regulated the two predominant genes regulated by CAR, CYP2B6 and CYP3A4 (DeKeyser et al, 2009). This up-regulation is likely a net effect of DEHP-induced activation of PPARα, PXR and possibly CAR. It is not direct evidence for CAR activation in human primary hepatocytes. 
	There are currently no in vivo or in vitro human data regarding DINP binding to or indirect activation of CAR-regulated genes.  
	In summary, the available data on phthalate-induced activation of CAR and the formation of rodent liver tumors indicates that (1) only in the absence of PPARα (i.e., PPARα-null mice); does chronic activation of CAR contribute significantly to the low level of liver tumors observed (2) DEHP and/or MEHP activates CAR in rodents, but this is a minor pathway and would, in essence, be “swamped out” by the activation of PPARα and its ensuing effects in wild-type animals; and (3) CAR is not conserved across specie
	Sufficiency of PPARα to Cause Liver Tumors (Yang et al., 2007) 
	 
	Yang et al. (2007) have conducted research that does not provide an alternative mode of action for the rodent livers tumors, but from which they speculate that the PPARα mode of action is not sufficient to explain the tumorigenesis. However, the results of this study must be interpreted with caution. Questions about the study must be addressed before it can be considered a serious challenge to the prior conclusions of expert body reviews on rodent liver tumor formation from treatment with PPARα agonists. 
	Yang et al. created a transgenic mouse model, termed LAP-V16 PPARα, which displays a constitutively active PPARα restricted to hepatocytes.27 Because the animals are not in a 
	27  The potent viral transcriptional activator VP16 was fused to the mouse PPARα cDNA construct to create a transcription factor that constitutively activates PPARα responsive genes in the absence of ligands (Yang et al., 2006). Transgenic mice were produced whereby inducible expression of the VP16 PPARα transgene was targeted to hepatocytes using the tetracycline regulatory system under the control of the liver enriched activator protein promoter (LAP). 
	27  The potent viral transcriptional activator VP16 was fused to the mouse PPARα cDNA construct to create a transcription factor that constitutively activates PPARα responsive genes in the absence of ligands (Yang et al., 2006). Transgenic mice were produced whereby inducible expression of the VP16 PPARα transgene was targeted to hepatocytes using the tetracycline regulatory system under the control of the liver enriched activator protein promoter (LAP). 

	PPARα-null background, they also express endogenous PPARα in multiple tissues; including the liver.  
	For the most part, the LAP-V16 PPARα mice exhibited molecular and cellular responses similar to that of wild-type mice fed the potent PPARα agonist WY-14,643.28 The major difference between the LAP-V16 PPARα transgenic animals and the wild-type mice was the absence of liver tumors in aged, 1 year, LAP-V16 PPARα mice. Unlike the wild type mice in the chronic feeding study with WY-14,643, which exhibited a hepatic tumor incidence rate of 100%, the LAP-V16 PPARα transgenic animals did not exhibit any grossly v
	28  Hepatomegaly was observed in the LAP-V16 PPARα mice, but at a much lower extent when compared to wild-type mice treated with WY-14,643 for 2-weeks. Histological examination revealed that the wild-type mice treated with WY-14,643 had hepatocyte hypertrophy while the LAP-V16 PPARα did not. The LAP-V16 PPARα mice exhibited similar expression levels of a few PPARα target genes involved with peroxisomal, mitochondrial and microsomal fatty acid catabolism as compared to wild-type mice treated with WY-14,643. 
	28  Hepatomegaly was observed in the LAP-V16 PPARα mice, but at a much lower extent when compared to wild-type mice treated with WY-14,643 for 2-weeks. Histological examination revealed that the wild-type mice treated with WY-14,643 had hepatocyte hypertrophy while the LAP-V16 PPARα did not. The LAP-V16 PPARα mice exhibited similar expression levels of a few PPARα target genes involved with peroxisomal, mitochondrial and microsomal fatty acid catabolism as compared to wild-type mice treated with WY-14,643. 

	As stated, the results of this study must be interpreted with caution. The authors of the study created the transgenic mice by introducing the LAP-V16 PPARα transgene in a wild-type (129/Sv) background. In LAP-V16 PPARα animals, the viral coactivator V16 functions by recruiting coactivator complexes, including histone acetyltransferases, to the vicinity of PPARα dependent genes (Herrera and Triezenberg, 2004). The over-expression of PPARα results in an increased likelihood that the protein, based on sheer q
	Perhaps the biggest drawback for the study is that no attempt to distinguish global changes in gene expression between ligand-exposed wild-type mice and the constitutively active transgenic animals is made. Without this key piece of information, it is not possible to have confidence in the transgenic model as a surrogate for ligand activation of PPARα. Furthermore, this information would shed light on the observed differences between the transgenic animals and the wild-types. Another issue not addressed in 
	* * * * * 
	 
	Thus, while there have been some recent papers that suggest alternative mode of actions, significant questions about the studies detract from their plausibility. There is no mode of action other than a PPARα process that provides a plausible mode of action for the liver tumors observed in DINP-treated rodents. Even if the speculated alternative processes do occur, the weight of the evidence is that the PPARα process is predominant and necessary for rodent hepatic tumor formation. 
	5. The PPARα Mode of Action Does Not Operate in Humans 
	Having established that the mode of action by which DINP causes liver tumors is PPARα-mediated, one could ask whether there is a theoretical possibility that tumors could arise in humans as a consequence of a peroxisome proliferation-mediated response. The evidence indicates that the answer to this question is no. There are notable species differences with respect to peroxisome proliferation and the induction of liver tumors from PPARα agonists. Rodents such as rats and mice readily exhibit peroxisomal prol
	a. PPARα Expression and Activation in Rodents and Humans 
	The demonstration that activation of PPARα was an absolute requirement in the induction of lesions leading to tumor formation (Ward et al., 1998) established a basis for species differences; levels of PPARα in humans are substantially lower than they are in rodents. Palmer et al. (1998) have shown that humans have less than one-tenth the level of PPARα expression observed in mice. These reduced levels appear to be the result of lower transcription rates, inefficient pre-messenger RNA splicing, or both (Palm
	In addition to the reduced levels of PPARα in humans, there is strong evidence that there are additional factors which prevent the expression in humans of the PPARα-mediated functions which play a role in rodent cancer. Woodyatt et al. (1999) showed that, although human PPARα could bind peroxisome proliferating agents (PP-agents) and that this complex could drive transcription of the acetyl co-enzyme A (ACO) in mouse cells, it could not drive transcription of this gene in human cells. In fact, the activity 
	29  In rodents, lipid metabolism is mediated by peroxisomal enzymes, specifically acetyl CoA oxidase (ACO), whereas human lipid metabolism is mediated through alterations in gene expression of the major high density apoliproteins, apoAI, apoAII and apoCIII as well as lipoprotein lipase (LPL) (reviewed in Vamecq and Latruffe, 1999). Roberts and coworkers (Lambe et al, 1999; Woodyatt et al., 1999) have shown that the human peroxisome proliferation response element (PPRE) differs in sequence from that of the r
	29  In rodents, lipid metabolism is mediated by peroxisomal enzymes, specifically acetyl CoA oxidase (ACO), whereas human lipid metabolism is mediated through alterations in gene expression of the major high density apoliproteins, apoAI, apoAII and apoCIII as well as lipoprotein lipase (LPL) (reviewed in Vamecq and Latruffe, 1999). Roberts and coworkers (Lambe et al, 1999; Woodyatt et al., 1999) have shown that the human peroxisome proliferation response element (PPRE) differs in sequence from that of the r

