
 
 
November 15, 2013 
 
Ms. Cynthia Oshita 
Office of Environmental Health Hazard Assessment 
P.O. Box 4010, MS-19B 
Sacramento, California 95812-4010 
 
RE:  Carcinogen Identification Committee Meeting Scheduled for December 5, 2013 to Consider 

Possible Listing of Diisononyl Phthalate 
 
Dear Ms. Oshita, 
 
On behalf of the High Phthalates Panel of the American Chemistry Council (ACC) I write to reaffirm the 
comments submitted by the Phthalate Esters Panel of the American Chemistry Council on February 16, 
2010 in relation to the 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 (October 15, 2009).i The available data for DINP, including research findings 
in the four years since the ACC comments were submitted, continue to indicate, as stated in the ACC 
comments, that DINP is not genotoxic, cancer findings in rodent bioassays are not relevant to humans, 
and proposed alternative mechanisms for liver tumorigenesis are not supported by the available 
information. 
 
Furthermore, DINP has been registered under REACH, the European chemicals management program. It 
is not on the candidate list for authorization, indicating low concern. Under the European Chemicals 
Agency’s (ECHA) Classification, Labelling and Packaging (CLP) regulation, DINP is not classified as a 
carcinogen. Although DINP has not been reviewed by the World Health Organization (WHO) 
International Agency for Research on Cancer (IARC), it is not on the priority list for the agency, indicating 
a low degree of concern.  And most recently, ECHA and the Australian Government Department of 
Health and Ageing have each released evaluations on DINP, each reaffirming the safety of its use in all 
current applications. 
 
In August of 2013 ECHA released its final report on the re-evaluation of DINP and DIDP in toys and child 
care articles that can be placed in the mouth. The report concludes that “a risk from the mouthing of 
toys and childcare articles with DINP and DIDP cannot be excluded if the existing restriction were lifted 
(i.e. in the scenario where DINP or DIDP would be present in toys and childcare articles).” However, 
based on the risk assessment in the report, ECHA also concludes that no further risk management 
measures are needed to reduce the exposure of children and adults to DINP and DIDP. The risk 
assessment included an examination of exposure from toys and child care articles, school materials, 
indoor air and house dust, and included a review of the available new information on the carcinogenicity 
of DINP.ii ECHA, it should be noted, considered carcinogenicity but did not use cancer as a critical 
endpoint. The report, entitled Evaluation of New Scientific Evidence Concerning DINP and DIDP in 
Relation to Entry 52 of Annex XVII to REACH Regulation (EC) No 1907/2006 can be found at: 
http://echa.europa.eu/documents/10162/31b4067e-de40-4044-93e8-9c9ff1960715. 
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I.  INTRODUCTION 

 

  Based on “evolving scientific knowledge” there is insufficient evidence to support a listing of 

DINP as a carcinogen under Proposition 65.  DINP meets none of the criteria identified in Section 

25249.8 of the Health and Safety Code as a basis for listing.  It has not been identified by an 

authoritative body to cause cancer, no state or federal government has required it to be identified as 

causing cancer, and as discussed below it cannot be “clearly shown through scientifically valid testing 

according to generally accepted principles to cause cancer.” 1 

 

  As indicated by OEHHA, no cancer epidemiology studies exist for DINP.  Instead OEHHA 

references as evidence of DINP’s potential carcinogenicity data from genotoxicity studies, animal 

bioassays, effects on testosterone synthesis in rodents, structure‐activity considerations, and 

mechanistic studies related to tumor induction and Testicular Dysgenesis Syndrome.  As set forth in 

more detail below, the available evidence indicate that – 

 

 DINP is not mutagenic or genotoxic; 

 There is a strong and compelling evidence that DINP‐induced lesions in rodents are not 

relevant to humans – a finding that has been confirmed by several expert reviewing bodies; 

 Suggestions of an alternative mechanisms for tumorigenesis, based on results with DEHP in 

genetically‐altered mice, are not supported by the available evidence; 

 Exposure to DINP does not result in Testicular Dysgenesis Syndrome; and 

 DINP does not affect testosterone synthesis in primates. 

 

As a result, DINP therefore does not warrant listing under Proposition 65 as “known to the state to 

cause cancer” because it has not been clearly shown to cause cancer. 

 

II.  DINP IS NOT MUTAGENIC OR GENOTOXIC 

 

  The conclusion that DINP is not mutagenic or genotoxic is supported by a robust database.  DINP 

was not mutagenic in an Ames assay using 5 strains of Salmonella typhimurium and did not induce an 

increase in chromosomal aberrations in Chinese hamster ovary cells (Zeiger et al., 1985; McKee et al., 

2000).2,3  Additionally, it did not cause unscheduled DNA synthesis in rat hepatocytes (Litton Bionetics, 

1981).4  In vivo, DINP was inactive in a micronucleus test in mouse bone marrow (McKee et al., 2000) 

and did not induce an increase in chromosomal aberrations in rat bone marrow cells (Microbiological 

                                                 
1
   AFL‐CIO v. Deukmejian, 212 Cal.App.3d 425, 432 (Cal. Ct. App. 1989) 

2
   Zeiger E et al. Mutagenicity testing of di(2‐ethylhexyl)phthalate and related chemicals in Salmonella. Environ. Mutagen 7: 213‐232 (1985). 

3
  McKee R et al. Di(isononyl) phthalate (DINP) and di(isodecyl) phthalate (DIDP) are not mutagenic. J Appl Toxicol 20: 491‐497 (2000). 

4
  Litton Bionetics. Evaluation of R‐1218 in the primary rat hepatocyte unscheduled DNA synthesis assay. Final Report. Laboratory report 

from Litton Bionetics, submitted to Tenneco Chemicals, Inc. LBI project number 20991, Report date February 1981. USEPA TSCATS 
document no. 878210229 (1981). 
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Associates, 1981).5  DINP was inactive in a mouse lymphoma test and in a cell transformation assay in 

Balb 3T3 cells (Barber et al., 2000).6 

 

  The available evidence led the European Chemicals Branch (ECB) to conclude in its 2003 risk 

assessment for DINP – 

 

DINP is not mutagenic in vitro in bacterial mutation assays or mammalian gene mutation 

assay (with and without metabolic activation) and is not clastogenic in one cytogenetic 

assay in vitro on CHO cells and in one in vivo assay on bone marrow cell of Fisher 344 

rats. This suggests that DINP is not genotoxic in vivo or in vitro. 7 

 

The reference cited by OEHHA (Babich et al, 2004), moreover, concludes that “[a]s with other 

peroxisome proliferators, DINP exhibits little or no evidence of genotoxicity.” 

 

III.  ANIMAL CANCERS IN RODENTS EXPOSED TO DINP ARE NOT RELEVANT TO HUMANS 

 

  DINP at high doses produces liver tumors in rats and mice, kidney tumors in male rats, and 

mononuclear cell leukemia (MNCL) in rats (Lington et al., 1997; Moore, 1998a,b; Bio/dynamics, 1986). 

There is a substantial body of research providing compelling evidence that these tumors in rodents are 

not relevant for human health assessment.  As a consequence, numerous expert reviews have declined 

to consider DINP as a known, probable, or possible human carcinogen. 

 

  A.  Kidney Tumors Observed in Male Rats Are Due to Alpha‐2u‐Globulin Nephropathy 

    and Are Not Relevant to Humans 

  The kidney tumors observed in bioassays in male rats were the result of induction of alpha‐2‐
globulin.  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).8,9 

                                                 
5
   Microbiological Associates. Activity of T1646 in the in vivo cytogenetics assay in rodents. Laboratory Report from Microbiological 

Associates, Submitted to Tenneco Chemicals Company, MA study number T1646. USEPA Document Control Number 878210234 (1981). 

6
   Barber E et al. Results in the L5178Y mouse lymphoma assay and the Balb 3T3 cell in vitro transformation assay for eight phthalate esters. 

J Appl Toxicol 20: 69‐80 (2000). 
7
   European Chemicals Bureau (ECB). 1,2‐Benzenedicarboxylic acid, di‐C8‐10‐branched alkyl esters, C9‐rich and di‐”isononyl” phthalate 

(DINP), CAS Nos: 68515‐48‐0 and 28553‐12‐0, EINECS Nos: 271‐090‐9 and 249‐079‐5, Summary Risk Assessment Report, Special 
Publication I.03.101, p. 18 (2003).  Available at http://ecb.jrc.ec.europa.eu/DOCUMENTS/Existing‐
Chemicals/RISK_ASSESSMENT/REPORT/dinpreport046.pdf. 

8
   USEPA. Alpha2u‐globulin: Association with chemically induced renal toxicity and neoplasia in the male rat.  EPA/625/3‐91/019F. Risk 

Assessment Forum, U.S. Environmental Protection Agency, Washington, D.C (1991).  Available at http://nepis.epa.gov – search on 
625391019F. 
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  As acknowledged in the US Environmental Protection Agency’s (USEPA) revised hazard 

assessment on DINP,10 the Consumer Product Safety Commission’s (CPSC) Chronic Hazard Advisory 

Panel (CHAP, 2001), and the ECB’s risk assessment for DINP (ECB, 2003),11 the data for DINP meet the 

criteria for the existence of alpha‐2u‐globulin nephropathy, a male rat‐specific mechanism not relevant 

to humans.  In particular, USEPA states – 

 

The data obtained in [DINP] studies were evaluated against published criteria for 
evaluating male‐specific nephropathy and its relevance to human.  The results of this 
evaluation indicate that: (1) all three EPA criteria for existence of the alpha‐2u‐globulin 
mode of action have been met; (2) six of the seven International Agency for Research on 
Cancer (IARC) criteria for existence of the alpha‐2u‐globulin process have been met; and 
(3) EPA has not found other information or data to suggest that another mechanism is 
likely to be involved.  Based on this evaluation, the Agency believes that DINP‐induced 
kidney tumors are associated with a male rat‐specific mechanism involving alpha‐2u‐
globulin accumulation in the kidney and that this mechanism is not appropriate for 
estimating hazard in humans.12 

 
  The seventh IARC criterion that USEPA asserts has not been met is evidence that DINP binds to 

alpha‐2u‐globulin.13  Binding of DINP to alpha‐2u‐globulin, however, was subsequently observed by 

Schoonhoven et al. (2001).14  Thus all criteria of both the USEPA and IARC criteria for the alpha‐2u‐

globulin mechanism are met by the DINP data.  For chemicals that meet the alpha‐2u‐globulin, USEPA 

noted that – 

 

Male rat renal tubule tumors arising as a result of a process involving [alpha‐2u‐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.15 

 
  B.  Mononuclear Cell Leukemia Observed in Fisher F344 Rats Is Not Relevant to Humans 

  Mononuclear cell leukemia (MNCL) was observed in the two DINP chronic studies conducted in 

Fisher 344 rats (Lington et al., 1997; Moore et al., 1998a), but not in the bioassay conducted in mice 

                                                                                                                                                             
9
   Swenberg JA and Lehman‐McKeeman LD. Alpha 2u‐globulin associated nephropathy as a mechanism of renal tubular cell carcinogenesis in 

male rats. In Species Differences in Thyroid, Kidney and Urinary Bladder Carcinogenesis.  IARC Scientific Publications No. 147. International 
Agency for Research on Cancer, Lyon (1998).  Available at http://monographs.iarc.fr/ENG/Publications/pub147/IARCpub147.pdf. 

10
   USEPA, Revised Technical Review of Diisononyl Phthalate, Office of Environmental Information Environmental Analysis Division Analytical 

Support Branch (March 4, 2005).  Available at www.regulations.gov, Docket document number EPA‐HQ‐TRI‐2004‐0004‐0003. 

