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Reliable Safety Assessment Depends on Species Differences in
Epigenetic Mechanisms of Gene Regulation
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The potential carcinogenic hazard of chemical agents to humans is presently based primarily on the results of long-
term animal bioassays. The validity of this toxicologic approach to human risk assessment depends on two fundamental
assumptions. First, the results of an animal bioassay are directly applicable to humans (interspecies extrapolation) . Sec-
ond, the doses used in an animal bioassay are relevant for estimating risk at known or expected human exposure levels
(dose extrapolation) . Although progress has been made over the past four decades in understanding the mode of action
of chemical carcinogens, it is increasingly important to determine mechanistically the relevance of these modes of action
in humans. There is now evidence that M6P/IGF2R functions as a novel tumor-suppressor gene in a variety of human
and rodent cancers. M6p/Igf2r is imprinted in rodents and expressed only from the maternal allele after embryonic im-
plantation. In contrast, both alleles are functional in humans. This marked species difference in M6P/IGF2R imprinting
has important implications for human carcinogen risk assessment since only one rather than two alleles needs to be mu-
tated in rodents to completely inactivate the function of this tumor suppressor gene. This striking species difference in
the imprint status of M6P/IGF2R clearly demonstrates that we need to understand better variations in epigenetic
mechanisms of gene regulation between rodents and humans to perform accurately chemical safety assessments.
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Table 1. The Human Relevance Framework

1.  Introduction
II.  Is the weight of evidence sufficient to establish the MOA
(Mode of Action) in animals?

Postulated MOA

Key events

Dose-response relationship

Temporal association

moowp

Strength, consistency, and specificity of association
of key events and tumor response

Biological plausibility and coherence

Other MOA

Assessment of postulated MOA

Uncertainties, inconsistencies, and data gaps

~ o m

III. Are key events in the animal MOA plausible in humans?

IV. Taking into account kinetic and dynamic factors, is the
animal MOA plausible in humans?

V. Statement of confidence, analysis, and implications
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Embryo and Placenta
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on Gestation Day 10
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®: Maternal origin of the pronuclei
O: Paternal origin of the pronuclei

Fig. 1. Maternal and Paternal Contribution to the Zygote

Single pronuclei was transplanted between one-cell-stage embryos using a nuclear-transplantation technique. The results show that diploid biparental gy-
nogenetic and androgenetic embryos do not complete normal embryogenesis, whereas control nuclear transplant embryos do. These findings demonstrated that the
maternal and paternal contributions to the embryonic genome in mammals are not functionally equivalent and that both are essential to complete embryogenesis.
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4. Mannose 6-phosphate/insulin-like Growth
Factor 2 Receptor (M6P/IGF2R)
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/insulin-like growth factor 2 receptor (M6P/IGF2R)
D cDNA [Z 9090 bp TH 0, Hefalk 6q26 IZALE Y
5. 1920 Z 113 147 bp @ 5" non-coding B %, 7473
bp M K & 7% open reading frame, & T 1470 bp @
3’ non-coding i #| 2 572 5. Z D open reading
frame X 2491 HD Y 2 /MBI 5EHZI— R
LTWa, 22647 X VBN SR R AL 2>
WRE 2D, T3 15 f# D repeat regions (F
B1471EHOT 2 B, 16 105 38% OFFET 2 J B
BF) mulkhbd. ZDEMN 23BENSRD
transmembrane region, 164 7% 5 7/n 5 72 5 cytoplas-
mic domain 7 5 72 % (Fig. 2). 300kDa @ M6P/
IGF2R E IR 2 IR HARICB W THRB L TH O,
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Fig. 2. Scheme Showing the Role of the M6P/IGF2 Receptor in Regulating the Cellular Availability of IGF2 and Active TGFf

IGF2 can bind to the IGF2 receptor to stimulate cell growth and protect the cell from apoptosis formation. Alternatively, IGF2 can bind to the M6P/IGF2
receptor for internalization and degradation in the lysosomes. The TGFf latent complex cannot bind to the TGFJ receptors. Activation of the TGFf latent complex
by plasmin is facilitated by binding of the TGFJ latent complex to the M6P/IGF2 reporter. Upon activation, active TGFS is able to bind to the TGFJ receptors and
either inhibits growth or stimulates apoptosis formation. Therefore, the M6P/IGF2 receptor can functionally considered to be a tumor suppressor gene.
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Fig. 3. Deoxyguanosine (G) Deletion in a (G) 3 Repeat of the
MG6P/IGF2 Reporter Gene in an Human Hepatocellular Car-
cinomas (HCC) with LOH?”

(A) Direct sequencing of the PCR template derived from tumor (T)
and normal stromal tissue (N) shows a single G deletion in exon 28 (based
on the mouse gene) of the tumor. (B) Human HCC cells with LOH and a G
deletion are immunohistochemically negative for the M6P/IGF2R protein;
however, the extracellular spaces are positively strained (arrows). (Counter-
stained with hematoxylin; x275). (C) Immunohistochemical staining for the
M6P/IGF2R in normal hepatocytes demonstrates a high concentration of in-
tracellular receptors. (Counterstained with hematoxylin; x275). Copyright
(1997) National Academy of Sciences, U.S.A.
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Fig. 4. LOH at the M6P/IGF2R Locus in an HCC and Adja-
cent Cirrhotic Nodules of an Informative Patient with a
History of HBV and HCV Infection?”