	transcription of the human ACO gene sequence (Woodyatt et al., 1999). Conversely, there are also differences between humans and rats in the sequence of the ApoA1 gene promoter; the human gene is activated by hypolipidemic agents whereas the rat gene sequence is not (Vu-Dac et al., 1998). Thus, the lack of expression of residual peroxisomal function in primates and cultured human cells seems to be a consequence of differences between humans and rats at the transcriptional level in control of lipid metabolism
	transcription of the human ACO gene sequence (Woodyatt et al., 1999). Conversely, there are also differences between humans and rats in the sequence of the ApoA1 gene promoter; the human gene is activated by hypolipidemic agents whereas the rat gene sequence is not (Vu-Dac et al., 1998). Thus, the lack of expression of residual peroxisomal function in primates and cultured human cells seems to be a consequence of differences between humans and rats at the transcriptional level in control of lipid metabolism

	was interindividual variability in human PPAR sequences and wondered whether that could lead to individuals at increased risk. However, the identified human PPARα variants have been either inactive (Woodyatt et al., 1999) or dominant negative suppressors (Gervois et al., 1999). Thus, the interindividual variability which has been identified has tended to reduce effective PPARα levels in humans rather than to increase them. Further, Lawrence et al. (2001) tested this hypothesis directly with human cell lines
	Thus, since the 1990’s, the data have indicated that there are both quantitative and qualitative differences between rodents and humans. The data shows that the levels of PPARα in humans are at least an order of magnitude below those found in rodents. Further, although some fraction of human PPARα can bind agonists and is active when tested with rodent receptors, the evidence suggests that it does not lead to transcription of similar functions in humans. Specifically, MEHP has been shown to be a less avid a
	There also was been inferential evidence from the late 1990’s that the PPARα-related functions related to rodent liver carcinogenicity are not expressed in humans. A review article by Gonzalez et al. (1998) noted that the mechanisms of rodent liver carcinogenicity associated with peroxisome proliferation included oxidative stress (which the authors associated with expression of peroxisomal enzyme induction) and enhanced cell proliferation. They also believed there to be a role for apoptosis (programmed cell
	Since the publication of that table, the two question marks in the human column have been answered. Apoptosis in human hepatocytes has been shown to be unaffected by DINP (Hasmall et al., 1999), and PPARα activation seems to have no role in inflammatory processes in humans (Vameq and Latruffe, 1999). In addition, the positive hypolipidemic effects in humans have been shown to occur by a process which is different from that which is active in rats and mice (Vameq and Latruffe, 1999). 
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	Comparison of Human and Rodent Expression of PPARα-Related Functions 
	 (from Table 2 in Gonzalez et al., 1999) 
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	b. PPARα Function and Expression in Humanized Mouse Models 
	To decipher the molecular differences between the human and mouse PPARα, several mouse models that only express human PPARα have been created (Cheung et al, 2004; Morimura et al, 2006; Yang et al, 2008). These models indicate that the observed species differences could potentially be attributable to differential changes in gene expression and further emphasize the difference between humans and rodents in the response to peroxisome proliferators. Unlike wild-type mice, liver-specific humanized PPARα mice do 
	The first humanized PPARα (hPPARα) mouse model was reported by Cheung et al. (2004); subsequently used by Morimura et al. (2006). This transgenic model specifically expresses the human receptor in the liver of PPARα null mice. To generate this model, hPPARα was placed under the control of the Tet-Off system of doxycycline control with the liver-specific LAP1 promoter; leading to constitutive expression of hPPARα in the absence of doxycycline only in the liver and not in any other tissues.  
	The expression level of hPPARα in this model was comparable to the wild-type mouse PPARα (mPPARα). Treatment of the hPPARα transgenic mice with either WY-14,643 or fenofibrate, two well known PPARα agonists, resulted in the induction of peroxisomal lipid-metabolizing enzymes; demonstrating that the hPPARα is functionally active. Wild-type mice treated with the PPARα agonists showed a marked hepatomegaly that was due to enhanced cell proliferation as well as cell hypertrophy resulting from an increase in the
	peroxisomes. In contrast, the hPPARα transgenic mice did not exhibit any hepatocellular proliferation nor did they have an induction of the cell cycle genes typically associated with proliferation. More importantly, the hPPARα transgenic mice were found to be resistant to WY-14,643 induced hepatocarcinogenesis after 11 months of treatment; which is in direct contrast to the 100% incidence rate observed in the wild-type mice which had both hepatocellular adenomas and carcinomas (Morimura et al, 2006).  
	A second humanized transgenic mouse model was created by Yang et al. (2008) in which the human PPARα gene isolated from a PAC genome library, with 5’ and 3’ flanking sequences spanning approximately 100 kilobases (kb) upstream of exon 1 and 28 kb downstream of exon 8, was introduced into transgenic mouse founders that were further bred with PPARα-null mice, resulting in a mouse model that only expressed the hPPARα gene.  
	Initial experiments showed that the expression patterns and relative expression amount of hPPARα in the transgenic animals were identical to wild-type mice; hPPARα was expressed in organs or tissues with high fatty acid catabolism as expected. Responsiveness of the hPPARα transgenic model was also similar to wild-type animals in that hPPARα responsive gene and protein levels were up-regulated by overnight fasting. Furthermore, following two weeks of fenofibrate treatment, a robust induction of genes encodin
	Hepatomegaly was observed in hPPARα transgenic mice following 2 weeks of exposure to WY-14,643. However, the extent of hepatomegaly was markedly lower than in wild-type mice. Peroxisome proliferation was also noted in both the transgenic mice and wild-type mice. A significant difference in hepatic gene expression was noted between the wild-type and transgenic mice; more genes were induced by WY-14,643 in wild-type mice as compared to the transgenic mice. Additionally, the expression of pri-let-7C and mature
	In conclusion, the recent work with humanized mouse models provides insight into the notable species differences with respect to peroxisome proliferation and the induction of liver tumors from PPARα agonists. The use of humanized PPARα transgenic mouse models suggests that the differences could potentially be attributable to differential changes in gene expression. Further emphasizing the difference between humans and rodents in the response to peroxisome proliferators is that humanized PPARα mice do not de
	c. Empirical Data  
	From the foregoing, the most plausible interpretation consistent with the data is that the PPARα-mediated functions associated with carcinogenic induction in mice and rats are not 
	expressed in humans. A large body of empirical evidence which is consistent with that view supports this assertion.  
	In primate in vivo studies, high doses of DINP do not produce liver changes of any kind. Hall et al. (1999) administered of 2500 mg/kg/day DINP to marmosets for 13 weeks and reported no pathological changes in liver, kidneys or testes. In addition, the Hall et al. study showed that DINP treatment did not induce peroxisomal proliferation and had no effects on levels of peroxisomal enzymes in marmosets, at levels well above those associated with effects in rats and mice. These results were confirmed by Pugh e
	Similarly, under in vitro conditions, DINP increased replicative DNA synthesis and suppressed apoptosis in rodent hepatocytes but not in human cells (Hasmall et al., 1999). MINP, the monoester metabolite of DINP, had no effects on peroxisomal enzyme levels in either human or primate hepatocytes in culture (Benford et al., 1986; Kamendulis et al., 2002), nor on GJIC (which is associated with peroxisome proliferation) in human hepatocytes and a human liver cell line (Baker et al., 1996). 
	d. Clinical and Epidemiological Data 
	Support for the conclusion that the PPARα mode of action does not operate in humans is provided by studies of human beings treated with members of the fibrate family of drugs. Fibrates are therapeutic agents which were developed to treat hyperlipidemia and are PPARα agonists. Members of this family of pharmaceutical agents have varying degrees of affinity for PPARα. Some human data on PPARα agonist effects are available from several clinical trials and population case-control studies pertaining to fibrate p
	In the Helsinki Heart Study, a total of 4081 men aged 40–55 with elevated serum cholesterol were treated with either gemfibrozil or placebo for a 5-year period (Frick et al., 1987; Huttunen et al., 1994). Despite a significant lowering of serum lipids which prevented coronary heart disease in the gemfibrozil-treated group, no differences in total death rate or liver cancer incidence were observed between treatment groups. However, liver cancer incidence was not reported as a single endpoint; the incidence w
	than 50% in PPARα agonist-treated rodents (Ashby et al., 1994; Bentley et al., 1993; Lake, 1995a, 1995b; Reddy and Lalwani, 1983).  
	The other randomized clinical trial was conducted over a total of thirteen years by the World Health Organization (WHO) to determine whether clofibrate would lower the incidence of ischemic heart disease (IHD) in men. It was carried out in 15,745 men with a treatment group and two control groups (one high and one low cholesterol level) of about 5000 men each (Committee of Principal Investigators, 1978). The average treatment period was 5.3 years and follow-up reports were provided 4.3 and 7.9 years after th
	Similar to the Helsinki Heart Study, no specific data on the incidence of liver cancer was provided for the WHO study. It should be noted that in this final follow-up study there was an excess of only 12% deaths from all causes other than IHD, compared with 25% in the earlier studies of that cohort. Furthermore, the proportional differences between the treated group and the control groups in the final follow-up study was diminished for malignant disease but increased for nonmalignant diseases. The results i
	Finally, a limited epidemiological study showed no evidence of increased cancer risk as a result of fibrate therapy (Law et al., 1994). (As with the clinical trials, cancer incidence is not reported specifically for liver cancer.) If PPARα acts in humans in a similar manner as in rodents, it would be expected that there would at least been an effect such as hepatomegaly observed in these clinical and epidemiological studies, but it was not.  
	Thus, these studies are consistent with the other strong evidence that the PPARα mode of action which causes cancer in rodents is not relevant for assessing human cancer hazard from PPARα agonists. Despite some limitations in data analysis (i.e., not reporting single-endpoint organ data), these studies suggest that chronic administration with PPARα agonists does not increase cancer risk in humans.  
	These studies add to the weight-of-evidence given by the human and primate data discussed above that DINP is unlikely to cause liver tumors in humans.  
	6. Even if DINP Could Cause Peroxisome Proliferation in Humans,  Human Internal Dose Levels Cannot Reach Carcinogenic Levels 
	The foregoing makes clear that the liver tumors observed in rodents treated with DINP simply are not relevant to humans. However, even assuming it were possible for DINP to cause some peroxisome proliferator response in humans, there is no conceivable scenario under which humans could be exposed to sufficient amounts of DINP to cause liver tumors. Because of differences between primate and rodent absorption of DINP, internal doses equivalent to those required to produce tumors in rodents simply cannot be ac
	The ILSI RSI workgroup concluded that, for PPARα agonists in general, taking into account kinetic and dynamic factors, the animal mode of action is not plausible in humans (Klaunig et al., 2003, pp. 691-693). This is specifically demonstrated by phthalate data on differences in absorptive capacity between rodents and primates, which demonstrate that the relatively high internal doses associated with effects in rodents cannot be achieved in humans.  
	The rodent data indicate that approximately 50% of orally administered DINP is absorbed as the corresponding monoester at dose levels up to 500 mg/kg per day (mg/kg/day) (Lington et al., 1985; El-Hawari, et al., 1985; 1983). Data from studies of absorption of DEHP in rodents indicate that this relationship is preserved at even higher treatment levels (Rhodes et al., 1986). Primates, however, respond very differently. Data from studies with DEHP in both the marmoset (Rhodes et al., 1986) and cynomolgus monke
	Comparative dosimetry studies (Pugh et al., 2000) indicate that DINP is even more poorly absorbed by primates than DEHP. Studies with volunteers also indicate that humans absorb a much lower fraction of the dose than rodents for doses up to 500 ug/kg (Anderson et al., 2001).30 These data emphasize that consideration of the likely internal dose, based on toxicokinetic considerations, is crucial to an evaluation of the potential for toxicological effects in humans from DINP exposures. In other words, absorpti
	30  Koch et al. (2005) reported surprisingly high absorption of DEHP in a single human volunteer; however, it appears the experimental conditions may have allowed for additional DEHP exposure form the environment during the sampling period. To our knowledge, this anomalous result is not corroborated by any other publication. The results of the ECPI study (discussed in the cover letter to this submission) will provide further data, specifically for DINP as well as DEHP. 
	30  Koch et al. (2005) reported surprisingly high absorption of DEHP in a single human volunteer; however, it appears the experimental conditions may have allowed for additional DEHP exposure form the environment during the sampling period. To our knowledge, this anomalous result is not corroborated by any other publication. The results of the ECPI study (discussed in the cover letter to this submission) will provide further data, specifically for DINP as well as DEHP. 

