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MOA for Cr(Vl)-Induced
Intestinal Carcinogenesis
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Structure of Small Intestine




Crypt-Villus Unit




Stem Cells Reside at the Crypt Base

TA epithelial cells leave crypt,
differentiate, and become
absorptive villous enterocytes

& U epithaiial cel!

Transit amplifying cells give rise to
absorptive and non-absorptive cells

Stem cells reside at base of crypt
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Model of Intestinal Carcinogenesis

Early Intermediate Carcinoma
adenoma adenoma adenoma




In Vivo Micronucleus Assay

“This mammalian in vivo micronucleus
test is especially relevant to assessing
mutagenic hazard...An in vivo assay is
also useful for further investigation of a
mutagenic effect detected by an in vitro
system.” (OECD, Guideline Study 474)
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Micronuclei Across |5 Slides/Group
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Assessment of DNA Damage
via y-H2AX Immunostaining

® DNA double strand

brealage results in

phosphorylation of histone
H2AX

increased Y-H2AX is a
marker of increased DNA
damage

staining in duodena of
mice exposed to 520 mg/L
SDD was increased in villi,
but not crypt




Scoring of Y-H2AX Staining
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Model of Intestinal Carcinogenesis

Intermediate Carcinoma
adenoma < adenoma adenoma

- Kras is an early mutation
- have sensitive mutation assay

TF analysis did not indicate activation in APC/f-catenin signaling




ACB-PCR Analysis of Kras Codon 12 GAT
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Toxicogenomic
Comparisons:

)
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Ellinger-Ziegelbauer et al. (2005) identified
several genes differentially expressed by
mutagenic and non-mutagenic carcinogens
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Several of the most highly induced genes
following mutagen exposure were not
clevated after either 7 or 90 days of exposure
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Summary of Genotoxicity Data

- Cr(VIl) induces cytoplasmic vacuolization in villi,
but not crypts

- Despite proliferation activity in crypt, no
increase in crypt micronuclei (MN)

- No increase in Y-H2AX in crypts
- No increase in Kras mutation frequency

- Toxicogenomic data indicate changes more
consistent with nonmutagenic carcinogens




We Can Now Visualize Cr in the Intestine
(using X-ray Fluorescence Microspectroscopy)

Specimen  Transmission
raster scanned detector
Fresnel

zone plate

Undulator Crystal
monochromator

X-ray fluorescence
detector

X-ray fluorescence
spectra
Current Opinion in Chemical Biology

Collaborating with US Army
Corps of Engineers -
Engineer Research and
Development Center
(ERDC),Vicksburg, MS.

Synchrotron Light Source (SLS):

Brookhaven National Lab (Long Island. NY)




Unstained Duodenal Tissue Section
mouse exposed to 520 mg/L SDD 90 days




XRF Maps of Elements in Duodenal Sections:

Y Distance (mm)
00000~
ONPM®®OO

00 05 10 15 20 25
X Distance (mm)

E 4
Eo
§o

0
& 0
(o)
0.0

0005 10 118 " 2,025
X Distance (mm)

Y Distance (mm)

05 1.0, 1657220 26
X Distance (mm)

“Unpublished data™




9]
al
=
Z
LL
a'd
X
=
)
)
o
==
—
)
00
C
o
=
O
®)
<




Ca XRF Minimap from Mouse Exposed to
520 mg/L SDD for 90 days

2 villi

Physical Sample space b/n Ca XRF Map
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“Unpublished data*™




Cr XRF Minimap from Mouse Exposed to
520 mg/L SDD for 90 days

Physical Sample space b/n Cr XRF Map
| 2 villi |

*Unpublished data™




Quantitative Analysis of Crypt & Villi

Yellow — Crypt
n — Villi

“Unpublished data™




Cr(VIl) MOA Data Summary

Drinking Water (mg/L SDD)

(.3 D sl O/ | 70)

Cr in duodenum

Oxidative changes

Gene changes

Villus toxicity

Crypt proliferation

Crypt MN

Kras mutation
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Underlined checks indicate significant changes at day 8 as well. Note Cr was not measured at day 8.




Summary

MOA research suggests nonmutagenic MOA

Synchrotron-based research suggest that little or no Cr can be
detected in the crypts of mice exposed to 180 mg/L Cr(VI)

- consistent with lack of crypt genotoxicity
- supports proliferation based MOA
- lower water Cr concentrations highly unlikely to reach crypts

Supports the use of nonlinear, RfD-based approach for cancer
assessment (similar to captan/folpet; Cohen et al. 2010; FRN, 2004)

Current drinking water standards should be protective against
cytotoxicity and carcinogenicity in the small intestine




Dose-Time Concordance

| Table 3—Dose-Time Concordance—Page 1 it i
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3D Graphs in Dose and Time
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