11
   ECB 2003, at 225. 

12
   USEPA, 2005, at 68‐69 (citations and footnotes deleted, emphasis added). 

13
   Id. at 69, note 4. 

14
   Schoonhoven R et al. Di(isononyl)phthalate binds reversibly to á 2u‐globulin and induces cell proliferation in male rat kidneys. Toxicol 60: 

286 (2001). 

15
   USEPA, 1991, at 85. 
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(Moore et al., 1998b).  Reviewing this data, the CPSC CHAP concluded that “[t]he findings of 

mononuclear cell leukemia and renal tubular carcinoma in the rodent bioassay for DINP are of 

questionable relevance to humans.”16  Moreover, the ECB Risk Assessment states – 

 

Regarding MNCL, a clear increased 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 categorized 
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).17 

 

  Other authoritative bodies, including USEPA, the National Toxicology Program, the National 

Institutes of Health, and a recently published review (Thomas et al., 2007)18 have questioned the 

relevance of MNCL data for human risk assessment purposes and have suggested the application of a 

weight‐of‐evidence approach when statistically identified increases in MNCL are observed. 

 

  The high spontaneous incidence of MNCL is confined to the F344 strain of rat.  It occurs in both 

sexes in the F344 rats.  The incidence has been rising over the course of the NTP bioassay program, but 

is highly variable from laboratory to laboratory and study to study.  Haseman et al. (1998)19 reported an 

overall spontaneous incidence in NTP studies up to January 1997 of 50.5% (range 32–74%) in males and 

28.1% (range 14–52%) in females.  This compares with background incidence of less than 1% in other 

strains of commonly used laboratory rats.  The incidence in F344 rats is modulated by a variety of factors 

not clearly related to carcinogenicity.  Corn oil gavage, for example, has been shown consistently to 

reduce the incidence of MNCL in male, but not female, controls.  It is clear that the F344 rat is uniquely 

susceptible to developing MNCL, although the reason for this susceptibility is unknown. 

 

  Thomas et al. discuss the character of the disease and cell type of the F344 MNCL and relate 

these to human malignancies.  It is probable that most if not all F344 MNCL is derived from a natural 

killer cell subset of large granular cell lymphocytes (LGL).  In the F344 rat, MNCL is an aggressive, often 

fatal disease in older animals.  The closest analogue in humans is a natural killer cell, LGL=‐derived 

malignancy that is extremely aggressive but occurs in younger adults.  The human disease is rare and is 

believed to involve a viral mechanism; it has not been associated with exposure to chemicals.  Thus, 

                                                 
16
   CHAP, 2001, at 122. 

17
   ECB, 2003, at 225. 

18
   Thomas J et al. A review of large granular lymphocytic leukemia in Fischer 344 rats as an initial step toward evaluating the implication of 

the endpoint to human cancer risk assessment. Toxicol Sci 99: 3‐19 (2007). 

19
   Haseman JK et al. Spontaneous neoplasm incidences in Fischer 344 rats and B6C3F1 mice in two‐year carcinogenicity studies: A National 

Toxicology Program Update. Toxicol Pathol 26:428‐441 (1998). 
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although some have suggested that there may be a possible human analogue to MNCL, the high 

susceptibility is clearly confined to the F344 rat strain. 

 

  C.  Liver Tumors Observed in Rodents Are Due to Peroxisome Proliferation 

  There is a robust body of data indicating that the liver tumors observed in DINP rodent studies 

are due to a mode of action involving the peroxisome proliferator‐activated receptor‐α (or PPARα).  The 

progression of liver effects caused by peroxisome proliferating compounds (PPCs), leading up to and 

including tumors, has been well characterized, and there is a strong scientific consensus that such 

effects are not relevant for human risk assessment (e.g., Cattley et al., 1998; Klaunig et al., 2003).20,21  All 

liver effects observed in the DINP rodent studies, with the possible exception of spongiosis hepatis (a 

spontaneous lesion in rats), were consistent with the PPARα mode of action.  In contrast, no such effects 

were seen in the primate studies, even at doses of 2500 mg/kg/day (Hall et al., 1999; Pugh et al., 

2000).22,23 

 

  Primate data provide the best basis for determining whether chronic effects seen in rodents can 

reasonably be anticipated to occur in humans.  There have been two in vivo studies of DINP in non‐

human primates.  In one, cygnomolgus monkeys were treated with DINP for 14 days at levels up to 500 

mg/kg/day (Pugh et al., 2000).  In the other, Marmosets were treated with levels up to a colossal 2,500 

mg/kg/day for 90 days (Hall et al., 1999).  In both of these primate studies, there was no evidence of 

treatment‐related effects, including liver or kidney weights or treatment‐related changes in 

histopathology, even at the very high levels of treatment.  There was no evidence of peroxisome 

proliferation in non‐human primate hepatocytes tested under in vitro conditions (Benford et al., 1986; 

Kamendulis et al., 2002),24,25 or in human hepatocytes (Baker et al., 1996; Hasmall et al., 1999; 

Kamendulis et al., 2002).26,27  These findings suggest a “marked species difference” in peroxisomal 

proliferation resulting from phthalate exposure .28 

                                                 
20
   Cattley R et al. Do peroxisome proliferating compounds pose a hepatocarcinogenic risk to humans? Reg Toxicol Pharm 27: 47‐60 (1998). 

21
   Klaunig J et al. PPARα agonist‐induced rodent tumors: Modes of action and human relevance. Crit Rev Toxicol 33(6): 655–780 (2003). 

22
   Hall M et al. Effects of di‐isononyl phthalate (DINP) on peroxisomal proliferation markers in the marmoset – DINP is not a peroxisome 

proliferator. Toxicol Sci 24(3): 237‐244 (1999). 

23
  Pugh G et al. Effects of di‐isononyl phthalate, di‐2‐ethylhexyl phthalate, and clofibrate in Cynomolgus monkeys. Toxicol Sci 56: 181‐188 

(2000). 
24
   Benford D et al. Species differences in the response of cultured hepatocytes to phthalate esters. Food Chem Toxicol 24(6,7): 799‐800 

(1986). 

25
   Kamendulis L et al. Comparative effects of phthalate monoesters on gap junctional intercellular communication and peroxisome 

proliferation in rodent and primate hepatocytes. J Toxicol Environ Health Part A 65(8): 569‐88 (2002). 

26
   Baker T et al. Gap junctional intercellular communication (GJIC) studies on 5 phthalate monoesters in hepatocytes of four species: 

Implications for cancer risk assessment. The Toxicol 30(1, Part 2): 208 (Abstr. 1063) (1996). 

27
   Hasmall S et al. Suppression of apoptosis and induction of DNA synthesis in vitro by the phthalate plasticizers monoethylhexylphthalate 

(MEHP) and diisononylphthalate (DINP): A comparison of rat and human hepatocytes in vitro. Arch Toxicol 73: 451‐456 (1999). 

28
   ECB, 2003, at 223. 
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  The potential human response to PPCs also has been examined in liver biopsies from patients 

treated with hypolipidemic drugs (i.e., fibrates) which are potent PPCs.  Morpohometric measurements 

in liver biopsies did not reveal evidence for peroxisome proliferation.  As noted by IARC, the potential 

carcinogenic risk of hypolipidemic therapy with fibrates has been evaluated in two limited clinical trials 

with no evidence for carcinogenesis.  (IARC, 1996)29 

 

  Thus, studies from several laboratories using hepatocytes from different individuals or different 

species of non‐human primates have demonstrated that a peroxisome proliferator response is not 

elicited by DINP in these species.  And of particular relevance to the CIC’s review of DINP, these studies 

show no evidence of potential carcinogenicity, even under conditions that unquestionably would elicit 

tumorigenesis in rodents, including the progression to cancer. 

 

  D.  Numerous scientific reviews provide further support for the position that the rodent liver 

tumors have no relevance to humans 

  A review of peroxisome proliferation by IARC concluded that rats and mice had a much higher 

propensity for peroxisomal proliferation than other species including humans (IARC, 1995).30  More 

specific to phthalates, IARC revised its classification of DEHP in 2000 from “possibly carcinogenic to 

humans” (Group 2B) to “not classifiable as to its carcinogenicity to humans” (Group 3) 31 based in large 

part on its consideration of the relevance of the rodent liver tumors.   In summarizing its conclusion, 

IARC explained –  

 

In making its overall evaluation of the carcinogenicity to humans of [DEHP], the Working 
Group took into consideration that (a) [DEHP] 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 [DEHP] in rats and mice; and (c) peroxisome 
proliferation has not been documented in human hepatocyte cultures exposed to 
[DEHP] nor in the liver of exposed non‐human primates.  Therefore, the mechanism by 
which [DEHP] increases the incidence of hepatocellular tumours in rats and mice is not 
relevant to humans.32 

 

Although DINP has not been evaluated by IARC, the available data are very similar to those for DEHP, so 

similar conclusions would be anticipated. 

                                                 
29
   IARC. Evaluations for clofibrate and gemfibrozil. IARC monographs on the evaluation of carcinogenic risks to humans, some 

pharmaceutical drugs. Vol. 66, Lyon (1996). 

30
   IARC. Peroxisome proliferation and its role in carcinogenesis: Views and expert opinions of an IARC Working Group Lyon 7‐11 December, 

1994. IARC Technical Report No. 24, International Agency for Research on Cancer, Lyon, France (1995).  Available at 
http://monographs.iarc.fr/ENG/Publications/techrep24/IARCrep24.pdf. 

31
   IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 77 ‐ Some Industrial Chemicals. World Health 

Organization. Lyon, France (2000). 

32
   Id, at 124. 
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  In 2003, a workgroup of the ILSI Risk Science Institute reviewed the relationship of peroxisome 

proliferation and liver tumors in rodents.  The results of that workshop 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 workshop 

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.33 

 

DINP is a known example of a PPARα agonist that was part of the basis for the workshop conclusions. 

 
  Other reviews support the ILSI and IARC conclusions.  For example, CPSC’s 2001 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.”34  Subsequently the CPSC staff, based on the CHAP and on the ILSI workshop, 

“concluded that DINP, which is a peroxisome proliferator, is not likely to present a cancer risk in 

humans” (CPSC, 2003).35  Similarly, the European Union (EU) in its risk assessment of DINP concludes – 

 

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 which DEHP increased the incidence of liver tumours in 
rodents was not relevant to humans.36 

 

The EU did not identify carcinogenicity as a critical endpoint (ECB, 2003) and has not classified DINP as a 

carcinogen (EC, 2000).37 

                                                 
33
   Klaunig et al., 2003, at 693 (emphasis added). 

34
   CHAP, 2001, at 122. 

35
  CPSC. Response to additional question from Commissioner Moore on Petition HP 99‐1 to Ban Polyvinyl Chloride In Toys and Other 

Products.  Memorandum from M. Babich, M. Wind, and L. Martin to the Commission (Feb. 13, 2003).  Available at 
http://www.cpsc.gov/library/foia/foia03/brief/response.pdf. 

36
   ECB, 2003, at 243 (emphasis added). 

37
   European Commission. Summary record: Meeting of the Commission Working Group on the Classification and Labelling of Dangerous 

Substances, May 9‐12, 2000.  ECBI/51/00 – Rev. 2, European Commission, at 59‐61. 
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  In an earlier summary of available scientific information on DINP, OEHHA referenced the 

USEPA’s 2000 proposal to add DINP to the list of toxic chemicals subject to the reporting requirements 

under EPCRA section 313.  In its original proposal to list DINP, USEPA stated that DINP can reasonably be 

anticipated to cause carcinogenicity, based on liver tumors, kidney tumors and mononuclear cell 

leukemia MNCL observed in rodent studies.38  In 2005, however, USEPA revised its hazard assessment in 

response to public comments and subjected the revised assessment to peer review by both USEPA 

experts and external peer reviewers.  Importantly, in this revised assessment, USEPA reconsidered the 

evidence of DINP carcinogenicity and stated that “at this time, USEPA reserves judgment on whether 

DINP can reasonably be anticipated to cause cancer in humans.”39 

 

IV.  RECENTLY PROPOSED PPARα‐INDEPENDENT MECHANISMS OF TUMORIGENESIS ARE NOT 

SUPPORTED BY THE AVAILABLE INFORMATION 

 

  The conclusion that activation of the PPARα receptor is the key event in the induction of liver 

tumors in the laboratory animals is supported by the absence of tumors in nine PPAR‐α–null (knock‐out, 

or KO) mice exposed to a strong peroxisome proliferator (Wy‐14,643) after 11 months, whereas each of 

the six similarly exposed wild‐type mice had multiple hepatocellular neoplasms (Peters et al., 1997).  