	The lowest DINP dose that has been associated with tumor induction is 336 mg/kg/day in female mice with effects in other species and sexes occurring at levels ranging from approximately 700 to 900 mg/kg/day (Moore, 1998a; b). As stated above, the maximum level 
	absorbed by primates corresponds to a rodent level of 150-200 mg/kg, well below the dose required to induce tumors in the more sensitive rodents. Thus, the evidence indicates that, regardless of the level of exposure, humans could never absorb enough DINP to achieve the internal doses associated with liver tumors in rodents. That the doses which can be achieved in humans would not pose any concern is indicated by the fact that 2,500 mg/kg/day for 13 weeks produced no liver effects whatsoever in marmosets (H
	In summary, there is strong evidence that the PPARα mode of action which is responsible for liver tumors in DINP-treated rodents is not operable in humans. However, even if PPARα in humans did respond to DINP in a manner similar to rodent PPARα, it simply is not possible for humans to achieve sufficient doses of DINP to result in liver tumors. 
	7. Expert Body Reviews Have Concluded that the Rodent Liver  Tumors in DINP Studies Are Not Relevant to Humans       
	The CPSC CHAP concluded “that DINP causes liver cancer in rodents by a PPARα-mediated mechanism that is pronounced in rodents and believed not readily induced in humans, especially at doses resulting from current use of consumer products” (CPSC, 2001, p. 122). Subsequently, the CPSC staff, using the CHAP report and the report of the ILSI workshop, “concluded that DINP, which is a peroxisome proliferator, is not likely to present a cancer risk in humans” (CPSC, 2003).  
	The ILSI RSI workgroup concluded: 
	In summary, the weight-of-evidence overall currently suggests that the rodent [mode of action] for liver tumors is not likely to occur in humans, taking kinetic and dynamic factors into account. This conclusion is based upon evaluation of the existing body of evidence and would apply to the consequences of exposure to known examples of PPARα agonists.  
	(Klaunig et al., 2003, p. 693.) DINP is a known example of a PPARα agonist that was part of the basis for the workshop conclusions. Therefore, the conclusion of the ILSI workshop is that the liver tumors that occur in rodents treated with DINP are not likely to occur in humans. 
	The EU in its risk assessment of DINP stated: 
	The current literature suggests that only rats and mice are responsive to the carcinogenic effects of peroxisome proliferator, while dogs, non-human primates and humans are essentially non-responsive or refractory. In this way, it should be noted that in monkey, following oral administration of DINP for 14 days or 13 weeks there was no evidence of peroxisome proliferation. This indicates that monkeys and subsequently probably humans are far less sensitive than rodents to peroxisome proliferation and its rel
	which DEHP increased the incidence of liver tumours in rodents was not relevant to humans. (ECB, 2003a, p. 243)  
	In its formal review of risks and an assessment of classification, the EU did not identify carcinogenicity as a critical endpoint (ECB, 2003a, 2003b) and did not classify DINP as a carcinogen (EC, 2000). In the risk assessment summary document, the EU stated that, on the basis of the peroxisome proliferation evidence, “there is no concern for a potential carcinogenic effect in humans.” (ECB, 2003b, p. 14) 
	When USEPA originally proposed to list DINP under EPCRA Section 313 (Fed. Reg. 2000), the American Chemistry Council requested that several prominent researchers provide opinions on the potential human carcinogenicity. Those opinions were provided in comments submitted to USEPA in 2001; copies as provided with these comments, as follows: 
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	In summary, numerous independent scientists have evaluated the potential for peroxisome proliferators in general or DEHP and DINP in particular to cause cancer in humans. The overwhelming scientific consensus is that DINP cannot reasonably be anticipated to cause cancer in humans. 
	B. Mononuclear Cell Leukemia Observed in Fisher 344 Rats 
	Mononuclear call leukemia (MNCL) was observed in the two DINP bioassays conducted in Fisher 344 rats, but not in the bioassay conducted in mice (Lington et al., 1997; Moore, 1998a; b). MNCL is a lesion that occurs almost exclusively in the F-344 rat and that occurs spontaneously in that species. MNCL is discounted by authoritative agencies such as the National Toxicology Program (NTP) and the International Agency for Research on Cancer (IARC). As described below and in the attached opinion from Dr. Richard 
	1. MNCL in Fischer Rats Is Generally Disregarded for Human Hazard Assessment           _ 
	MNCL is a spontaneous tumor which occurs frequently in the F-344 rat and is the most common cause of spontaneous death in that strain and species (e.g., Haseman et al., 1998). NTP historical control data show that MNCL occurs in 14 to 74 percent of control animals (Haseman et al., 1998). Background incidence is seen to be highly variable and has more than doubled during the two decades since the Haseman et al. report in 1985. (Thomas et al., 2007). MNCL is found at much lower incidence in other rat strains 
	The results of DINP chronic studies are consistent with these findings. MNCL was found in two studies in the F-344 rat (Lington et al., 1997; Moore, 1998a) but not in the B6C3F1 mouse (Moore, 1998b) or, for a non-commercial DINP, the Sprague-Dawley rat (Bio/dynamics, 1986). 
	When assessing the significance of changes in MNCL incidence, points to consider include: (1) that the factors contributing to a high, variable, spontaneous incidence of MNCL in the F-344 rat are unknown; (2) that there are a number of factors which contribute to variability in MNCL frequency for unknown reasons – including the use of corn oil as a vehicle (Haseman et al., 1985), single vs. group housing (Haseman et al., 1998), splenic toxicity, lifespan, body weight and dietary fat (but not dietary restric
	Many authoritative sources have questioned the relevance of MNCL data for human cancer hazard assessment purposes. For example, the NTP, in its review of the carcinogenesis data for diallyl phthalate wrote:  
	The relatively high and variable spontaneous incidence of mononuclear cell leukemia in aged F-344 rats confounds the interpretation of this tumor type in dosed animals as evidence of a carcinogenic response. That is, statistical evidence of an increased occurrence of mononuclear cell leukemia in dosed animals as an indication of carcinogenicity may appropriately be regarded with less confidence than would similar incidence data for other tumor types in the F-344 rat. (NTP, 1984).  
	More recently, the NTP has decided to stop use of the F344 strain, in part because of the high spontaneous incidence of MNCL is that strain (King-Herbert and Thayer, 2006; NTP BSC, 2007).  
	In a review of tetrachloroethylene, the United Kingdom Health and Safety Executive (HSE) noted that MNCL was a common neoplasm that occurred at high and variable frequency in the F-344 rat. They did not consider an excess of MNCL as evidence for a carcinogenic response even though the frequency exceeded the historical averages of both the NTP and the testing laboratory (HSE, 1987). As noted above, NIH rejected a proposal by Dr. Irons because of the “obvious lack of significance of MNCL to human disease.” 
	The National Research Council has stated, “It is unclear whether [MNCL] is a relevant predictor of human leukemias or other adverse health effects” (NRC, 2010, p. 56). With respect to tetrachloroethylene, NRC states that “the high backgrounds [of MNCL in F344 rats] make it difficult to interpret the biological significance of the increase in the incidence of [MNCL] observed in the treatment groups” (NRC, 2010, p. 54). 
	In his opinion (Attachment D), Dr. Richard Irons, a pre-eminent researcher in the field of leukemogenesis, states, “In my view, MNCL in the F344 rat is not a useful model for the direct study of human disease and is certainly not an appropriate endpoint for predicting or extrapolating carcinogenic risk in humans,” and “there is no biologic rationale for concluding that F-344 MNCL is a relevant surrogate for a comparable disease entity or, independently, any disease that has been associated with chemical exp
	A recent review of MNCL (Thomas et al., 2007) suggests that a weight-of-evidence approach be taken when statistically identified increases in MNCL occur with exposure. The authors propose similarities between F344 MNCL and human NK-LGL leukemia based on functional, clinical and morphological characteristics, but emphasize that the mechanisms of leukemogenesis may be very different. NRC (2010, p. 56) points out that Thomas et al. note that “in contrast with F344 rats, human NK-LGL leukemia is rare, occurs pr
	Without further research to clarify the leukemic cell of origin and define candidate molecular targets, the case for potential human relevance of MNCL remains weak, particularly in light of the high, variable spontaneous incidence of MNCL in the Fischer 344 rat – the only species in which MNCL was seen in conjunction with DINP administration.  
	2. Expert Body Reviews Have Concluded that the MNCL  in DINP Studies Is Not Relevant to Humans          
	The CPSC CHAP concluded:  
	The findings of mononuclear cell leukemia and renal tubular carcinoma in the rodent bioassay for DINP are of questionable relevance to humans. (CPSC, 2001, p. 122).  
	The EU Risk Assessment states: 
	Regarding MNCL, a clear increase incidence is observed in the two studies conducted with Fisher rats (outside the historical range of spontaneous leukemia), along with shortening of the onset of MNCL. However, MNCL is a common neoplasm in the Fischer 344 rats and the increased incidence after chronic exposure to some substances is likely a strain specific effect with little relevance for humans. Of interest, the IARC categorised MNCL as “an unclassified leukemia with no known human counterpart” and substanc
	As noted above, the NIH rejected a proposal by Dr. Irons because of the “obvious lack of significance of MNCL to human disease” Dr. Irons reviewed the Lington and Moore data and concluded that "specifically with respect to bioassays of di-isononyl phthalate, the dose-dependent nature of treatment-related MNCL is not impressive, suggesting that the observed increases represent a non-specific high dose effect that cannot be meaningfully attributed to a carcinogenic event.” (Attachment D).  
	Thus, the opinion of several authoritative bodies is that MNCL is not relevant for human health assessment. In addition, the CPSC CHAP, the EU and Dr. Irons have specifically found that MNCL in the DINP bioassays is not relevant for human health assessment. 
	C. Kidney Tumors in Male Rats 
	Kidney tumors have been observed in male rats exposed to high doses of DINP (733-885 mg/kg/day) for two years (Moore, 1998a), but not in female rats and not in mice of either gender (Moore, 1998a; b). Male rats are known to be susceptible to formation of kidney tumors through a mechanism involving alpha2u-globulin accumulation. Because humans do not produce alpha2u-globulin, such male rat kidney tumors are not relevant for human health assessment (USEPA, 1991; Swenberg and Lehman-McKeeman, 1998). The kidney
	female rats or in mice of either sex. See Table 4. The tumors found were of a type associated with an alpha2u-globulin process and also demonstrated the sex- and species-specific responses expected for an alpha2u-globulin process. 
	In the DINP study in rats, there was evidence in the male rats of microscopic changes characteristic of alpha2u-globulin induction (Moore, 1998a). Subsequent studies have demonstrated that all the criteria established by the USEPA and by IARC to verify that a carcinogenic response is the consequence of the alpha2u-globulin mechanism are met for DINP (Caldwell et al., 1999; Schoonhoven et al., 2001). Attachment E is a letter from Dr. James Swenberg who is an expert in the alpha2u-globulin mechanism (he is a 
	Table 4. 
	Incidence of malignant tubule cell carcinomas in rats and mice following chronic dietary administration of DINP – number of rats per dose group (mg/kg/day) 
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	* Animals in the recovery group were given the high dose for 18 months and then held without 
	  treatment until terminal sacrifice (24 months). 
	 
