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Topics to Discuss

1. Question regarding the status of a published 2017 study with direct relevance to MOA and risk
assessment

« Thompson et al. (2017) Assessment of the mutagenic potential of hexavalent chromium in the duodenum
of Big Blue® rats. Toxicology and Applied Pharmacology 330: 48-52.

2. Availability of new study with direct relevance to MOA and risk assessment

« Aoki et al. (2019) Mutant frequency is not increased in mice orally exposed to sodium dichromate. Food
Safety. In press.
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NTP Cr(VI) Bioassay (2008)

NTP Cr(VI) drinking water study

« 5 to 180 ppm in drinking water

 Rare tumors appeared late in the study ‘
Mice: adenomas and carcinomas of small intestine (230 ppm)
Rats: SCC in oral cavity (180 ppm) /
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Importance of Target Tissue Mode of Action Research

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005):

EPA/GIOP-03001F
March 2005

1.3.4 Dose-response Assessment

« The approach to dose-response assessment for a particular Guidel -
. . . . uidelines for Carcinogen

agent is based on the conclusion reached as to its potential Risk Assessment
mode(s) of action for each tumor type.

2.4.3.1 Description of the Hypothesized Mode of Action ¢ g ik Asssant Forum

nvironmentsl Protection Agency
Washington, DC

» For each tumor site, the mode of action analysis begins with a
description of the hypothesized mode of action and its
sequence of key events.

3.3.1 Choosing an Extrapolation Approach

« The approach for extrapolation below the observed data
considers the understanding of the agent's mode of action at
each tumor site (see Section 2.4)
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Recommendations for In Vivo Genotoxicity Assays

Mutation Research 783 (2015 6678

Contents lists available at ScienceDirect
Mutation Research/Genetic Toxicology and
Environmental Mutagenesis

journal homepage: www.elsevier.com/locate/gentox
ELSEVIER Community address: www.elsevier.com/locate/mutres

IWGT report on quantitative approaches to genotoxicity risk @c@m / I d e a I Iy at S ite Of Ca rCi n Og e n i C a Cti O n

assessment II. Use of point-of-departure (PoD) metrics in defining
acceptable exposure limits and assessing human risk*

James T. MacGregor™*, Roland Frétschl®, Paul A. White©, Kenny S. Crump?,

David A. Eastmond ¢, Shoji Fukushima', Melanie Guérard #, Makoto Hayashi",
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v ldeally conducted in a proliferative tissue

Article history: ‘This is the second of two reports from the International Workshops on Genotoxicity Testing (IWGT)
Received 17 October 2014 ‘Working Group on Quantitative Approaches to Genetic Toxicology Risk Assessment (the QWG). The first
Accepted 18 October 2014 the QWG related

iAvakable cmiine 270ciaber 2074 dose-response analysis of genetic toxicology data, the existence and appropriate evaluation of thresh-

old responses, and methods to analyze exposure-response relationships and derive points of departure
(PoDs) from which acceptable exposure levels could be determined. This report summarizes the QWG
discussions and recommendations regarding appropriate approaches to evaluate exposure-related risks

Keywords:
Genoroxic risk assessment
Point of departure.

Benchmark dose of genotoxic damage, including extrapolation below identified PoDs and across test systems and species.
Breakpoint dose include ic endpoints and target tissues, uncertainty
Extrapolation factors and extrapolation methods to be considered, the impertance and use of information on mode of
Lowdose risk action, i

data to determine acceptable exposure levels in human populations or to assess the risk associated with

cancer was thereisagen-

1 correlati and mutagenic and genic damage for agents thought

to act via a genotoxic mechanism, but that the correlation is limited due to an inadequate number of cases

inwhich mutation and cancer can be compared at a sufficient number of doses in the same target tissues
of the same species and strain exposed under directly comparable routes and experimental protocols.

©2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http: /creativecommons.org/licenses/by-nc-nd/3.0/)

# The opinions and recommendations expressed in this publication are those of the authors, and do not necessarily reflect those of the institutions with which they may
be affiliated.
* Corresponding author. Tel: +1 410 991 9948; fax: +1 239 947 7447,
E-mail address: jtmacgregor@earthlink net (JT. MacGregor).

hetp:f/dx.doi.org/10.1016/jmreentox 2014.10.008
1383-5718/0 2014 The Authors. Published by Elsevier B.V. Thi Ie under the CCBY-NC. -nc-nd/3.0)
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Question Regarding In Vivo TGR Mutation Assay in EPA's SR