Subsequent work further suggested that DEHP failed to induce peroxisomal enzymes and peroxisome 

proliferation in KO mice after 24 weeks of exposure (Ward et al. 1998). 

 

  Recent studies conducted in Japan using KO mice by Ito et al. (2007), however, have led some to 

suggest that liver tumors might occur in wild‐type mice via a PPARα‐independent mechanism and that 

the observed liver tumors may therefore have relevance to humans (Ito et al., 2007; Guyton et al., 

2009).40  The Japanese researchers observed that chronic exposure to DEHP resulted in a low level of 

liver tumors in the KO mice.  No such tumors were observed in wild‐type mice with an intact PPAR 

receptor, however, and the relevance of these tumors in KO mice to humans and the PPARα mode of 

action is unclear.  The unusually high survival rates reported by Ito et al. also raise serious questions 

about their data.  Ito et al. did not address in their paper why the survival rate in their study for both the 

wild‐type and KO mice was so different from that reported in Howroyd et al. (2004).41  In addition, data 

confirming that Ito et al. had in fact knocked out the PPARα alleles was not included in the published 

report, key information for validating their model and their results.  

 

                                                 
38
   65 Fed. Reg. 53684‐86, (Sept. 5, 2000). 

39
   70 Fed. Reg. 34439‐40, (June 14, 2005). 

40
  Guyton KZ et al. A reexamination of the PPAR‐a activation mode of action as a basis for assessing human cancer risks of environmental 

contaminants. Environ Health Persp 117: 1664–1672 (2009). 

41
   Howroyd P et al. Decreased longevity and enhancement of age‐dependent lesions in mice lacking the nuclear receptor peroxisome 

proliferator‐activated receptor α (PPARα). Toxicol Pathol 32: 591‐599 (2004). 
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  Ito et al. proposed an alternative mechanism for rodent liver tumors that is independent of 

PPARα activation.  Their hypothesis suggests increased production of reactive oxygen species as a result 

of increased oxidative stress in mouse hepatocytes due to DEHP exposure.  However, as suggested 

previously (Kostadinova et al., 2005; Balkwill and Couseens, 2005)42,43, the underlying increased 

susceptibility of the KO mice to tumorigenesis in the absence of chemical treatment may be due to 

fundamental mechanistic differences limiting the applicability of the model for testing the proposed 

hypothesis.  Spontaneous tumors are known to occur in the KO mice at 24 months (Takashima et al., 

2008).44  The utility of this mouse model to assess alternative mechanisms of tumorigenesis, therefore, 

is problematic as is its relevance to humans.  Importantly, there are no known reports on the ability of 

DINP to induce production of reactive oxygen species in livers of rodents, humans or non‐humans 

primates, or in cultured liver cells from these species. 

 

  Subsequent analysis of gene expression in wild‐type and KO mice by Ren et al. (2010)45 indicate 

that transcriptional responses to DEHP and other peroxisome proliferating chemicals are 

overwhelmingly dependent on PPARα.  Ren et al. point out that a number of their findings argue against 

the view that the induction of tumors in the KO mice supports a mode of action other than PPARα 

activation in wild‐type strains – 

 

First, the transcript profile comparison in the present study showed that the vast 
majority of genes altered by DEHP in wild‐type mice were not similarly altered in PPARα‐
null mice.  Thus, the DEHP‐induced tumors in wild‐type mice could only be PPARα 
independent if the ~6% of the PPARα‐independent gene changes were responsible for 
the tumors, an unlikely scenario given the magnitude of the PPARα‐dependent effects.  
Second, wild‐type and PPARa‐null mice exhibited differences in DEHP‐induced 
carcinogenesis.  DEHP did not induce equivalent levels of tumors in the wild‐type and 
PPARα‐null mice; there were no statistically significant increases in liver tumors in the 
wild‐type mice under these exposure conditions (200 ppm).  DEHP increased the 
expression of growth control genes in PPARα‐null mice but not in wild‐type mice at 
equivalent doses (Ito et al., 2007).  Transcript profiling and RTPCR showed highly 
dissimilar changes in gene expression in the liver tumors from the wild‐type and PPARa‐
null mice, indicating different molecular mechanisms of their origins (Takashima et al., 
2008).  Lastly, in the absence of PPARα, DEHP altered a unique set of genes not similarly 
altered in wild‐type mice.  Some of these genes are known targets of [constitutive‐
activated receptor or CAR].  Taken together, these data indicate that although DEHP can 
induce marginal increases in liver tumors in PPARα‐null mice, the mode of action is 
different from that in wild‐type mice.  The transcriptional responses induced by DEHP in 

                                                 
42
   Kostadinova R et al. PPARs in diseases: control mechanisms of inflammation. Curr Med Chem 12: 2995‐3009 (2005). 

43
   Balkwill F and Coussens LM. Cancer: an inflammatory link. Nature 431: 405‐406 (2004). 

44
   Takashima K et al. Different mechanisms of DEHP‐induced hepatocellular adenoma tumorigenesis in wild‐type and PPARα‐null mice. 

  J Occup Health 50: 169‐180 (2008). 
45
   Ren H et al. Characterization of peroxisome proliferator–activated receptor α—independent effects of PPARa activators in the rodent 

liver: di‐(2‐ethylhexyl) phthalate also activates the constitutive‐activated receptor. Toxicol Sci 113(1): 45‐59 (2010). 
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wild‐type and nullizygous mouse strains indicate that CAR is important in the induction 
of tumors in PPARα‐null mice.46 

 

Ren et al. point to evidence that PPARα and CAR have antagonist properties and note that “[t]he 

expression of the CAR gene itself was increased by DEHP in PPARα‐null but not in wild‐type mice.” 

(emphasis added)  CAR activation is a minor pathway in wild‐type mice and this activation, likely by 

MEHP, 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).47  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).48,49,50,51  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).52  The CAR2 transcript cannot be generated in marmoset, mouse or rat, indicating that CAR2 

may be unique to humans (Kent et al., 2002; DeKeyser et al., 2009).53  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).54,55,56  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). 

                                                 
46  Id. at 55‐56. 
47
   DeKeyser J et al. Di(2‐ethylhexyl) phthalate is a highly potent agonist for the human constitutive androstane receptor splice variant, CAR2.  

Molec Pharmacol 75: 1005‐1013 (2009). 
48
   Savkur R et al. Alternative splicing within the ligand binding domain of the human constitutive androstane receptor. Mol Genet Metab 80: 

216‐226 (2003). 

49
   Arnold K et al. Alternative splicing affects the function and tissue‐specific expression of the human constitutive androstane receptor. Nucl 

Recept 2: 1 (2004). 

50
   Jinno H et al. Identification of novel alternative splice variants of human constitutive androstane receptor and characterization of their 

expression in the liver. Mol Pharmacol 65: 496‐502 (2004). 

51
   Lamba J et al. Expression of constitutive androstane receptor splice variants in human tissues and their functional consequences. J 

Pharmacol Exp Ther 311: 811‐821 (2004). 
52
   Xu R et al. A structural basis for constitutive activity in the human CAR/RXRalpha heterodimer. Mol Cell 16: 919‐928 (2004). 

53
   Kent W et al. The human genome brower at UCSC. Genome Res 12: 996‐1006 (2002). 

54
   ECB.  bis(2‐ethylhexyl)phthalate (DEHP), CAS No: 117‐81‐7, EINECS No: 204‐211‐0, European Union Risk Assessment Report, PL‐2 80, EUR 

23384 EN, European Chemicals Bureau. (2008)  Available at http://ecb.jrc.it/DOCUMENTS/Existing‐Chemicals/ 
RISK_ASSESSMENT/REPORT/dehpreport042.pdf. 
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V.  EXPOSURE TO DINP DOES NOT RESULT IN TESTICULAR DYSGENESIS SYNDROME 

 

  The term Testicular Dysgenesis Syndrome (TDS) was introduced in 2001 when it was 

hypothesized that cases of abnormal spermatogenesis, cryptorchidism (undescended testicles), penile 

malformations such as hypospadias, and incidences of testicular cancer observed in humans all have a 

common etiology (Skakkebaek et al., 2001).57  In particular, it has been proposed that suppression of 

fetal androgen production and/or increased estrogen exposure is the underlying basis of this syndrome 

(Sharpe, 2003).58  The available data, however, are inconsistent in demonstrating that DINP produces 

antiandrogenic effects in young male rats.  Two studies, which used an unrealistically high dose of DINP 

administered by gavage, resulted in a questionably significant increase in malformation of the male 

reproductive tract (Gray et al., 2000)59 or decreased testosterone in male rats (Borch et al., 2004).  In 

contrast, no antiandrogenic effects were observed in male offspring of pregnant rats exposed to higher 

levels of DINP in the diet (Masutomi et al., 2003).60  Additionally, more definitive rat studies (i.e., 2‐

generation reproduction and developmental studies) indicate that DINP does not induce cryptorchidism, 

hypospadias or low sperm counts and therefore do not support attributing TDS to DINP exposure 

(Waterman et al., 2000).61 

 

VI.  DINP DOES NOT AFFECT TESTOSTERONE SYNTHESIS IN PRIMATES 

 
  The available cancer studies do not support an association between DINP exposure and 

testicular cancer in laboratory animals.  Linton et al. 1997 reported no significant excess of bilateral 

interstitial cell tumors in Fischer 344 rats exposed to up to 307 mg/kg/day.  Although testicular tumor 

incidence in high dose animals was significantly elevated in the cancer study conducted by Bio/dynamics 

(1986), the incidence fell within the range of historical control values.  In a two‐generation reproductive 

study, however, testicular histology was unaffected in both generations at doses up to 779 mg/kg 

bw/day (Waterman, 2000).  The 13‐week gavage study in adult marmosets conducted by Hall et al. 

(1999) resulted in no evidence of microscopic testicular changes at doses that did adversely affect body 

                                                                                                                                                             
55
   Rhodes C, et al. (1986).  Comparative pharmacokinetics and subacute toxicity of di(2‐ethylhexyl)phthalate (DEHP) in rats and marmosets: 

Extrapolation of effects in rodents to man.  Environ Health Persp 65:299‐308 (1986).  Available at 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1474672. 

56
   Tomita I et al. Mutagenic/carcinogenic potential of DEHP and MEHP.  Environ Health Persp 45: 119‐125 (1982). 

57  Skakkebaek NE et al. Testicular dysgenesis syndrome: an increasingly common developmental disorder with environmental aspects. 
Human Reprod 16: 972‐978 (2001). 

58
   Sharpe RM. The ‘oestrogen hypothesis’ – where do we stand now? Intl J of Androl 26: 2‐15 (2003). 

59
   Gray LE et al. Perinatal exposure to the phthalates DEHP, BBP and DINP, but not DEP, DMP, or DOTP, alters sexual differentiation of the 

male rat. Toxicol Sci 58: 350‐365 (2000). 

60
   Masutomi N et al. Impact of dietary exposure to methoxychlor, genisten, or diisononyl phthalate during the prenatal period on the 

development of the rat endocrine/reproductive systems in later life. Toxicol 192: 149 – 170 (2003). 