	The following discusses in greater detail how the DINP data meet the USEPA and IARC alpha2u-globulin mechanism criteria (subsections 1 and 2). It then discusses the fact that expert reviews have determined on that basis that the kidney tumors observed in male rats treated with DINP are not relevant to humans (subsection 3). 
	1. The DINP Data Meet USEPA's Criteria for an Alpha2u-Globulin  Mechanism          
	In 1991 the USEPA reviewed the evidence for alpha2u-globulin accumulation as a potential mechanism of renal cancer and its relevance to humans (USEPA, 1991). This review culminated in a two part USEPA science policy statement (USEPA, 1991, p. 85): 
	(1) Male rat kidney tumors arising as a result of a process involving [alpha2u-globulin] accumulation do not contribute to the qualitative weight-of-evidence that a chemical poses a human carcinogenic hazard. Such tumors are not included in dose-
	response extrapolations for the estimation of human carcinogenic risk. 
	(2) If a chemical induces [alpha2u-globulin] accumulation in male rats, the associated nephropathy is not used as an endpoint for determining non-carcinogenic hazard. Estimates of non-carcinogenic risk are based on other endpoints. 
	USEPA also provided guidance for determining whether the alpha2u-globulin process could be a factor in renal effects. Each of three factors, set forth in Section XVII-A of USEPA (1991, pp. 86-87) must be met. As the following shows, all three factors are met for DINP. 
	"(1) Increased number and size of hyaline droplets in renal proximal tubule cells of treated male rats  The abnormal accumulation of hyaline droplets in the P2 segment of the renal tubule is necessary to attribute the renal tubule tumors to the [alpha2u-globulin] sequence of events. This finding helps differentiate the [alpha2u-globulin] inducers from chemicals that produce renal tubule tumors through other means." (USEPA, 1991, p. 86) 
	As shown in Caldwell et al. (1999), hyaline droplets were evaluated by immunohistochemical staining (a process specific for 2u-g) in male and female rats. Droplets were present in male rat kidneys, and both droplet size and area involved were significantly increased with dose. Droplets were not present in kidneys from female rats. The accumulation of 2u-g in male rat kidneys with increasing dose was independently confirmed by a second laboratory (Schoonhoven et al., 2001). These data demonstrate the abnor
	"(2) Accumulating protein in the hyaline droplets is [alpha2u-globulin]  Hyaline droplet accumulation is a nonspecific response to protein overload in the renal tubule and may not be due to [alpha2u-globulin]. Therefore, it is necessary to demonstrate that [alpha2u-globulin] accounts for the hyaline droplet accumulation found in the male rat." (USEPA, 1991, p. 86) 
	As shown above, the evaluation of hyaline droplets utilized immunohistochemistry to detect the highly specific binding of a monoclonal antibody to alpha2u-globulin. As documented by both Caldwell et al. (1999) and Schoonhoven et al. (2001), the accumulating protein in the hyaline droplets is alpha2u-globulin. As stated above, the absence of alpha2u-globulin in kidneys from female rats was also demonstrated, confirming the sex specificity of the observation. 
	"(3) Additional aspects of the pathological sequence of lesions associated with [alpha2u-globulin] nephropathy are present.  Typical lesions include single cell necrosis, exfoliation of epithelial cells into the proximal tubular lumen, formation of granular casts, linear mineralization of papillary tubules, and tubule hyperplasia. If the response is mild, all of these lesions may not be observed; however, some elements consistent with the pathological sequence must be demonstrated to be present." (USEPA, 19
	As documented in Caldwell et al. (1999), tubular regeneration and tubular epithelial hyperplasia were present in male rat kidneys, predominantly in the P2 segment of the proximal tubule of the renal cortex, and increased in a dose-responsive manner. In contrast, tubular regeneration was present in only one of the high dose female rats. Mineralization was documented in the pathology reports of the chronic studies (Moore, 1998a; b). This also showed a strong dose response relationship in the male rat kidneys.
	 