Toxicology and Applied Pharmacology 330 (2017) 48-52

Contents lists available at ScienceDirect
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Assessment of the mutagenic potential of hexavalent chromium in the Oc"’“"‘" . C h romium VI
Not in Lit Search

duodenum of big blue® rats
d € "
Srewiire Lit Search Updates

Chad M. Thompson **, Robert R. Young °, Harshini Dinesdurage ”, Mina Suh ¢, Mark A. Harris *,
® BioReliance, Rockville, MD, United States

< ToxStrategies, Inc, Mission Viejo, CA, United States
“ Electric Power Research Institute, Palo Alto, CA. United States Mav Z'D 1 ? to Mav 20 18

ARTICLE INFO ABSTRACT
Article history. A cancer bioassay on hexavalent chromium Cr(V1) in drinking water reported increased incidences of duodenal

eceived 22 May 2017 tumors in BGC3F1 mice at exposures of 30-180 ppm, and oral cavity tumors in F344 rats at 180 ppm. A subse-
Revised 1 July 2017 quent transgenic rodent (TGR) in vivo mutation assay in Big Blue® TgF344 rats found that exposure to

Accepted 3 July 2017

Available online 05 July 2017 180 ppm Cr(V1) in drinking water for 28 days did not increase dlf transgene mutant frequency (MF) in the oral

cavity (Thompson et al, 2015). Herein, we extend our analysis to the duodenum of these same TgF344 rats. At

ev— ty levels were below either the limit of detection or quantification in con-
Hexavalent chromium [Cr(VD)] trol rats, but were 246 + 3.8 yug/g in Cr(Vl)-treated rats. The MFin control (232 x 10~ ) and Cr(VI)-treated rats
Big Blue® transgenic rat (227 x 10-°) were nearly identical. In contrast, the MF in the duodenum of rats exposed o 1-ethyl-1-
Mode of action (MOA) nitrosourea for six days (study days 1, 2,3, 12, 19, 26) increased 24-fold to 557 x 10~ . These findings indicate
Duodenum that mutagenicity is unlikely an early initiating event in Cr(VI)-induced intestinal carcinogenesis.

1. Introduction

Transgenic rodent (TGR) in vivo mutation assays were initially de-
veloped to investigate the mode of action (MOA) of tumors observed
inrodent bioassays (Lambert et al., 2005). In 2008, the National Toxicol-
ogy Program (NTP) reported tumors in the alimentary canal of rodents
consuming hexavalent chromium [Cr(V1)] in drinking water (NTP,
2008). Specifically, Cr(V1) increased squamous cell carcinomas and pap-
illomas in the oral mucosa of F344 rats at 180 ppm (Fig. 1A), and adeno-
mas and carcinomas in the small intestine (primarily the duodenum) of
B6C3F1 mice at 230 ppm (Fig. 1B). Significant increases in tumors were
not observed in rats exposed to 5, 20, or 60 ppm Cr(V1), nor in mice ex-
posed to 5, 10, or 20 ppm Cr(VI) (NTP, 2008). As part of an investigation
into the mode of action (MOA) and human relevance of the oral tumors
observed in rats at 180 ppm Cr(VI), a TGR in vivo mutation assay was
conducted in Big Blue® TgF344 rats (Thompson et al,, 2015¢; Young et
al, 2015). Mutant frequency (MF) was measured in the gingiva

e r— thor at: ToxStrategies, Inc. uite 220, Katy 23123,
X, United States.
E-mai address: cthompson@toxstrategies com (CM. Thompson).

http://dx doiorg/10.1016/j4aap.2017.07.002
0041-008X/© 2017 Elsevier Inc. All rights reserved.

©2017 Elsevier Inc. All rights reserved.

surrounding the upper molar teeth (and adjacent buccal and palate tis-
sue) where the oral tumors appeared to originate. Exposure to 180 ppm
for 28 days did not signi increase MF, wh posure to the
oral carci 4-nif inoline-1-oxide (4-NQO) signil in-
creased MF 18- to 40-fold (Fig. 1C) (Thompson et al., 2015c).

To date, no TGR in vivo mutation data have been published for oral
exposure to Cr(VI) beyond the oral cavity. Considering that duodenal
tumors in mice have served as the basis for several newly proposed tox-
icity criteria (US. EPA, 2010; OEHHA, 2011; Health Canada, 2015; TCEQ,
2016), assessment of the mutagenic potential of Cr(VI) in the duode-
num is an important data gap. It was previously demonstrated that
chromium levels are high in the duodenum of both mice and rats fol-
lowing exposure to 180 ppm Cr(VI) (Thompson et al, 2011;
Thompson et al., 2012), and chromium has been visually detected in
the intestinal mucosa of both species via X-ray fluorescence microscopy
(Thompson et al., 2015a). As such, both rat and mouse TGR models
should be informative for assessing the mutagenic potential of Cr(VI)
in the duodenum, even though rats did not develop intestinal tumors.
Therefore, to maximize information from the aforementioned TGR in
vivo mutation assay in TgF344 rats, cll mutants were measure in ar-
chived frozen duodenums of TgF344 rats exposed to 180 ppm Cr(VI).
The results of these analyses are discussed in the context other relevant
target tissue data collected in the duodenum.
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The 2017 TGR Study Has Important MOA Information
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New TGR Mutation Assay in Small Intestine of gpt Delta Mice