61
   Waterman SJ et al. Two generation reproduction study in rats given diisononyl phthalate in the diet. Reprod Toxicol 14(1): 21‐36 (2000). 
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weight gain (2500 mg/kg bw/day).  Testicular lesions were not observed by Pugh et al. (2000) 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. 

 

  In reviewing the results of Borch et al. (2004), an expert panel convened by the National 

Toxicology Program’s Center for Evaluation of Risks to Human Reproduction noted that “[e]x vivo 

testosterone production is of questionable relevance to human risk, especially when no in vivo plasma 

testosterone or LH changes were noted.”62  This caution is underscored by the results of a 13‐week 

study in marmoset monkeys which observed no treatment‐related changes in the testosterone 

concentrations assessed, as well as no changes in testis weight or testis microscopic examination (Hall et 

al., 1999).  A more recent, small study of fetal exposure of marmosets to benzyl butyl phthalate (BBP) 

found no measurable effects on testis development/function, testicular dysgenesis, and observed no 

effects by adulthood (McKinnell et al., 2009).63 

 
VII.  HUMAN EXPOSURES TO DINP ARE FAR BELOW LEVELS THAT COULD CAUSE CANCER, EVEN IF 

THE ANIMAL DATA ARE ASSUMED RELEVANT FOR HUMAN RISK ASSESSMENT 

 

  Since 1999, the Centers for Disease Control and Prevention (CDC) have been analyzing samples 

of urine from the U.S. population for phthalate metabolites, including mono‐isononyl phthalate (MINP).  

CDC has reported its biomonitoring findings, representative of the U.S. population, in reports issued in 

2001, 2003, 2005, and 2009.  The 2009 report includes the information from the previous reports and 

provides data for an additional 2600 persons (CDC, 2009).64 

 

  For the results reported in 2009, MINP was not detected at the 50th or 75th percentile levels.  At 

the 95th percentile, the creatinine‐corrected value for the total population was 2.92 micrograms per 

gram creatinine (μg/g), which corresponds to an estimated DINP exposure of 1.3 µg/kg/day.  The 95th 

percentile creatinine‐corrected value for children, age 6‐11, was 3.27 μg/g, corresponding to an 

estimated DINP exposure of 0.82 μg/kg/day.  In all of the reported groups (by age, by gender, and by 

race/ethnicity), the 95th percentile exposure levels for DINP appear to have declined slightly from the 

1999‐2000 CDC survey. 

  An analysis of DINP metabolites by Silva et al. (2006) suggest that the oxidative metabolites may 

be better biomarkers of DINP and that use of MINP as the sole biomarker may underestimate the 

                                                 
62
   Center for Evaluation of Risks to Human Reproduction (CERHR), Expert Panel Report on Update on the Reproductive and Developmental 

Toxicity of Di(2‐ethylhexyl) Phthalate, NTP‐CERHR‐DEHP‐05 (November 2005). 
63
   McKinnell C et al. Effect of fetal or neonatal exposure to monobutyl phthalate (MBP) on testicular development and function in the 

marmoset. Human Reprod 24(9): 2244‐2254 (2009). 

64
   CDC. Fourth National Report on Human Exposure to Environmental Chemicals. Department of Health and Human Services (2009). 
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prevalence of human exposure to DINP.65  While their investigation of samples from 129 adults indicate 

that DINP exposure may be widespread, the (uncorrected) metabolite levels66 reported suggest that 

mean exposures are below 3 µg/kg/day and exposures at the 95th percentile are around 15 µg/kg/day or 

less.  Wittassek et al. (2007) also measured oxidative metabolites in the urine of 240 students sampled 

during 1988‐1993 and an additional 119 sampled between 2001 and 2003 and calculated exposure 

levels based on the measured levels of these oxidative metabolites. 67  The 50th percentile levels they 

reported were 0.22 and 0.37 μg/kg/day respectively with 95th percentile values of 1.6 and 1.5 

μg/kg/day – consistent with the estimates based on MINP. 

 

  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 et al., 1998a,b).  This is more than 20,000 times greater than the highest 95th 

percentile exposure estimated for this non‐genotoxic substance, assuming that humans were as 

sensitive to the effects of DINP exposure as mice.  The scientific evidence, however, is that humans are 

far less sensitive than mice.  Thus, it is not plausible that exposures of Californians to DINP would 

contribute to cancer incidence, even if the animal data are assumed relevant to human risk assessment. 

 

VIII.  CONCLUSION 

 

  Based on the available data for DINP, it can be concluded that the chemical is not genotoxic, 

cancer findings in rodent bioassays are not relevant to humans, proposed alternative mechanisms for 

liver tumorigenesis are not supported by the available information, and a role for DINP in TDS is not well 

substantiated.  Moreover, it is not plausible that exposures of Californians to DINP would contribute to 

cancer incidence, even if the animal data are assumed relevant to human risk assessment. 

 

  As a result, DINP therefore does not warrant listing under Proposition 65 as “known to the state 

to cause cancer” because it has not been clearly shown to cause cancer as required by California law. 

                                                 
65
   Silva MJ et al. Oxidative metabolites of diisononyl phthalate as biomarkers for human exposure assessment. Environ Health Persp 114(8): 

1158‐1161 (2006).  The metabolites measured were mono(hxdroxyisononyl) phthalate (MHINP), mono(carboxyisononyl) phthalate 
(MCINP), and mono(oxoisononyl) phthalate (MOINP). 

66
   The metabolite levels reported by Silva et al were not corrected for creatinine. CDC information for MINP were used to make the 

creatinine correction so that DINP exposure could be estimated.  Molar conversion factors for MHINP (0.202), MCINP (0.106), and MOINP 
(0.016) were based on information from Fromme et al., 2007 (Environ Intl 33: 1012‐1020). 

67
   Wittassek M et al. Internal phthalate exposure over the last two decades – a retrospective human biomonitoring study. Intl J Hyg Environ 

Health 210: 319–333 (2007). 
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In late 2012, the National Industrial Chemicals Notification and Assessment Scheme (NICNAS) of the 
Australian Government Department of Health and Ageing released Priority Existing Chemical 
Assessment Report (PEC No. 35) on diisononyl phthalate (DINP). The report concludes that “[c]urrent 
risk estimates do not indicate a health concern from exposure of children to DINP in toys and child care 
articles even at the highest (reasonable worst case) exposure scenario considered.” In examining 
carcinogenicity, the NICNAS report states:  
 

Overall, the available data do not indicate a carcinogenic potential in humans for DINP. MCL 
[mononuclear cell leukaemia] was not found in other mammalian species and has no 
comparable type in humans. Kidney tumours were attributed to alpha 2µ globulin tumourigenic 
mechanism specific in male rats. Liver carcinogenicity was related to peroxisome proliferative 
effects, which is regarded as not relevant to human health. 

 
Furthermore, the report states that “[r]isks from cumulative exposure of children to DINP in toys and 
child-care articles with or without DEHP at maximum 1% together with co-exposure to DEP in cosmetics 
at maximum 0.5% in body lotions are considered low, as cumulative MOEs [Margins of Exposure] for the 
three critical health effects identified [liver and kidney toxicity, and reproductive/developmental effects] 
are all above 100[], which indicate an adequate safety margin.” The final assessment report is available 
at: http://www.nicnas.gov.au/chemical-information/pec-assessments. 
 
Taken together, these assessments confirm the conclusions as set forth in the ACC comments dated 
February 16, 2010, that DINP is not mutagenic or genotoxic, animal cancers in rodents exposed to DINP 
are not relevant to humans, recently proposed PPARalpha-independent mechanisms of tumorigenesis 
are not supported by the available information, exposure to DINP does not result in Testicular 
Dysgenesis Syndrome, and DINP does not affect testosterone synthesis in primates. 
 
Additionally, I have enclosed technical comments, prepared at the request of the High Phthalates Panel, 
from Dr. Gordon C. Hard and from Dr. James S. Felton. Please contact me at 
eileen_conneely@americanchemistry.com or at 202-249-6711 if you require further information. 
 
Sincerely, 
 
Eileen Conneely 
 
Eileen Conneely, J.D., M.P.H. 
Director, Chemical Products and Technology Division 
American Chemistry Council 
 
Attachments: 
Submission of Information on Diisononyl Phthalate, Phthalate Esters Panel, ACC, February 16, 2010 
Comments on the Genotoxicity and Carcinogenic Relevance to Humans of the Phthalate Ester- 
Di(isononyl) Phthalate (DINP), James S. Felton, Ph.D., November 11, 2013 
Commentary on Assessment of DINP, Gordon C. Hard, Ph.D., November 12, 2013 

i See attached comments from the ACC Phthalate Ester Panel dated February 16, 2010. 
ii In concluding that no further risk management measures are needed, ECHA stated that “[t]he available new 
information on the carcinogenicity of DINP further supports the conclusions of the EU Risk Assessment concerning 

americanchemistry.com®                                  700 Second St., NE | Washington, DC  20002 | (202) 249.7000                                                                       

                                                           

http://www.nicnas.gov.au/chemical-information/pec-assessments
mailto:eileen_conneely@americanchemistry.com
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renal tumors (EC 2003a). These neoplasms are assumed to have modes of actions which are not considered to be 
relevant for humans (alpha-2u-globulin).” With regard to liver carcinogenicity, ECHA states that “[i]t is believed 
that peroxisome proliferation is the underlying mode of action for development of liver tumors with DINP. 
However, the literature indicates that the mechanisms of liver carcinogenicity in rodents with peroxisome 
proliferators have not entirely been elucidated and that multiple pathways might exist.” However, ECHA merely 
indicates that this question “might indicate a need for some caution when interpreting the relevance of rodent 
carcinogenicity with DINP to humans.” Finally, with regard to MNCL [mononuclear cell leukemia], the report states 
that “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. DINP is not genotoxic and it is argued (Caldwell 1999) 
that MNCL follows a threshold mode of action. The available information does not allow [us] to draw definite 
conclusions on the matter. However, as a reasonable approach it would be possible to conclude that the MNCL 
findings further strengthen the selected NOAELs for repeated dose toxicity (15 and 88 mg/kg bw/day). Since such 
conclusion would not influence the outcome of the current risk assessment, the endpoint is not taken further to 
the risk characterisation step.” Thus, the overall conclusion remains that no further risk management measures are 
needed. 

americanchemistry.com®                                  700 Second St., NE | Washington, DC  20002 | (202) 249.7000                                                                       

                                                                                                                                                                                           



Comments on the Genotoxicity and Carcinogenic Relevance to 
Humans of the phthalate ester- di(isononyl) phthalate (DINP) 

 
 

James S. Felton, Ph.D. 
 

November 11, 2013 
 
 This is a review of the genotoxicity and non-genotoxic potential 
for causing tumors in humans from the exposure to the phthalate ester 
di(isononyl) phthalate (DINP).  This compound is used as a plasticizer 
for numerous consumer goods, and thus, human exposure is estimated 
at 1-2 µg/kg/day. 
 
 The genotoxicity of DINP in the Ames Salmonella bacterial 
mutation test was negative in all strains tested with or without 
activation.  It should also be pointed out that Zeiger et al. (Env. Mutg. 
7:213) tested 16 phthalate diesters and none gave a positive response in 
the Ames Salmonella assay.  These results suggest that this class of 
chemicals does not produce frameshift or base substitution mutations in 
bacteria even when activated by liver microsomes from rodents.  McKee 
et al. (J. Appl. Tox. 20: 491) repeated the Ames Salmonella Assay for 
DINP and they confirmed the Zeiger findings, all results were negative. 
 