	Table 5. 
	Incidence of kidney mineralization following dietary administration of DINP. 
	No. affected rats/total no. rats in each dose group (mg/kg/day)  
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	*Animals in the recovery groups were treated with the high dose for 18 months and then 
	 held without further treatment until terminal sacrifice (24 months). 
	NP – not present. 
	 
	In a dietary study of DINP in Sprague-Dawley rats at levels of 0.3 and 1.0% for 13 weeks, tubular regeneration, nephritis, tubular casts and nephrosis were observed primarily in male rats and increasing with dose (Bird et al., 1986; Bio/Dynamics, 1982). These lesions are consistent with [alpha2u-globulin] pathology and provide further evidence that the 2u-g process was operative in causing the kidney tumors in male rats treated with DINP. Additionally, the 
	appearance and extent of these lesions at 13 weeks further differentiate them from those associated with chronic progressive nephropathy, providing further evidence they are the consequence of an [alpha2u-globulin] mediated process. 
	Thus, all three of EPA's obligatory criteria are met for DINP. When this is the case, then EPA's guidance states that additional information is reviewed (EPA, 1991, Section XVII-B, pp. 87-88). Data are available for several of the categories of EPA describes,31 as follows: 
	31  Data for all categories of additional information listed by USEPA are not required. As USEPA states: "the information may not always be available; nor should this list be considered exhaustive." (USEPA, 1991, p. 87). 
	31  Data for all categories of additional information listed by USEPA are not required. As USEPA states: "the information may not always be available; nor should this list be considered exhaustive." (USEPA, 1991, p. 87). 