201

N\ ©2019 Food Safety Commission, Cabinet Office, Government of Japan
doi: 10.14252/foodsafetyfscj. 2018014
I\ Food Safety 2019; Vol. 0, No. 0, **-#*

FOOD SAFETY
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Mutant Frequency is not Increased in Mice
Orally Exposed to Sodium Dichromate

154 15-

Yasunobu Aoki', Michiyo Matsumoto', Michi Matsumoto', Kenichi Masumura?,

Takehiko Nohmi °
"National Institute for Environmental Studies, Center for Health and Environmental Risk Research, Tsukuba, Japan '
2ZNational Institute of Health Sciences, Division of Genetics and Mutagenesis, Kawasaki, Japan .

cxamined L]

The in vivo mutagenicity of hexavalent chromium in the small intestine, the target organ of tumorgenicity,
by means of a transgenic mouse gene mutation assay. Sodium dichromate dihydrate was administered orally in drinking
water to male gp delta mice at a dose of 85.7 or 257.4 mg/L for 28 days or at a dosc of 8.6, 28.6 or 85.7 mg/L for 90 days.
No significant increase in gpf mutant frequency relative to that in control mice was observed in the small intestine in cither
the 28- or 90-day study, whereas 28-day oral administration of potassium bromate, a positive control substance, increased

@
o
-~
mutant frequency. x
%

Key words: genotoxicity, hexavalent chromium, in vivo mutagenesis, small intestine, transgenic rodent gene mutation
ay, tumor

Introduction reactive oxygen species (ROS), which form oxidative adducts 5" b
with DNA and proteins, resulting in activation of adverse
Hexavalent chromium compounds are categorized as outcome pathways such as genotoxicity and cytotoxicity). [ ] ® | e
Group I human carcinogens by WHO/IARC'?. Exposure However, the mechanism and activating pathways contribut-
to hexavalent chromium has been shown in epidemiologi-  ing to the carcinogenicity of hexavalent chromium in rodents L ]
cal studies to increase the risk of lung cancer”), while there  have not been studied. Hexavalent chromium compounds
results both in Ames tests and in in L
sing cultured mammalian cellsé?),
in rodents, hexavalent chromium
how negative results for micronucleus forma-

is little evidence of an association between hexavalent —show mostly positi
chromium exposure and the incidence of cancer in gastro-  vitro genotoxicity assays
intestinal organs such as the stomach. E al animal  Inin vivo ic

soct

studies conducted by the National Toxicology Program have  compoun
shown that exposure to the hexavalent chromium compound  tion when administered via drinking water, whereas they

sodium dichromate via drinking water for 2 years increases  show positive results in several in vivo tests after the gavage
the incidence of tumors of the oral mucosa or tongue in rats  administration or intraperitoneal injection®”). Therefore, the
and of the small intestine in mice?). Therefore, the pos in vivo mutagenicity of hexavalent chromium compounds in
of hexavalent chromium in drinking water to cause cancerin  a target organ is ry to be evaluated prior to assess the

ed. cancer risk posed by hexavalent chromium. In present study,

eces

humans must be a:

Hexavalent chromium compounds are known to generate  we analyzed changes in mutant frequencies in gpr delta mice

Cr{Vl), ppm Cr{Vl}, ppm
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Negative Genotoxicity is Consistent with Lack of Cr in Crypts
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Source: Thompson et al. (2015) Tox Sci 143, 16.
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In Vivo Genotoxicity Assays in Target Tissue

(2013-2019) P
 Duodenal MN assays
* Neg after 7 and 90 days of exposure “””Ax“""“ -
* Duodenal y-H2AX immunostaining e g o e
*  No diff from controls at 7 and 90 days of exposure :’?m“‘m“imwimmm
* kras codon 12 GAT MF in duodenum T
« Neg after 90 days of exposure ol
 Duodenal TGR assays .
* Neg in Big Blue rats after 28 days of exposure W: =
Mot Prequersy B naslcesasediigMioe
* Neg in gpt delta mice after 28 & 90 days exposure S
 XRF microscopy
* Cr detected in villi (not crypt)
e
* Oral mucosa mutation assay
* Neg in Big Blue rats after 28 days of exposure
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