 Barber et al. (J Appl. Tox, 20:69) went beyond the bacterial test 
system and assessed this class of compounds in the mouse lymphoma 
mammalian mutation assay.  Eight phthalate esters were evaluated, 
including DINP.  DINP was negative in the test.  Two esters, dimethyl 
phthalate and di-n-butyl phthalate were positive with rat liver 
microsome activation.  This same group looked at the Balb/3T3 cell in 
vitro transformation assay.  All eight esters including DINP were 
negative in the transformation test.  Thus, the mammalian mutation 
analysis of DINP was negative. 
 
 DINP also showed no increase in chromosomal aberrations in 
Chinese Hamster ovary cells (CHO cells) with Aroclor induced SD rat 
liver S9.  The DMBA positive control was more than 30 times higher 
than the acetone control (McKee et al.).   In vivo chromosome breakage 
was evaluated for this chemical using micronuclei analysis in CD-1 mice.  



Again, no positive results were observed.  There are 2 other studies with 
DINP that were not published, but are relevant to this discussion of DNA 
damage.  Litton Bionetics (1981) found no unscheduled DNA synthesis 
in primary rat hepatocytes after DINP exposure and Microbiological 
Assoc. (1981) found no increase in chromosomal aberrations in rat 
bone marrow after exposure to DINP. 
 
 Overall evaluation of the genetic toxicology of DINP:  This 
compound is not a genotoxin based on negative findings in bacterial and 
mammalian mutation assays, in vitro chromosomal damage assays, 
mammalian in vivo micronuclei analysis, and the mouse lymphoma 
assay, an assay for increased proliferation in cells in culture. 
 
 In contrast, the non-genotoxic induction of tumors in rodents is a 
different story.  Hepatocarcinogenicity in rats and mice seemingly 
caused by activation of the peroxisome proliferator receptor alpha by 
DINP was clearly seen.  Male rat renal cell carcinomas were seen with 
DINP.  They are dependant on Alpha2u-globulin induction.  Mononuclear 
cell leukemia was seen in both sexes of Fischer-344 rats fed DINP 
(Lington et al., Fundam. Appl. Toxicol. 36:79). 
 
 In summary DINP induces 3 different types of rodent tumors, but 
each is not thought to be relevant to the human because of rodent 
specific mechanisms of action.  The kidney tumors in male rats are 
caused by the induction of Alpha2u-globulin and this is reported to be 
specific to the male rat (Baetcke et al., EPA/625/3-91/019F (1992).  
The hepatocarcinomas in the rats and mice are related to peroxisome 
proliferation- also not thought to be relevant to humans.  Finally, the 
leukemia in F-344 rats is specific to aging F-344 rats and probably not 
relevant to humans.  In addition, cynomolgus monkeys did not show 
liver effects on peroxisome proliferation from DINP as seen in the 
rodents, suggesting primates don’t use the same mechanism for 
induction of hepatocarcinomas as rodents. 
  
 In conclusion, DINP appears to cause cancer in rodents through 
non-genotoxic mechanisms, as no genotoxic activity is seen in bacteria, 
mammalian cells, or in vivo in the rodent.  Thus, the most common 
mechanism for tumor formation from chemicals and radiation, mutation 
of oncogenes and/or tumor suppressor genes, as well as chromosomal 



loss or damage seem unlikely as mechanisms for carcinogenesis with 
this phthalate.  In order to declare DINP a possible human carcinogen, 
one must rationalize that the rodent specific mechanisms for 
hepatocarcinomas, renal cell carcinomas, and leukemia are relevant to 
human carcinogenesis.  The data as reported do not suggest that this is 
the case. 
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INTRODUCTION 
 

At the request of the High Phthalates Panel of the American Chemistry 
Council, Washington DC, USA, I have reviewed and provided technical 
comments on aspects related to kidney in the Hazard Identification 
Document (HID) for di-isononyl phthalate (DINP) prepared for the Carcinogen 
Identification Committee of the Science Advisory Board of the California Office 
of Environmental Health Hazard Assessment (OEHHA). This document (Tomar 
et al, 2013) was released for public comment prior to an announcement of the 
Carcinogen Identification Committee Meeting on December 5, 2013, regarding 
a decision on the possible listing of DINP as a carcinogen for the State of 
California Proposition 65. 
 

COMMENTS 
 

In this commentary, introductory remarks and specific comments will address 
items and statements in the HID-DINP evaluation (Tomar et al, 2013), which 
will be referred to as the Document from hereon. Specific comments are listed 
under key event and other pertinent subheadings.  
 
Under Section 4, Mechanisms, Subsection 4.7 α2u-Globulin Nephropathy, 
pages 60-62, it is apparent that the assessment of the renal effects of DINP in 
the Document has been based on consideration of only one paper at a single 
time-point, Caldwell et al (1999). On this basis alone, the Document dismisses 
the validity of this male rat-specific mechanistic category for DINP. Although 
the Caldwell et al study provided some new information it was not a definitive 
or comprehensive re-evaluation of the renal histopathology induced by DINP, 
and it certainly did not qualify as the only source of data on DINP renal 
effects.  
 
In order to identify alpha2u-globulin (α2u-g) nephropathy as an underlying 

mechanism for chemically-induced renal tubule tumor induction, it is 
necessary to consider available evidence from subchronic studies in 
conjunction with data from long-term cancer bioassays, as well as take into 
consideration the fact that the key features of α2u-g nephropathy do not 
occur contemporaneously but develop over a distinctive time course. The 
Document has not considered the results from both long-term and shorter 
term toxicity studies in their final assessment of mechanisms underlying renal 
tumor induction. The decision is based almost entirely on the data reported by 
Caldwell et al (1999), which was a re-evaluation of archived tissue at a single 
time-point, the 12-month segment of the Lington et al (1997) long-term study 
in F344 rats. From consideration of this study, it is concluded in the Document 
that DINP does not meet all of the criteria listed by the International Agency 
for Research on Cancer (IARC) for an α2u-g mechanism, especially IARC 
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items 2, 4, and 5, nor any of the three supporting criteria (Swenberg and 
Lehman-McKeeman, 1999). 
 
With chemicals that are moderate to strong inducers of α2u-g nephropathy in 
young mature male rats, the first histopathological change in the kidney is an 
increase in hyaline droplets in the cytoplasm of the P2 segment of proximal 
tubule in the cortex. This occurs rapidly, is usually well developed by 7-10 
days, and persists through the ensuing several months of exposure. However, 
because liver synthesis of α2u-g commences to decrease substantially 
sometime during mid-life, there are negligible levels of circulating α2u-g and 
no further formation of hyaline droplets in male rat kidneys in the later phases 
of 2-year studies. They are not evident in 2-year studies because, by this 
time, liver synthesis of α2u-g and the circulating α2u-g have declined to 
negligible levels (Roy et al, 1983). Hyaline droplet accumulation in α2u-g 
nephropathy leads to formation of granular casts at the junction of the outer 
and inner stripes of outer medulla (often termed the corticomedullary junction 
by study pathologists) after several weeks and it is usually present by 13 
weeks. These casts are formed following detachment of P2 cells engorged 
with protein (α2u-g), which become lodged at the site where the lumen of the 
P3 tubule narrows into the thin descending limb of Henle. Chronically, 
granular casts disappear and mineral deposits form in the thin descending 
limbs of Henle in the papilla and/or lower medulla. The deposits appear to 
arise from cell debris that lodges near the sharp u-bend of the thin 
descending loop of Henle, which then becomes mineralized. These deposits 
are usually seen by 15 months in chronic studies, and persist into the 2-year 
study termination. In association with this extended course of progression, a 
low incidence of renal tubule tumors can develop in the cortex at late stages 
in the study (Swenberg and Lehman-McKeeman, 1999; Hard et al, 2003; 
Frazier et al, 2012). Granular casts and linear papillary mineralization are 
pathognomic of this mechanism, but may be absent if the chemical is a weak 
inducer of an α2u-g nephropathy response. 

 
Hyaline droplet accumulation 
The various subchronic studies on DINP, some of which were conducted in 
the early part of the 1980 decade, have not reported observation of 
eosinophilic or hyaline droplets in the cortical tubules of male rat groups. 
However, readers of the Document should be aware that hyaline droplet 
accumulation (HDA) is not always easy to visualize in hematoxylin and eosin 
(H&E) sections, and this renal alteration came into prominence in the latter 
half of the 1980 decade. The ability to visualize HDA in H&E-stained kidney 
sections by light microscopy is very much dependent on the quality of the 
tissue and the staining, and whether alcohol solutions were used in the 
staining procedure. When an aqueous solution of eosin is used rather than 
alcohol-based eosin, cytoplasmic droplets are much more difficult to visualize 
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(Luz and Murray, 1991). In fact, Luz and Murray (1991) noted that hyaline 
droplet recognition came into prominence when automated staining, which 
used alcoholic-based eosin, replaced manual staining with aqueous solutions 
of eosin. Today, HDA recognition usually relies on staining of kidney sections 
with Mallory-Heidenhain (Hard, 2008, Frazier et al, 2012), a protein stain, 
which appears not to have been used in any of the subchronic studies with 
DINP.  
 
Granular casts 
On page 61-62 and elsewhere, the Document states that “no data is available 
on subchronic histopathological changes such as granular cast formation and 
linear papillary mineralization”. This recurring statement is incorrect. Two 
industry reports have documented the presence of granular casts with high 
doses of DINP in male rats, namely EPL (1982) and Myers (1991).  
 
In the 13-week study reported by EPL (1982), no granular casts were 
observed in the kidneys of control male rats or in any female groups, but 
minimal to moderate granular casts were observed in 4/15 male rats in the 
0.3% DINP group, and slight to moderately severe granular tubular casts 
were observed in 15/15 male rats in the 1% dose group. 
 
In a 13-week oral toxicity study of DINP (Myers, 1991), granular casts were 
reported at the corticomedullary junction, described as collections of 
degenerating tubule cell debris, in the 5000, 10,000, and 20,000 ppm male rat 
dose groups. This change showed a dose-related increased incidence from 0 
rats in the control male group, to 6/10 male rats at 5000 ppm, and 10/10 
male rats dosed with 10,000 and 20,000 ppm. Granular casts were absent 
from all groups of female rats. 
 
Thus, in each of these two reports, granular casts occurred in a dose-related 
incidence and were absent in all female groups and in control male rat 

groups.  
 
Linear papillary mineralization 
On page 61-62, the Document states that “no data is available on subchronic 
histopathological changes such as granular cast formation and linear papillary 
mineralization”. In fact, two studies have reported the presence of papillary 
(or medullary) mineralization at chronic time-points, namely Moore (1998a) 
and Bio/Dynamics Inc (1986). 
 
In a carcinogenicity study of DINP, Moore (1998a) observed an increase in 
mineralization of the renal papilla in male rats, but not in female rats. Papillary 
mineralization was recorded as increased in the 2 highest dose groups, 6000 
and 12000 ppm, but not in the 0, 500, or 1500 ppm dose groups. The severity 
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was greatest in the 12000 ppm dose group compared to the 6000 ppm dose 
group. There was, therefore, a dose-related response in this histological 
marker of α2u-g nephropathy. 
 
In the Bio/Dynamics Inc (1986) carcinogenicity study of DINP, mineral 
deposits in the renal medulla were “commonly observed in high dose males 
(25/70) compared to controls (3/70)”, a difference which was statistically 
significant.  
 
Although the wording used in the IARC criteria specifies “linear” papillary 
mineralization, the lesion associated with α2u-g nephropathy does not always 
appear to be linear. When viewed in optimally oriented sections of renal 
papilla the mineralization chronically associated with α2u-g nephropathy is in 
the form of linear deposits along the descending loops of Henle, most 
conspicuously in the papilla, but also sometimes higher in the medulla. 
However, depending on the plane of section, this linear mineralization can 
often appear as rounded, small intratubular foci. The observation of 
mineralization confined to the medulla and/or papilla in two long-term studies 
is firm evidence of a chronic outcome of α2u-g nephropathy, and the results 
showing increasing incidence or severity at the higher doses of DINP 
demonstrates a dose-response relationship. 
 