	(a) Additional biochemical information (including reversible binding of the chemical to alpha2u-globulin): As documented by Schoonhoven et al. (2001), reversible binding of DINP metabolites to alpha2u-globulin has been demonstrated. 
	 
	(b) Sustained cell division in the proximal tubule of the male rat: This was documented by Caldwell et al. (1999) through the use of immunochemical techniques -- specifically, the use of the proliferating-cell nuclear antigen (PCNA) -- and was subsequently confirmed by Schoonhoven et al. (2001) through the use of an alternative technique -- BrdU labelling. 
	 
	(c) Genotoxicity (i.e., information on potential genotoxicity in a standard battery of short-term tests relevant to the evaluation of potential carcinogenicity provides a possible means for distinguishing between genotoxic and non-genotoxic processes): As described in Section II, DINP is not genotoxic as evidenced by negative results in a number of short term tests including Salmonella, mouse lymphoma and micronucleus tests (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985). 
	 
	(d) Animal bioassay data in other sex-species combinations: As described above, DINP produces tubule cell carcinomas in male rats but not in female rats or in mice of either sex. This is consistent with the expected pattern of response for an alpha2u-globulin mechanism. It also provides indirect evidence that, if there are other toxic processes associated with DINP treatment, they do not contribute to kidney cancer as no kidney tumors were found except in male rats and under conditions in which alpha2u-glob
	 
	EPA's guidance summarizes the evaluation of the three "must have" factors, plus additional evidence, as follows: 
	Confidence in determining which of the three categories [i.e., compounds producing renal tumors in male rats attributable solely to chemically induced alpha2u-globulin accumulation; compounds producing renal tubule tumors that are not linked to alpha2u-globulin accumulation; compounds producing some renal tubule tumors in male rats attributable to the alpha2u-globulin process and 
	some attributable to other carcinogenic processes] applies depends on the comprehensiveness and consistency of the available data. If all the data (two species, two sex combination bioassay, all elements in XVII-A [the 3 specific findings described above], and additional information such as that described in XVII-B [including points a-d above]) are consistent with a role for chemically induced [alpha2u-globulin], there is a high degree of confidence that the [alpha2u-globulin] syndrome alone accounts for th
	Application of this reasoning to the DINP data shows a high degree of confidence that the alpha2u-globulin syndrome alone accounts for the renal tubule tumors observed in male rats treated with DINP. As documented above, there is a two-species, two-sex bioassay that provides data consistent with the alpha2u-globulin process, i.e., malignant tubule cell tumors in kidneys of male rats but not female rats or mice (Moore, 1998a and b). The three required criteria (Section XVII-A) are met: there is evidence of h
	2. The DINP Data Meet the IARC Criteria for an Alpha2u-Globulin Mechanism            
	A review of the significance of alpha2u-globulin induction to human health was conducted in 1997 by the International Agency for Research on Cancer (IARC) (Swenberg and Lehman-McKeeman, 1998). An expert panel reviewed the evidence for alpha2u-globulin as a mechanism for renal-cell neoplasms and concluded that this mechanism was operative only in male rats and had no clinical significance for humans. The panel further determined that kidney tumors in male rats which are the consequence of an alpha2u-globulin
	The IARC criteria, and how the DINP compare to those criteria, are as follows: 
	(a) Lack of genotoxic activity (agent and/or metabolite) based on an overall evaluation of in-vitro and in-vivo data. As described in Section II of these comments, DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985).   
	(a) Lack of genotoxic activity (agent and/or metabolite) based on an overall evaluation of in-vitro and in-vivo data. As described in Section II of these comments, DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985).   
	(a) Lack of genotoxic activity (agent and/or metabolite) based on an overall evaluation of in-vitro and in-vivo data. As described in Section II of these comments, DINP has been tested in a number of in vivo and intro tests for genotoxic activity and all have produced negative results (Barber et al., 2000; McKee et al., 2000; Zeiger et al., 1985).   

	(b) Male rat specificity for nephropathy and renal tumorigenicity. As shown in Table 4 (above), the renal tumors were in male rats; there were none in female rats or in mice 
	(b) Male rat specificity for nephropathy and renal tumorigenicity. As shown in Table 4 (above), the renal tumors were in male rats; there were none in female rats or in mice 


	of either sex. The male rat specificity for an alpha2u-globulin nephropathy is documented in Caldwell et al. (1999). Thus the male rat specificity for both nephropathy and renal tumorigenicity has been documented.  
	of either sex. The male rat specificity for an alpha2u-globulin nephropathy is documented in Caldwell et al. (1999). Thus the male rat specificity for both nephropathy and renal tumorigenicity has been documented.  
	of either sex. The male rat specificity for an alpha2u-globulin nephropathy is documented in Caldwell et al. (1999). Thus the male rat specificity for both nephropathy and renal tumorigenicity has been documented.  

	(c) Induction of the characteristic sequence of histopathological changes in shorter-term studies of which protein droplet accumulation is obligatory. As described above, protein droplet accumulation is documented in Caldwell et al. (1999) along with evidence that the protein which is being accumulated is alpha2u-globulin. Other aspects of characteristic pathology – including tubular regeneration and tubular hypertrophy in male but not female rat kidney – are also documented in Caldwell et al. (1999). Evide
	(c) Induction of the characteristic sequence of histopathological changes in shorter-term studies of which protein droplet accumulation is obligatory. As described above, protein droplet accumulation is documented in Caldwell et al. (1999) along with evidence that the protein which is being accumulated is alpha2u-globulin. Other aspects of characteristic pathology – including tubular regeneration and tubular hypertrophy in male but not female rat kidney – are also documented in Caldwell et al. (1999). Evide

	(d) Identification of the protein accumulating in tubular cells as alpha2u-globulin. This was documented by Caldwell et al. (1999) and confirmed by Schoonhoven et al. (2001).  
	(d) Identification of the protein accumulating in tubular cells as alpha2u-globulin. This was documented by Caldwell et al. (1999) and confirmed by Schoonhoven et al. (2001).  

	(e) Reversible binding of the chemical or metabolite to alpha2u-globulin. This is documented in Schoonhoven et al. (2001). See also Attachment E.  
	(e) Reversible binding of the chemical or metabolite to alpha2u-globulin. This is documented in Schoonhoven et al. (2001). See also Attachment E.  

	(f) Induction of sustained increased cell proliferation in the renal cortex . This was documented in Caldwell et al. (1999) and confirmed by Schoonhoven et al. (2001) by a different technique.  
	(f) Induction of sustained increased cell proliferation in the renal cortex . This was documented in Caldwell et al. (1999) and confirmed by Schoonhoven et al. (2001) by a different technique.  

