Science Question 1

e Liver effects, including spongiosis hepatis.



PPARo agonists induce liver tumors via a rodent-
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Data Confirm that PPARa is the MoA for DINP- induced
rodent liver tumors and not relevant to humans
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2013 published review by expert panel determined rodent PPARa MOA
“not relevant to humans” or “unlikely to be relevant to humans’’ — Corton et al 2013

Corton, et al. (2013) Critical Reviews in Toxicology pp 1-49

Wood, et al. (2014) Toxicological Sciences 139: 21-34.
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Presentation Notes
2 year cancer bioassay evaluated proposed alternative MOAs (Wood et al 2014 USEPA)
confirmed PPARα is the mode of action responsible for liver tumor development in rodents
found no evidence of alternative mechanisms for liver tumor formation
tested proposed alternative MoAs

Review of all existing data by expert panel determined rodent PPARα MOA ‘‘not relevant to humans’’ or ‘‘unlikely to be relevant to humans’’ (Corton et al 2013 USEPA)

Chimeric mice with hepatocyte-humanized liver replicated the results of transgenic mice
Fenofibrate induced hepatocellular hypertrophy, cell proliferation, and peroxisome proliferation in livers of control mice, but not in the h-hep of chimeric mouse livers (Tateno et al 2014)





DINP is a very weak activator of PPARa

Animal data: liver tumors

Animal data: liver tumors Animal data: liver tumors
Human data: no data

Humanized animals: no tumors Humanized animals: no tumors
Human data: clinical data, no  Human data: no data
human tumors

DINP

Fibrate Class High Affinity
weak activator

of Drugs agonists
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Presentation Notes
Fibrates are more potent activators and even with those substances do not see carcinogenicity


Indicators of PPAR MOA Not Observed in
Primates

Only effects were secondary to diarrhea caused by the high doses administered

* Marmosets
— 13 Weeks (90 days)
— Gavage: 0, 100, 500, 2500 mg/kg/day DINP
— No toxicologically significant effect

e Cynomologous Monkeys
— 14 days
— Gavage: 0, 500 mg/kg/day DINP

— No increase in replicative DNA synthesis, an important mechanism by which
phthalates likely promote liver tumor formation

e Oral administration of DINP at dosages of up to 2500 mg/kg/day did not
produce evidence of significant toxicity
— No indication that DINP acted as a peroxisome proliferator at levels that would
induce peroxisome proliferation in rodents (150 mg/kg/day in 14 day studies)

— Minor, non-toxicologically significant changes were evident at 2500 mg/kg/day
and the NOEL for DINP was considered to be 500 mg/kg/day



Science Question 4

e Human relevance of mononuclear cell
leukemia



MNCL is a spontaneous aging lesion occurring at
high frequency in F-344 rats

e Spontaneous incidence ranges from 32-74%
— Tumor data in DINP studies similar to historical averages 22

Incidence of MNCL from Haseman, 22 Lington, 4 and Moore °

Range of MNCL in controls Highest incidence of MNCL
for NTP feeding studies Lington Moore
(Haseman)
Male 32 -74% 63.8% (51/80 rats) 49.2% (32/65 rats)
Female 14 — 52% 53.8% (43/80 rats) 46.2% (30/65 rats)

e Many factors affecting tumor frequency unrelated to treatment

— e.g., dosing methods, caging, diet, vehicle, testing laboratory, etc.

e Species and strain specific
— Not found in chronic studies in SD rats or in mice



Example of a treatment related vs
spontaneous tumor type

Summary for DINP Studies
Investigator(s) ®| Bio\dynamies (1986) | Ling ton et al (1997) Moors (1998) MNoor (1998)
Stmin & Species W 5-D Rats Fizcher 344 Rats Fizcher 344 Ratz BAC3F1 hice
Organ¥ | Tumor Type ¥ male female male female male female male female
Liver Combined Adenoms + Caminoma NS 8 NS NS ) ) 5 5
Elood Mononuclear Call Lenkemia NE NE = = ] ] NE NE
Eew
8 Significant
g No Significant Trend
MR NotReported / Relevant
e Liver tumors  MNCL
— treatment related — high spontaneous background
— consistent across species and incidence
strains of rodents — species and strain dependent
— defined Mode of Action — incidence influenced by non

treatment factors
— factor in recommendation

that F344-N be discontinued
for use by NTP
for NTP feeding studies (Haseman)

Male 32 - 74%

Female 14 - 52%
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King-Herbert et al Toxicological Pathology v38 p180 2010


No change in incidence of MNCL in
recovery animals

Animals were treated at 500, 1500, 6000, & 12000 ppm in the diet, a recovery group
treated at 12000 for 78 wks. then untreated for 24 wks. before sacrifice was included.