Identification of accumulating protein as α2u-g 
Two studies have demonstrated that α2u-g is either present or increased in 
kidney tubules of male rats exposed to DINP, namely Caldwell et al (1999) 
and Schoonhoven et al (2002). 
 
In the study of Schoonhoven et al (2002), male F344 rats gavaged with 90, 
300, or 900 mg/kg of DINP for 5 days showed an increase in 
immunohistochemical staining for α2u-g in the treated groups compared to 
the control group, indicating that the protein accumulating in the kidney of 

rats exposed to DINP is α2u-g. 
 
Caldwell et al (1999) in their retrospective evaluation of the 12-month interim 
sacrifice animals from the chronic study of Lington et al (1997) also 
demonstrated that α2u-g was increased in kidneys of male rats at the highest 
dose of 0.6% of DINP, but not in the low-dose (0.03%) or mid-dose (0.3%) 
treatment groups. This data was dismissed in the Document. In reviewing the 
Caldwell et al (1999) paper on page 60, the Document states that “the 
authors chose to evaluate kidney from the 12-month interim sacrifice animals 
because the 6-month 6000 ppm exposure, interim sacrifice animals did not 
demonstrate α2u-g accumulation”. Caldwell et al (1999) had first conducted a 
feasibility study on (in their words) “a limited number of archived kidneys 
from the 6- and 12-month interim sacrifices to determine their suitability for 
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the immunohistochemical (IHC) staining techniques used to measure α2UG 
and PCNA, and to evaluate the feasibility of using the Bioquant image-analysis 
system to objectively quantify these findings”. Based on the feasibility study, 
Caldwell et al chose to use kidneys from the 12-month study. They found that 
accumulation of α2u-g did not appear to be increased in the high-dose male 
rats at the 6-month interval. However, along with those of Schoonhoven et al 
(2002) the kidneys were positive for the presence of α2u-g. The α2u-g 
immunohistochemical procedure can be capricious, especially with long-
archived tissue, and the 12-month results should stand as a positive finding. 
 
Demonstration of binding of DINP to α2u-g 
Schoonhoven et al (2002) have shown that after a single 900 mg/kg dose of 
[14C]-labeled DINP the radiolabeled DINP binds reversibly to male rat kidney 
cytosol, but not to female rat kidney cytosol, demonstrating non-covalent 
binding of DINP to α2u-g protein. This is a very strong piece of information in 
support of an α2u-g nephropathy mechanism. 
 
Demonstration of tubule cell proliferation 
Increase in cell proliferation after DINP has been demonstrated in two studies, 
Caldwell et al (1999) and Schoonhoven et al (2002). 
 
Schoonhoven et al (2002) gavaged male F344 rats with corn oil alone or with 
90, 300, or 900 mg/kg of DINP for 5 days. The rats received BrdU (as a label 
for cells undergoing DNA synthesis) in the drinking water for 72 hours prior to 
sacrifice. There were localized aggregates of labeled cells in the cortex (typical 
of the staining pattern for cell proliferation in α2u-g nephropathy), and 
counting most of the cells in the cortex demonstrated a doubling of cell 
proliferation in DINP-treated groups compared to the corn oil control. 
 
Caldwell et al (1999) in re-evaluating the 12 month sacrifice group of males 
from the chronic toxicity and carcinogenicity study of Lington et al (1997) also 

showed an increase in the tubule cell proliferation index using PCNA on 
archived kidney tissue. On page 61 concerning the data in Caldwell et al 
(1999), the Document states that the “reported increase in renal tubule cell 
proliferation was not statistically significant, and the increase in the 6000 ppm 
males was not substantially greater than the increase observed in the 6000 
ppm females (125% versus 112% respectively)”. The PCNA method is not as 
definitive as the BrdU technique, but this study does add confirmatory 
evidence for a DINP-induced increase in cell proliferation at a later, chronic 
time-point.  
 
Chronic progressive nephropathy 
The Document makes no acknowledgement of the fact that chemicals 
inducing α2u-g nephropathy also exacerbate spontaneous chronic progressive 
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nephropathy (CPN) (Hard et al, 1993), and that this should be taken into 
consideration when assessing weak inducers of α2u-g nephropathy (Lock and 
Hard, 2010). An advanced stage of CPN has been shown to be a low risk 
factor for renal tubule tumor development (Hard et al 2012), and it has been 
acknowledged that, with weak inducers of α2u-g nephropathy, both α2u-g 
and CPN exacerbation modes of action may interact to produce a low 
incidence of renal tubule tumors in male rats (Lock and Hard, 2010). Like α2u-
g nephropathy, CPN has no relevance for extrapolation to humans (Hard et al, 
2009). 
 
The terms tubule regeneration or basophilic tubules are frequently used in 
toxicologic pathology to denote a focus or foci of CPN. On page 61 of the 
Document concerning the assessment based on Caldwell et al (1999), the 
statement that “renal tubule regeneration was noted in one female receiving 
6000 ppm” was cited as evidence that female rats showed toxicity. The 
incidence of renal tubule regeneration noted in the males and females 
suggests that tubule regeneration in this study represents CPN, and therefore 
the presence of one female rat with this lesion does not imply toxicity. Tubular 
regeneration or basophilic tubules were also observed in other studies. Myers 
(1991), in a 13-week oral toxicity study of DINP, reported an increase in 
regenerative/basophilic tubules in male rats receiving 5000 10,000, and 
20,000 ppm of DINP over controls. In the high dose group this lesion was 
graded as moderate in 8/10 and slight in 2/10 rats, compared to 10/10 control 
males graded as minimal. The incidence of this change was very much less in 
females and was not increased in this sex. In the high dose 2/10 female rats 
had a diagnosis of minimal regenerative/basophilic tubules compared to 1/10 
grade minimal in the control females. In terms of its recorded morphology, 
incidence, and severity, this change conforms to the description used for CPN, 
and exacerbated CPN is a constant accompaniment of α2u-g nephropathy 
(Hard et al, 1993). 
 

Accordance with IARC criteria 
The criteria proposed by IARC for determining whether a chemical induces 
renal tubule tumor development through a male rat-specific mechanism 
involving α2u-g nephropathy have been listed by Swenberg and McKeeman 
(1999). The criteria are as follows: 
 

1. Renal tumors occur only in male rats. 
2. Acute exposure exacerbates hyaline droplet formation. 
3. α2u-Globulin accumulates in hyaline droplets. 
4. Subchronic histopathologic changes including granular cast formation 

and linear papillary mineralization. 
5. Absence of hyaline droplets and characteristic histopathological changes 

in female rats and mice. 
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6. Negative for genotoxicity in a battery of tests. 
 
Additional supporting evidence: 
7. Reversible binding of chemical (or metabolites) to α2u-globulin. 
8. Increased and sustained cell proliferation in P2 segment of proximal 

tubules in male rat kidneys. 
9. Dose response relationship between hyaline droplet severity and renal 

tumor incidence. 
 

In considering the data from DINP studies in terms of the IARC criteria: 
1. There is no doubt that DINP administration was associated with 

occurrence of renal tubule tumors at high doses in male F344 rats, and 
there was no evidence of renal tubule tumors in carcinogenicity studies 
of female rats or mice (Lington et al, 1997; Moore, 1998a, 1998b; 
Bio/Dynamics Inc, 1986) 

2. None of the subchronic studies with DINP reported hyaline droplet 
formation but most of these studies pre-dated experience with the α2u-
g syndrome. In addition, none of the studies employed staining with 
Mallory Hiedenhain, which is now used for making hyaline droplets 
more visible. Furthermore, although not recognized by the study 
pathologists, accumulation of hyaline droplets would have necessarily 
preceded the formation of granular casts at the junction where the P2 
tubule becomes the descending limb of Henle. 

3. The identity of the protein accumulating in the kidney was 
demonstrated to be α2u-g in two studies using immunohistochemical 
staining with an antibody to α2u-g protein. 

4. The sequence of histopathological events included formation of granular 
casts at 13 weeks after DINP treatment in two studies (identified as 
located at the corticomedullary junction in one study), as well as 
formation of papillary or medullary mineralization in two chronic studies. 
Considered together, these lesions can be regarded as pathognomonic 

for α2u-g nephropathy. 
5. None of the subchronic or chronic studies recorded any of the 

histopathologic lesions characteristic of α2u-g nephropathy in female 
rats, or in mice of either sex (Moore, 1998b). 

6. The Document considers DINP to be non-genotoxic. 
7. One study has provided evidence that DINP binds to α2u-g. 
8. Two studies have demonstrated that cell proliferation is increased in 

male rats after treatment with DINP, one study after 5 days of gavage 
administration, and a second in archived tissue from male rats 12 
months from study commencement. Demonstrating increases at both 5 
days and 12 months shows that the increase is sustained. 

9. A dose-response relationship involving hyaline droplet accumulation 
could not be demonstrated as this lesion was not recognized in any of 
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the subchronic studies. However, in studies reporting the induction of 
granular casts at 13 weeks and papillary or medullary mineralization in 
later months there was a clear dose-response matching doses at which 
renal tubule tumors occurred. 

 
Conclusions 

 
There appears to be sufficient evidence to conclude that DINP fulfills all but 
one of the IARC criteria required for a chemical inducing renal tubule tumors 
through a male rat-specific α2u-g nephropathy mechanism. The one item for 
which data are not available (hyaline droplets) can also be implicated by the 
presence of dependent characteristic lesions (granular casts and papillary 
mineralization) occurring at later times. Therefore it is my expert opinion that 
the kidney tumors linked with DINP arose through a male rat-specific α2u-g 
nephropathy mechanism and are not relevant for consideration as part of a 
human health hazard assessment for DINP. 
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	Ms. Cynthia Oshita 
	Office of Environmental Health Hazard Assessment 
	P.O. Box 4010, MS-19B 
	Sacramento, California 95812-4010 
	 
	RE:  Carcinogen Identification Committee Meeting Scheduled for December 5, 2013 to Consider Possible Listing of Diisononyl Phthalate 
	 
	Dear Ms. Oshita, 
	 
	On behalf of the High Phthalates Panel of the American Chemistry Council (ACC) I write to reaffirm the comments submitted by the Phthalate Esters Panel of the American Chemistry Council on February 16, 2010 in relation to the 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 (October 15, 2009). The available data for DINP, including research findings in the f
	i

	i See attached comments from the ACC Phthalate Ester Panel dated February 16, 2010. 
	i See attached comments from the ACC Phthalate Ester Panel dated February 16, 2010. 
	ii In concluding that no further risk management measures are needed, ECHA stated that “[t]he available new information on the carcinogenicity of DINP further supports the conclusions of the EU Risk Assessment concerning 

	 
	Furthermore, DINP has been registered under REACH, the European chemicals management program. It is not on the candidate list for authorization, indicating low concern. Under the European Chemicals Agency’s (ECHA) Classification, Labelling and Packaging (CLP) regulation, DINP is not classified as a carcinogen. Although DINP has not been reviewed by the World Health Organization (WHO) International Agency for Research on Cancer (IARC), it is not on the priority list for the agency, indicating a low degree of
	 