	(g) Similarities in dose-response relationship of the tumor outcome with the histopathological end-points (protein droplets, alpha2u-globulin accumulation, cell proliferation). Kidney tumors were found only after dietary administration of DINP at a level of 1.2% (733 mg/kg/day in the male rats). As documented in Caldwell et al. (1999), protein droplets and alpha2u-globulin accumulation were significantly elevated in comparison to control values at 0.6% (307 mg/kg/day) but not at lower levels (307 mg/kg/day 
	(g) Similarities in dose-response relationship of the tumor outcome with the histopathological end-points (protein droplets, alpha2u-globulin accumulation, cell proliferation). Kidney tumors were found only after dietary administration of DINP at a level of 1.2% (733 mg/kg/day in the male rats). As documented in Caldwell et al. (1999), protein droplets and alpha2u-globulin accumulation were significantly elevated in comparison to control values at 0.6% (307 mg/kg/day) but not at lower levels (307 mg/kg/day 


	 
	Thus, DINP meets all of the IARC criteria, showing that the male rat kidney tumors associated with DINP treatment are the result of an alpha2u-globulin-mediated process and are not relevant to humans. 
	3. Expert Body Reviews Have Concluded that DINP Data Meet  the Criteria for an Alpha2u-Globulin Mechanism    
	Reviewing bodies have agreed the DINP data meet the criteria for an alpha2u-globulin-mediated process and have therefore found that kidney tumors seen in male rats treated with DINP are not relevant for human cancer hazard assessment. 
	The CPSC CHAP report states: 
	Male rat specificity in tumor response, lack of genotoxicity, histopathology findings of cytotoxicity and regeneration, α2μ-globulin accumulation, and demonstrated cell proliferation strongly support the criteria for demonstrating α2μ-globulin mechanism (IARC, 1998). Therefore, the renal tumors in male rats at the high dose of DINP are assumed to be rat specific and are not used to predict human cancer risk. (CPSC, 2001, p. 91) 
	The EU risk assessment states: “Pertaining to kidney tumours, the species and sex-specific alpha 2u globulin mechanism likely responsible for kidney tumours seen in male rats is not regarded as relevant to humans.” (ECB, 2003a, p. 223; ECB, 2003b, p. 14) 
	D. Testicular Dysgenesis Syndrome 
	On March 5, 2009, OEHHA announced that the Carcinogen Identification Committee (CIC) would provide advice to OEHHA regarding prioritization of 38 chemical for preparation of hazard identification materials.32 With that notice, OEHHA made available its summary of scientific information on DINP.33 Under the header “Mechanisms”, that summary lists “Testicular dysgenesis syndrome” (TDS), citing to Borch et al. (2004). However, there are no reported studies that have linked exposure to DINP with TDS or testicula
	32  Prioritization: Chemicals for Consultation by the Carcinogen Identification Committee, 3/5/09, www.oehha.org/prop65/CRNR_notices/state_listing/prioritization_notices/prior030509.html. 
	32  Prioritization: Chemicals for Consultation by the Carcinogen Identification Committee, 3/5/09, www.oehha.org/prop65/CRNR_notices/state_listing/prioritization_notices/prior030509.html. 
	33  Diisononyl Phthalate (DINP), http://www.oehha.org/prop65/CRNR_notices/state_listing/prioritization_notices/pdf/DINP.pdf 

	Skakkebaek et al. (2001) first coined the term testicular dysgenesis syndrome (TDS), hypothesizing that abnormal spermatogenesis, cryptorchidism (undescended testicles), penile malformations such as hypospadias and incidences of testicular cancer observed in humans had a common etiology. The hypothesis states that these clinical problems may result from an irreversible developmental disorder occurring early in fetal life consequential to either a genetic predisposition and/or environmental insult(s). Curren
	Several rigorous scientific reviews of DINP, including those of the National Toxicology Program (NTP) Center for the Evaluation of Risks to Human Reproduction (CERHR) (NTP CERHR, 2000), the Consumer Product Safety Commission (CPSC) Chronic Hazard Advisory Panel (CHAP) for DINP (CPSC, 2001) and the European Union Risk Assessment for DINP (ECB, 2003a, b), clearly indicate that exposure to DINP does not induce the symptoms of TDS in humans or laboratory animals. In all of the reproductive toxicity, development
	chronic carcinogenicity studies performed with commercial DINP, no symptoms of TDS, including hypospadias, cryptorchidism, or testicular cancer have been reported. These studies are briefly summarized below.   
	In the chronic 2-year carcinogenicity studies in F344 rats, reported by Moore (1998a) (daily exposure to 0, 500, 1500, 6000, or 12000 ppm) and Lington et al. (1997) (daily exposure to 0, 300, 3000, or 6000 ppm), benign testicular interstitial cell tumors were found in nearly all animals – both controls and those treated chronically with DINP. F344 rats normally display a high incidence of testicular tumors, and the incidences of treated animals in these studies were within the historical control range. Ther
	A 2-year carcinogenicity study was conducted in Sprague Dawley rats treated with a form of DINP (Santicizer 900, CASRN 71549-78-5) that was never commercially produced (Bio/dynamics, 1986). The rats were exposed daily to 0, 500, 5000, or 10000 ppm of the test substance. The high dose males (the only exposure group examined histopathologically) had an increased incidence of testicular interstitial cell hyperplasia. A slightly higher incidence of interstitial cell tumors (1%) was also observed in the testes o
	In a two generation reproduction and developmental toxicity study, P1 males and females received test material (0.2, 0.4, or 0.8% in the diet) daily for at least ten weeks prior to mating and during the mating period (Waterman et al., 2000). Additionally, P1 female animals received test material during the gestation and postpartum periods, until weaning of the F1 offspring on post natal day (PND) 21. P2(F1) males were dosed from PND 21 for at least 10 weeks prior to mating and through the mating period for 
	In a one-generation reproductive and developmental toxicity study (Exxon Biomedical Sciences, 1996), rats were administered 0.5, 1, or 1.5% DINP from 10 weeks prior to mating, through gestation and ending on PND 21. Pertaining to P1 male organ toxicity, there was a statistically significant increase in the mean absolute and relative right testis weight, left testis and right epididymis weights and the mean relative left epididymis and seminal vesicle weights in the high-dose males compared with controls. It
	in male mating, male fertility, female fertility, female fecundity, or female gestational indices between treated and control animals. There were no instances of testicular tumors. 
	It has also been proposed that suppression of fetal androgen production and/or increased estrogen exposure might underlie the occurrence of TDS with respect to certain phthalates (Sharpe, 2003). However, the data for DINP are inconsistent with respect to anti-androgenic effects in young male rats. Two studies, which used an unrealistically high dose of DINP – 750 mg/kg/day, administered by gavage, resulted in a questionably significant increase in malformation of the male reproductive tract (Gray et al., 20
	The study conducted by Gray et al. (2000) shows a low incidence of effects without any dose response and with effects of unclear significance. As infants, male rats were exposed to a single 750 mg/kg dose of DINP between gestation day 14 and post natal day 3. The authors reported males displaying retained areolas (22% reported as statistically significant). No other single endpoint (nipple retention, epididymal agenesis, fluid filled testes and testes weight) on its own was significantly different from cont
	Likewise, the paper by Borch et al. (2004) does not present data demonstrating DINP induces TDS and should not be considered as evidence for a mechanism of toxicity. In this report, 32 pregnant female rats were exposed to either 300 mg/kg-bw DEHP or 750 mg/kg-bw DINP, alone or in combination, from gestation day 7 to gestation day 21. The dams were sacrificed on gestation day 21 and the pups were harvested for analysis of testicular testosterone production, testicular testosterone content, plasma testosteron
	day 16-18 in the rat. After gestation day 18, plasma testosterone levels are naturally declining in the fetal rat.  
	As stated by the CERHR expert panel (NTP CERHR, 2000): 
	 
	Reproductive performance and histological effects on gonads and accessory sex organs were assessed in one- and two-generation dietary studies. Parental doses of up to 0.8% in feed (665–779 [M] and 696–802[F] mg/kg bw/day) did not affect fertility or sex organ histology in either the F0 or F1 male or female pups. A 13-week gavage study in adult marmosets resulted in no evidence of microscopic testicular changes at doses that did adversely affect body weight gain (2,500 mg/kg bw/day). Testicular lesions were 
	 
	In summary, there is no reliable evidence that commercial DINP induces testicular cancer in laboratory animals or humans, nor that the hypothetical TDS mechanism applies to DINP.  
	 