Tumor Incidence Moore - Rat
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e Liver * MNCL
— Decreased incidence in recovery group — equivalent incidence in recovery group
— Consistent with treatment related — Consistent with the hypothesis that
hypothesis. PPARa-mediated effects these are spontaneous and age-related

would reverse with cessation of
treatment



The liver tumor data can be modeled but
MNCL cannot (i.e., not dose-related)

Summary for DINP Studies

Investigater(s) #| Bio'dvnamics (1986) | Linegton etal (1997) Mo ore (1998) Moo= (1998 Lmngton +Mipore
Strmin & Species M 5-D Rats Fizcher 344 Rats Fizcher 344 Rats B6C3F1 Mice Fizcher 344 Rats
Crzan¥ | Tumor Type ¥ mals femals malke Emak male femals male femals mals Emals
Liver Combined Adenoma + Caminoma NS 5 NS NS ] 8 ] ] ol | il
Blood Mononuclear Cell Leukemia ME ME. ] 5 ] ) MR ME. NAM NAM
Eew
8 Significant

No Significant Trend

MR Mot Revorted /| Relevant
M Acceptable Model
NAM No Acceptable Model
 Liver

— combined data set can
be modeled for BMD

* MNCL

— combined dataset
cannot be modeled for
BMD




MNCL is a high frequency aging lesion occurring
spontaneously in F-344 rats

MNCL in the Fischer rat is believed to reflect a high level of
spontaneous DNA damage
— biological plausibility that DINP would act by this mechanism is low

e uniformly non-genotoxic in both in vitro and in vivo mutagenicity studies including
unscheduled DNA repair

MNCL tumor data from DiNP studies are not treatment specific
— no change of incidence in recovery animals
— combined dataset cannot be modeled

Questionable relevance to humans



Scientific Question 5

 Transparency and utility of mechanistic data.



Utility of mechanistic data

e Mechanistic data can be useful to:

— Define precursor events
— Evaluate species differences in susceptibility

* As an example consider the use of mechanistic
data in the evaluation of male reproductive
data



Testosterone is necessary but not
sufficient

Summary of Mechanism of Action Studies

Chemical 1 2 3 4 5 6 7 8 9
DEHP T T R T R !
DINP T S 1

1 = Testosterone

2 = 1nsl3 (Insulin-like factor 3)

3 =CYPII1A (Rate-limiting enzyme responsible for the conversion of cholesterol to pregnenolone)
4 = StAR = Steroidogenic Acute Regulated Protein. involved in mitochondrial cholesterol uptake
5 = LH = Lutenizing Hormone

6 = SR-B1 = Scavenger Receptor B-1. responsible for cholesterol uptake by Leydig cells

7 = PBR = Peripheral Benzodiazepene Receptor. involved in mitochondrial cholesterol uptake

8 = CYP450scc = Cytochrome P450 side chain cleavage enzyme. steroid converting enzyme

O = SF-1 = Nuclear Receptor Steroidogenic Factor-1. regulates expression of genes involved in
steroidogenesis
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A mode of action is a series of key events leading to an end/apical event
Hazard is identified in higher level OECD studies and not in the lower level studies that identify the upstream events that potentially trigger the outcome



Evaluating species difference in
susceptibility

Human fetal testis xenografts are resistant to phthalate-induced
reductions in testosterone

Human and rat fetal testis xenografts (Sharpe et al., 2012)

e Humans: No changes in testosterone production, testes weights of pathology
e Rats: Testosterone reductions, reduction in organ weights, gene expression, pathological changes

e “Exposure of human fetal testes to DBP is unlikely to impair testosterone production as it does in rats”

Human, mouse, and rat fetal testis xenografts (Boekelhide et al., 2012)

e Testosterone production reduced in rat xenografts but not in humans

e human fetal testis response more like a mouse (which is resistant in vivo) than a rat

Hypothesized MOA in Rats unlikely to be Relevant to Humans
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Null mice are not definitive models due to altered biology
96% of gene expression due to PPARa


DINP does not cause adverse effects
via endocrine-related processes.

No effects on fertility

No reproducible pathological changes in male reproductive organs
In utero exposure causes testosterone reduction in rats but effects
(AGD, areola retention) are reversible

— Neonatal differences in nipple retention, AGD are reversed by sexual
maturity; no toxicological consequences
— Effects seem species specific
* Mice less affected than rats
* No effects in human xenografts
* No effects in primates

In summary, effects observed in rats related to a common process
(testosterone reduction) but not relevant to humans

— mechanistic studies assist in understanding MOA, species differences
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