	In August of 2013 ECHA released its final report on the re-evaluation of DINP and DIDP in toys and child care articles that can be placed in the mouth. The report concludes that “a risk from the mouthing of toys and childcare articles with DINP and DIDP cannot be excluded if the existing restriction were lifted (i.e. in the scenario where DINP or DIDP would be present in toys and childcare articles).” However, based on the risk assessment in the report, ECHA also concludes that no further risk management me
	http://echa.europa.eu/documents/10162/31b4067e-de40-4044-93e8-9c9ff1960715
	ii

	renal tumors (EC 2003a). These neoplasms are assumed to have modes of actions which are not considered to be relevant for humans (alpha-2u-globulin).” With regard to liver carcinogenicity, ECHA states that “[i]t is believed that peroxisome proliferation is the underlying mode of action for development of liver tumors with DINP. However, the literature indicates that the mechanisms of liver carcinogenicity in rodents with peroxisome proliferators have not entirely been elucidated and that multiple pathways m
	renal tumors (EC 2003a). These neoplasms are assumed to have modes of actions which are not considered to be relevant for humans (alpha-2u-globulin).” With regard to liver carcinogenicity, ECHA states that “[i]t is believed that peroxisome proliferation is the underlying mode of action for development of liver tumors with DINP. However, the literature indicates that the mechanisms of liver carcinogenicity in rodents with peroxisome proliferators have not entirely been elucidated and that multiple pathways m
	carcinogenicity with DINP to humans.” Finally, with regard to MNCL [mononuclear cell leukemia], the report states that “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. DINP is not genotoxic and it is argued (Caldwell 1999) that MNCL follows a threshold mode of action. The available information does not allow [us] to draw definite conclusions on the matter. However, as a reasonable approach it woul

	 
	In late 2012, the National Industrial Chemicals Notification and Assessment Scheme (NICNAS) of the Australian Government Department of Health and Ageing released Priority Existing Chemical Assessment Report (PEC No. 35) on diisononyl phthalate (DINP). The report concludes that “[c]urrent risk estimates do not indicate a health concern from exposure of children to DINP in toys and child care articles even at the highest (reasonable worst case) exposure scenario considered.” In examining carcinogenicity, the 
	 
	Overall, the available data do not indicate a carcinogenic potential in humans for DINP. MCL [mononuclear cell leukaemia] was not found in other mammalian species and has no comparable type in humans. Kidney tumours were attributed to alpha 2µ globulin tumourigenic mechanism specific in male rats. Liver carcinogenicity was related to peroxisome proliferative effects, which is regarded as not relevant to human health. 
	 
	Furthermore, the report states that “[r]isks from cumulative exposure of children to DINP in toys and child-care articles with or without DEHP at maximum 1% together with co-exposure to DEP in cosmetics at maximum 0.5% in body lotions are considered low, as cumulative MOEs [Margins of Exposure] for the three critical health effects identified [liver and kidney toxicity, and reproductive/developmental effects] are all above 100[], which indicate an adequate safety margin.” The final assessment report is avai
	http://www.nicnas.gov.au/chemical-information/pec-assessments

	 
	Taken together, these assessments confirm the conclusions as set forth in the ACC comments dated February 16, 2010, that DINP is not mutagenic or genotoxic, animal cancers in rodents exposed to DINP are not relevant to humans, recently proposed PPARalpha-independent mechanisms of tumorigenesis are not supported by the available information, exposure to DINP does not result in Testicular Dysgenesis Syndrome, and DINP does not affect testosterone synthesis in primates. 
	 
	Additionally, I have enclosed technical comments, prepared at the request of the High Phthalates Panel, from Dr. Gordon C. Hard and from Dr. James S. Felton. Please contact me at  or at 202-249-6711 if you require further information. 
	eileen_conneely@americanchemistry.com

	 
	Sincerely, 
	 
	Eileen Conneely 
	 
	Eileen Conneely, J.D., M.P.H. 
	Director, Chemical Products and Technology Division 
	American Chemistry Council 
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	November 11, 2013 
	 
	 This is a review of the genotoxicity and non-genotoxic potential for causing tumors in humans from the exposure to the phthalate ester di(isononyl) phthalate (DINP).  This compound is used as a plasticizer for numerous consumer goods, and thus, human exposure is estimated at 1-2 µg/kg/day. 
	 
	 The genotoxicity of DINP in the Ames Salmonella bacterial mutation test was negative in all strains tested with or without activation.  It should also be pointed out that Zeiger et al. (Env. Mutg. 7:213) tested 16 phthalate diesters and none gave a positive response in the Ames Salmonella assay.  These results suggest that this class of chemicals does not produce frameshift or base substitution mutations in bacteria even when activated by liver microsomes from rodents.  McKee et al. (J. Appl. Tox. 20: 491)
	 
	 Barber et al. (J Appl. Tox, 20:69) went beyond the bacterial test system and assessed this class of compounds in the mouse lymphoma mammalian mutation assay.  Eight phthalate esters were evaluated, including DINP.  DINP was negative in the test.  Two esters, dimethyl phthalate and di-n-butyl phthalate were positive with rat liver microsome activation.  This same group looked at the Balb/3T3 cell in vitro transformation assay.  All eight esters including DINP were negative in the transformation test.  Thus,
	 
	 DINP also showed no increase in chromosomal aberrations in Chinese Hamster ovary cells (CHO cells) with Aroclor induced SD rat liver S9.  The DMBA positive control was more than 30 times higher than the acetone control (McKee et al.).   In vivo chromosome breakage was evaluated for this chemical using micronuclei analysis in CD-1 mice.  
	Again, no positive results were observed.  There are 2 other studies with DINP that were not published, but are relevant to this discussion of DNA damage.  Litton Bionetics (1981) found no unscheduled DNA synthesis in primary rat hepatocytes after DINP exposure and Microbiological Assoc. (1981) found no increase in chromosomal aberrations in rat bone marrow after exposure to DINP. 
	 
	 Overall evaluation of the genetic toxicology of DINP:  This compound is not a genotoxin based on negative findings in bacterial and mammalian mutation assays, in vitro chromosomal damage assays, mammalian in vivo micronuclei analysis, and the mouse lymphoma assay, an assay for increased proliferation in cells in culture. 
	 
	 In contrast, the non-genotoxic induction of tumors in rodents is a different story.  Hepatocarcinogenicity in rats and mice seemingly caused by activation of the peroxisome proliferator receptor alpha by DINP was clearly seen.  Male rat renal cell carcinomas were seen with DINP.  They are dependant on Alpha2u-globulin induction.  Mononuclear cell leukemia was seen in both sexes of Fischer-344 rats fed DINP (Lington et al., Fundam. Appl. Toxicol. 36:79). 
	 
	 In summary DINP induces 3 different types of rodent tumors, but each is not thought to be relevant to the human because of rodent specific mechanisms of action.  The kidney tumors in male rats are caused by the induction of Alpha2u-globulin and this is reported to be specific to the male rat (Baetcke et al., EPA/625/3-91/019F (1992).  The hepatocarcinomas in the rats and mice are related to peroxisome proliferation- also not thought to be relevant to humans.  Finally, the leukemia in F-344 rats is specific
	  
	 In conclusion, DINP appears to cause cancer in rodents through non-genotoxic mechanisms, as no genotoxic activity is seen in bacteria, mammalian cells, or in vivo in the rodent.  Thus, the most common mechanism for tumor formation from chemicals and radiation, mutation of oncogenes and/or tumor suppressor genes, as well as chromosomal 
	loss or damage seem unlikely as mechanisms for carcinogenesis with this phthalate.  In order to declare DINP a possible human carcinogen, one must rationalize that the rodent specific mechanisms for hepatocarcinomas, renal cell carcinomas, and leukemia are relevant to human carcinogenesis.  The data as reported do not suggest that this is the case. 
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	INTRODUCTION 
	 
	At the request of the High Phthalates Panel of the American Chemistry Council, Washington DC, USA, I have reviewed and provided technical comments on aspects related to kidney in the Hazard Identification Document (HID) for di-isononyl phthalate (DINP) prepared for the Carcinogen Identification Committee of the Science Advisory Board of the California Office of Environmental Health Hazard Assessment (OEHHA). This document (Tomar et al, 2013) was released for public comment prior to an announcement of the Ca
	 
	COMMENTS 
	 
	In this commentary, introductory remarks and specific comments will address items and statements in the HID-DINP evaluation (Tomar et al, 2013), which will be referred to as the Document from hereon. Specific comments are listed under key event and other pertinent subheadings.  
	 
	Under Section 4, Mechanisms, Subsection 4.7 α2u-Globulin Nephropathy, pages 60-62, it is apparent that the assessment of the renal effects of DINP in the Document has been based on consideration of only one paper at a single time-point, Caldwell et al (1999). On this basis alone, the Document dismisses the validity of this male rat-specific mechanistic category for DINP. Although the Caldwell et al study provided some new information it was not a definitive or comprehensive re-evaluation of the renal histop
	 
	In order to identify alpha2u-globulin (α2u-g) nephropathy as an underlying mechanism for chemically-induced renal tubule tumor induction, it is necessary to consider available evidence from subchronic studies in conjunction with data from long-term cancer bioassays, as well as take into consideration the fact that the key features of α2u-g nephropathy do not occur contemporaneously but develop over a distinctive time course. The Document has not considered the results from both long-term and shorter term to
	items 2, 4, and 5, nor any of the three supporting criteria (Swenberg and Lehman-McKeeman, 1999). 
	 
	With chemicals that are moderate to strong inducers of α2u-g nephropathy in young mature male rats, the first histopathological change in the kidney is an increase in hyaline droplets in the cytoplasm of the P2 segment of proximal tubule in the cortex. This occurs rapidly, is usually well developed by 7-10 days, and persists through the ensuing several months of exposure. However, because liver synthesis of α2u-g commences to decrease substantially sometime during mid-life, there are negligible levels of ci
	 
	Hyaline droplet accumulation 
	The various subchronic studies on DINP, some of which were conducted in the early part of the 1980 decade, have not reported observation of eosinophilic or hyaline droplets in the cortical tubules of male rat groups. However, readers of the Document should be aware that hyaline droplet accumulation (HDA) is not always easy to visualize in hematoxylin and eosin (H&E) sections, and this renal alteration came into prominence in the latter half of the 1980 decade. The ability to visualize HDA in H&E-stained kid
	(Luz and Murray, 1991). In fact, Luz and Murray (1991) noted that hyaline droplet recognition came into prominence when automated staining, which used alcoholic-based eosin, replaced manual staining with aqueous solutions of eosin. Today, HDA recognition usually relies on staining of kidney sections with Mallory-Heidenhain (Hard, 2008, Frazier et al, 2012), a protein stain, which appears not to have been used in any of the subchronic studies with DINP.  
	 
	Granular casts 
	On page 61-62 and elsewhere, the Document states that “no data is available on subchronic histopathological changes such as granular cast formation and linear papillary mineralization”. This recurring statement is incorrect. Two industry reports have documented the presence of granular casts with high doses of DINP in male rats, namely EPL (1982) and Myers (1991).  
	 
	In the 13-week study reported by EPL (1982), no granular casts were observed in the kidneys of control male rats or in any female groups, but minimal to moderate granular casts were observed in 4/15 male rats in the 0.3% DINP group, and slight to moderately severe granular tubular casts were observed in 15/15 male rats in the 1% dose group. 
	 
	In a 13-week oral toxicity study of DINP (Myers, 1991), granular casts were reported at the corticomedullary junction, described as collections of degenerating tubule cell debris, in the 5000, 10,000, and 20,000 ppm male rat dose groups. This change showed a dose-related increased incidence from 0 rats in the control male group, to 6/10 male rats at 5000 ppm, and 10/10 male rats dosed with 10,000 and 20,000 ppm. Granular casts were absent from all groups of female rats. 
	 
	Thus, in each of these two reports, granular casts occurred in a dose-related incidence and were absent in all female groups and in control male rat groups.  
	 
	Linear papillary mineralization 
	On page 61-62, the Document states that “no data is available on subchronic histopathological changes such as granular cast formation and linear papillary mineralization”. In fact, two studies have reported the presence of papillary (or medullary) mineralization at chronic time-points, namely Moore (1998a) and Bio/Dynamics Inc (1986). 
	 