	V. EXPERT BODY REVIEWS OF DINP HUMAN CANCER POTENTIAL 
	DINP has not been listed as a carcinogen, nor even considered for listing, by the International Agency for Research on Cancer (IARC) or the National Toxicology Program (NTP).34 That being said, DINP has been the subject of other rigorous scientific reviews, which have concluded DINP is unlikely to pose a cancer risk to humans. 
	34  The Natural Resources Defense Council has nominated DINP for consideration by IARC (IARC, 2008), but to date IARC has not scheduled DINP for consideration (IARC, 2010). 
	34  The Natural Resources Defense Council has nominated DINP for consideration by IARC (IARC, 2008), but to date IARC has not scheduled DINP for consideration (IARC, 2010). 

	 A Chronic Hazard Advisory Panel (CHAP) of the Consumer Product Safety Commission (CPSC), consisting of seven independent experts, held three public meetings in the year 2000 to evaluate the toxicological data for DINP. The CHAP's report was published in 2001 (CPSC, 2001; see also Babich et al., 2004). The CHAP concluded that: the criteria for the alpha2u-globulin mechanism were met and therefore the kidney tumors observed in male rats are rat-specific; the MNCL observed in Fisher 344 rats treated with DIN
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	 The European Union (EU) has conducted a very thorough risk assessment of DINP, with input from governmental scientists throughout Europe (ECB 2003a; 2003b). The EU risk assessment concluded that the liver tumors observed in rodents are due to a peroxisome proliferation process that is not relevant to humans, the kidney tumors in male rats were due to an alpha2u-globulin process that is not relevant to humans and the MNCL was a strain-specific effect not relevant to humans (ECB, 2003a, Section 4.1.2.8). On
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	These consensus opinions support the conclusion that DINP is highly unlikely to cause cancer in humans. 
	ExxonMobil notes that, while the U.S. Environmental Protection Agency (USEPA) has reviewed the data for DINP, it has not made a final determination regarding the carcinogenicity of DINP. USEPA undertook its review in response to a petition to list DINP under Section 313 of the Emergency Planning and Community Right-to-Know Act (EPCRA). OEHHA has provided to the CIC a 2000 Federal Register notice in which USEPA proposed to list DINP in part based on the animal cancer data (Fed. Reg., 2000). However, after re
	 
	CONCLUSION 
	 
	For the reasons presented, ExxonMobil believes the data support the conclusion that the cancer findings in rodent bioassays of DINP are not relevant to humans. Further, primate data indicates that primates are refractory to DINP. Therefore, ExxonMobil respectfully submits that DINP should not be listed under Proposition 65 as a carcinogen.  
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	electronics, medical devices, children’s toys, detergents, phar-maceuticals, paints, waxes, personal care products, cosmet-ics, and food packaging, among others (Heudorf et al., 2007). Because phthalates are not covalently bound in these products, they can leach with product age, use, and ultraviolet light expo-sure, making them available for biological exposure (Thomas and Thomas, 1984). Human phthalate exposure occurs daily and is ubiquitous, with the major exposure route being inges-tion (Fromme et al., 
	are exposed to combinations of reproductively toxic phthalate congeners, the doses are additive in producing reductions in fetal testicular hormone production and reproductive lesions (Howdeshell et al., 2007). Focusing on a dibutyl phthalate (DBP) dose response in Sprague Dawley rats as a case study, significant reductions in gestational day (GD) 19 intrates-ticular testosterone occur at dose levels ≥ 50 mg/kg/day, with a no-observed-effect level of 33 mg/kg/day (Lehmann et al., 2004). The DBP dose-respons
	during a time when the germ cells are not proliferating, the most logical conclusion is that MNGs form from the opening of intercellular bridges (Kleymenova et al., 2005). However, this needs to be investigated further. Once MNGs are formed, they persist throughout late gestation and early postnatal life and are then eliminated in a p53-dependent manner from the seminiferous epithelium within 1–2 weeks postnatally (Barlow and Foster, 2003; Fisher et al., 2003). The seminiferous cord manifestations of delaye
	occurs when Leydig cell steroidogenesis is inhibited, phthalate exposure decreases Leydig cell cytoplasmic volume (van den Driesche et al., 2012b). As compared with phthalate exposure within a GD19–20 window, rat Leydig cell aggregation is enhanced by exposure from GD13 to 18 (Hutchison et al., 2008b), and aggregation is observed first on GD17 (Barlow and Foster, 2003). MODE OF ACTION OF PHTHALATE-INDUCED FETAL LEYDIG CELL STEROIDOGENIC INHIBITIONFrom a human reproductive health perspective, the most import
	exposure compromises the basic differentiated phenotype of fetal Leydig cells and manifests as reduced expression of genes encoding cholesterol and steroid metabolism genes and, subsequently, reduced hormone synthesis.The mechanism of reduced Leydig cell lipid metabolism-related gene and protein expression is becoming clearer, with data pointing to changes in the activity of transcription factors controlling fetal Leydig cell cholesterol and steroid metabolism genes. One transcription factor hypothesized to
	picture coming into focus is that phthalate exposure modifies the constellation of transcription factors bound to steroidogenic gene promoters in fetal Leydig cells, leading to transcriptional repression; however, the mechanism producing altered transcription factor activity is unknown. Do phthalates change the fate of fetal testis cells? Phthalates do not appear to induce novel gene expression in any testis cell type. Available data demonstrate increased expression of a given gene occurs in the cell type n
	observed increased fetal resorption and teratogenicity at GD18, but no reproductive system effects were described (Shiota and Nishimura, 1982). Recent work indicates that mouse strains widely used in laboratory research are resistant to the fetal testis endocrine-disrupting effects of phthalates. After gestational exposure to phthalate diester or monoester at dose levels causing profound inhibition of rat fetal testis steroidogenesis, mouse fetal intratesticular testosterone content remained at (or above) l
	not recapitulate the fetal testis phenotype observed after in vivo exposure. Rat fetal testis studies in which phthalates decreased testosterone production were performed at either very high concentrations (1 mM) or did not involve reductions in ster-oidogenic genes (Star, for example) that are mechanistically important in vivo. Although phthalates have no effect on cul-tured human fetal testis steroidogenesis (Hallmark et al., 2007; Lambrot et al., 2009), the seemingly poor utility of the ex vivo culture m
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