	In a carcinogenicity study of DINP, Moore (1998a) observed an increase in mineralization of the renal papilla in male rats, but not in female rats. Papillary mineralization was recorded as increased in the 2 highest dose groups, 6000 and 12000 ppm, but not in the 0, 500, or 1500 ppm dose groups. The severity 
	was greatest in the 12000 ppm dose group compared to the 6000 ppm dose group. There was, therefore, a dose-related response in this histological marker of α2u-g nephropathy. 
	 
	In the Bio/Dynamics Inc (1986) carcinogenicity study of DINP, mineral deposits in the renal medulla were “commonly observed in high dose males (25/70) compared to controls (3/70)”, a difference which was statistically significant.  
	 
	Although the wording used in the IARC criteria specifies “linear” papillary mineralization, the lesion associated with α2u-g nephropathy does not always appear to be linear. When viewed in optimally oriented sections of renal papilla the mineralization chronically associated with α2u-g nephropathy is in the form of linear deposits along the descending loops of Henle, most conspicuously in the papilla, but also sometimes higher in the medulla. However, depending on the plane of section, this linear mineraliz
	 
	Identification of accumulating protein as α2u-g 
	Two studies have demonstrated that α2u-g is either present or increased in kidney tubules of male rats exposed to DINP, namely Caldwell et al (1999) and Schoonhoven et al (2002). 
	 
	In the study of Schoonhoven et al (2002), male F344 rats gavaged with 90, 300, or 900 mg/kg of DINP for 5 days showed an increase in immunohistochemical staining for α2u-g in the treated groups compared to the control group, indicating that the protein accumulating in the kidney of rats exposed to DINP is α2u-g. 
	 
	Caldwell et al (1999) in their retrospective evaluation of the 12-month interim sacrifice animals from the chronic study of Lington et al (1997) also demonstrated that α2u-g was increased in kidneys of male rats at the highest dose of 0.6% of DINP, but not in the low-dose (0.03%) or mid-dose (0.3%) treatment groups. This data was dismissed in the Document. In reviewing the Caldwell et al (1999) paper on page 60, the Document states that “the authors chose to evaluate kidney from the 12-month interim sacrifi
	the immunohistochemical (IHC) staining techniques used to measure α2UG and PCNA, and to evaluate the feasibility of using the Bioquant image-analysis system to objectively quantify these findings”. Based on the feasibility study, Caldwell et al chose to use kidneys from the 12-month study. They found that accumulation of α2u-g did not appear to be increased in the high-dose male rats at the 6-month interval. However, along with those of Schoonhoven et al (2002) the kidneys were positive for the presence of 
	 
	Demonstration of binding of DINP to α2u-g 
	Schoonhoven et al (2002) have shown that after a single 900 mg/kg dose of [14C]-labeled DINP the radiolabeled DINP binds reversibly to male rat kidney cytosol, but not to female rat kidney cytosol, demonstrating non-covalent binding of DINP to α2u-g protein. This is a very strong piece of information in support of an α2u-g nephropathy mechanism. 
	 
	Demonstration of tubule cell proliferation 
	Increase in cell proliferation after DINP has been demonstrated in two studies, Caldwell et al (1999) and Schoonhoven et al (2002). 
	 
	Schoonhoven et al (2002) gavaged male F344 rats with corn oil alone or with 90, 300, or 900 mg/kg of DINP for 5 days. The rats received BrdU (as a label for cells undergoing DNA synthesis) in the drinking water for 72 hours prior to sacrifice. There were localized aggregates of labeled cells in the cortex (typical of the staining pattern for cell proliferation in α2u-g nephropathy), and counting most of the cells in the cortex demonstrated a doubling of cell proliferation in DINP-treated groups compared to 
	 
	Caldwell et al (1999) in re-evaluating the 12 month sacrifice group of males from the chronic toxicity and carcinogenicity study of Lington et al (1997) also showed an increase in the tubule cell proliferation index using PCNA on archived kidney tissue. On page 61 concerning the data in Caldwell et al (1999), the Document states that the “reported increase in renal tubule cell proliferation was not statistically significant, and the increase in the 6000 ppm males was not substantially greater than the incre
	 
	Chronic progressive nephropathy 
	The Document makes no acknowledgement of the fact that chemicals inducing α2u-g nephropathy also exacerbate spontaneous chronic progressive 
	nephropathy (CPN) (Hard et al, 1993), and that this should be taken into consideration when assessing weak inducers of α2u-g nephropathy (Lock and Hard, 2010). An advanced stage of CPN has been shown to be a low risk factor for renal tubule tumor development (Hard et al 2012), and it has been acknowledged that, with weak inducers of α2u-g nephropathy, both α2u-g and CPN exacerbation modes of action may interact to produce a low incidence of renal tubule tumors in male rats (Lock and Hard, 2010). Like α2u-g 
	 
	The terms tubule regeneration or basophilic tubules are frequently used in toxicologic pathology to denote a focus or foci of CPN. On page 61 of the Document concerning the assessment based on Caldwell et al (1999), the statement that “renal tubule regeneration was noted in one female receiving 6000 ppm” was cited as evidence that female rats showed toxicity. The incidence of renal tubule regeneration noted in the males and females suggests that tubule regeneration in this study represents CPN, and therefor
	 
	Accordance with IARC criteria 
	The criteria proposed by IARC for determining whether a chemical induces renal tubule tumor development through a male rat-specific mechanism involving α2u-g nephropathy have been listed by Swenberg and McKeeman (1999). The criteria are as follows: 
	 
	1. Renal tumors occur only in male rats. 
	1. Renal tumors occur only in male rats. 
	1. Renal tumors occur only in male rats. 

	2. Acute exposure exacerbates hyaline droplet formation. 
	2. Acute exposure exacerbates hyaline droplet formation. 

	3. α2u-Globulin accumulates in hyaline droplets. 
	3. α2u-Globulin accumulates in hyaline droplets. 

	4. Subchronic histopathologic changes including granular cast formation and linear papillary mineralization. 
	4. Subchronic histopathologic changes including granular cast formation and linear papillary mineralization. 

	5. Absence of hyaline droplets and characteristic histopathological changes in female rats and mice. 
	5. Absence of hyaline droplets and characteristic histopathological changes in female rats and mice. 


	6. Negative for genotoxicity in a battery of tests. 
	6. Negative for genotoxicity in a battery of tests. 
	6. Negative for genotoxicity in a battery of tests. 


	 
	Additional supporting evidence: 
	7. Reversible binding of chemical (or metabolites) to α2u-globulin. 
	7. Reversible binding of chemical (or metabolites) to α2u-globulin. 
	7. Reversible binding of chemical (or metabolites) to α2u-globulin. 

	8. Increased and sustained cell proliferation in P2 segment of proximal tubules in male rat kidneys. 
	8. Increased and sustained cell proliferation in P2 segment of proximal tubules in male rat kidneys. 

	9. Dose response relationship between hyaline droplet severity and renal tumor incidence. 
	9. Dose response relationship between hyaline droplet severity and renal tumor incidence. 


	 
	In considering the data from DINP studies in terms of the IARC criteria: 
	1. There is no doubt that DINP administration was associated with occurrence of renal tubule tumors at high doses in male F344 rats, and there was no evidence of renal tubule tumors in carcinogenicity studies of female rats or mice (Lington et al, 1997; Moore, 1998a, 1998b; Bio/Dynamics Inc, 1986) 
	1. There is no doubt that DINP administration was associated with occurrence of renal tubule tumors at high doses in male F344 rats, and there was no evidence of renal tubule tumors in carcinogenicity studies of female rats or mice (Lington et al, 1997; Moore, 1998a, 1998b; Bio/Dynamics Inc, 1986) 
	1. There is no doubt that DINP administration was associated with occurrence of renal tubule tumors at high doses in male F344 rats, and there was no evidence of renal tubule tumors in carcinogenicity studies of female rats or mice (Lington et al, 1997; Moore, 1998a, 1998b; Bio/Dynamics Inc, 1986) 

	2. None of the subchronic studies with DINP reported hyaline droplet formation but most of these studies pre-dated experience with the α2u-g syndrome. In addition, none of the studies employed staining with Mallory Hiedenhain, which is now used for making hyaline droplets more visible. Furthermore, although not recognized by the study pathologists, accumulation of hyaline droplets would have necessarily preceded the formation of granular casts at the junction where the P2 tubule becomes the descending limb 
	2. None of the subchronic studies with DINP reported hyaline droplet formation but most of these studies pre-dated experience with the α2u-g syndrome. In addition, none of the studies employed staining with Mallory Hiedenhain, which is now used for making hyaline droplets more visible. Furthermore, although not recognized by the study pathologists, accumulation of hyaline droplets would have necessarily preceded the formation of granular casts at the junction where the P2 tubule becomes the descending limb 

	3. The identity of the protein accumulating in the kidney was demonstrated to be α2u-g in two studies using immunohistochemical staining with an antibody to α2u-g protein. 
	3. The identity of the protein accumulating in the kidney was demonstrated to be α2u-g in two studies using immunohistochemical staining with an antibody to α2u-g protein. 

	4. The sequence of histopathological events included formation of granular casts at 13 weeks after DINP treatment in two studies (identified as located at the corticomedullary junction in one study), as well as formation of papillary or medullary mineralization in two chronic studies. Considered together, these lesions can be regarded as pathognomonic for α2u-g nephropathy. 
	4. The sequence of histopathological events included formation of granular casts at 13 weeks after DINP treatment in two studies (identified as located at the corticomedullary junction in one study), as well as formation of papillary or medullary mineralization in two chronic studies. Considered together, these lesions can be regarded as pathognomonic for α2u-g nephropathy. 

	5. None of the subchronic or chronic studies recorded any of the histopathologic lesions characteristic of α2u-g nephropathy in female rats, or in mice of either sex (Moore, 1998b). 
	5. None of the subchronic or chronic studies recorded any of the histopathologic lesions characteristic of α2u-g nephropathy in female rats, or in mice of either sex (Moore, 1998b). 

	6. The Document considers DINP to be non-genotoxic. 
	6. The Document considers DINP to be non-genotoxic. 

	7. One study has provided evidence that DINP binds to α2u-g. 
	7. One study has provided evidence that DINP binds to α2u-g. 

	8. Two studies have demonstrated that cell proliferation is increased in male rats after treatment with DINP, one study after 5 days of gavage administration, and a second in archived tissue from male rats 12 months from study commencement. Demonstrating increases at both 5 days and 12 months shows that the increase is sustained. 
	8. Two studies have demonstrated that cell proliferation is increased in male rats after treatment with DINP, one study after 5 days of gavage administration, and a second in archived tissue from male rats 12 months from study commencement. Demonstrating increases at both 5 days and 12 months shows that the increase is sustained. 

	9. A dose-response relationship involving hyaline droplet accumulation could not be demonstrated as this lesion was not recognized in any of 
	9. A dose-response relationship involving hyaline droplet accumulation could not be demonstrated as this lesion was not recognized in any of 


	the subchronic studies. However, in studies reporting the induction of granular casts at 13 weeks and papillary or medullary mineralization in later months there was a clear dose-response matching doses at which renal tubule tumors occurred. 
	the subchronic studies. However, in studies reporting the induction of granular casts at 13 weeks and papillary or medullary mineralization in later months there was a clear dose-response matching doses at which renal tubule tumors occurred. 
	the subchronic studies. However, in studies reporting the induction of granular casts at 13 weeks and papillary or medullary mineralization in later months there was a clear dose-response matching doses at which renal tubule tumors occurred. 


	 
	Conclusions 
	 
	There appears to be sufficient evidence to conclude that DINP fulfills all but one of the IARC criteria required for a chemical inducing renal tubule tumors through a male rat-specific α2u-g nephropathy mechanism. The one item for which data are not available (hyaline droplets) can also be implicated by the presence of dependent characteristic lesions (granular casts and papillary mineralization) occurring at later times. Therefore it is my expert opinion that the kidney tumors linked with DINP arose throug
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