(A) LOH at the M6P/IGF2R locus is mapped in an HCC and adjacent
cirrhotic nodules. (Mason’s stain; X8) Hatched and crosshatched areas have
LOH at the M6P/IGF2R locus, while both alleles are present in those en-
closed areas without hatch marks. (B) Autoradiograph shows both allele 1
(A1) and allele 2 (A2) at the M6P/IGF2R locus in normal stromal tissue
(N). On contrast, allele A1 is lost in HCC regions 1—35 and cirrhotic nodules
6—11. Allele A2 is lost in cirrhotic nodule 12, while cirrhotic nodules 13—16
have both alleles present. Arrowheads mark the lost alleles; faint bands are
due to contaminating normal stromal tissue. Copyright (1997) National
Academy of Sciences, U.S.A.
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M6P/IGF2R

Imprinting Lost uumlpy
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M6P/IGF2R

Imprinting Evolved >
(150 M Years Ago)

Loss of function
Primates
Scandentia

Dermoptera

Ungulates

Marsupials

Fig. 5. Imprinting Evolution of M6P/IGF2R

Monotremes
Birds

MG6P/IGF2R is clearly imprinted in Marsupials (opossum), Ungulates (pig, cow and sheep) and Rodents (rat and mouse), but that is no imprinted in Birds
(chicken) , Monotremes (platypus, echidna), Dermoptera (colugo), Scandentia (tree shrew) and Primates (ringtail lemurs, humans) . In accord with the two-hit
model of tumor suppressor gene inactivation, only a single mutation is required to negate M6P/IGF2R tumor suppressor function in rodents, since one allele is al-
ready inactivated by the epigenetic phenomenon of imprinting. In contrast, two mutational events are required to inactivate this gene in humans (see Fig. 6).

====zp Cancer

1st Somatic 2nd Somatic
Event Event
1st hit 2nd hit
1st Somatic
Event
EEEEm
— P Cancer

T: Tumor Suppressor
T: Inactivated Tumor Suppressor
‘%; Imprinted Tumor Suppressor

Fig. 6. Tumor Suppressor Gene Inactivation for a Two-hit
Model of Carcinogenesis

(A) The genome initially contains two normal alleles of a tumor sup-
pressor gene (T). The 1st and 2nd somatic events are gene inactivating muta-
tions, and they correspond to the 1st and 2nd hits in this model of carcino-
genesis. (B) The genome initially contains one alleles of a tumor suppressor
gene that is inactive because of genomic imprinting and normal allele. The
1st somatic event is an inactivating gene mutation in T. This is the 2nd hit in
this model of carcinogenesis because the 1st hit was the inactivation of the
tumor suppressor by genomic imprinting.
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oWETIIA > T T I3 nNT0wBH I En
5, REHKOBBLEERIIANELINTNDS, 92
LEN->T, BEHEROELRTFICERNEL S0
T M6p/Igf2r DEEENTHET 5D EEABNS
(I72HB 1 by bTH4). M6P/IGF2R O A&k
L TCHET HEEDSG, LitO X D ez,

5, ERMIHEARNT Y hOYTRATRERELSNDHOD
EEZBND, BN

8. BHYIC

W, BOFEBRBEIRE<AZ>IT -3,
JOE—alr, JaV by ard3 DI
sFehn, TNTHOERBTRERLIKNTMEEGT
%, WOWWBLLEEHELEZSNTNS, bL,
NS EEORT DA T BN M6P/IGF2R
DHFED XD FEENH UL, FWEZIEIIREIC
KORERERNELC DAREMENH S, el Lz &
21T, EELTEPNLRT—FICEDE, —Hofk
FREBIIPVWTREEENDH D EEAOSNTVEHOD
D, << DOHHE, BWERICBISHEIERTSH
EIUHEDENSEHRTIMicN TN S, ES, &
HOEKFOHFEICBNTIRZDIF E A EITEIEHE
MEEEIRWMEEMERAET S I &S, FHMEFHEE
OARBZELRHEE TR, FEEEHEEITRDEIY
PIRT AV AEEEN LD TH SRS
W, FOIE Y 3T 1 7 AMEIIZEIC K SR
MBDOENBLEEHHD. Lino>T, e
IZHED2IZY 72> T, Ty bR RRBBLN
b b THRIT 2HEEE TRIFTETIEH 55, —if,
ELSTFHIL TWERWEGDH DG I E2HEL
THBMEDDH D, ERBPOKERNSE DU X
7 THT R0, EREW THED S NIZFHED I
THEZIHSNTL, FO0THBICBT 2Rk
MEbe NEDERZFTDICER L LTHRIEY R
EYHTEZENEEMNEEZS.
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b MCBIT 2RO SN S, FEESMEA
AEEEBL, #HABRICBT 2 EHERE O 100
EUTFTORBLME NBEZREEL TIFEINRWL., F
B 2B MEEEOAHEEITL->TIE, 51210
FEEW 1000 fELA R OB LUDNHFAEI N NWEEH H
%. BB TR S N B A FERE Y D H
THRHATLIEE (TROBBEEOEE) Thok
BAETH, TOHRERBEBZzHSMNTLE MY
TRESLRBRWI EZRIBWVED, EAMICIZE b
THZOHMIIHEBHITZ2HDEEZ, BB TO
HUEREHEOE FAORRIIFHFEINLZL., 20O
Ba, T OEYE O ARIRNA & <780 4kFE
DHEMMEEER L ENRWn. B - B2 b
$ERO A< U, KO#EUREeEMEFMETS 2 &
Nnbhbh hFraolx hofimEE x5, kb
L=k DiT, KoM zetiMz oIy, 5
BEYEE NEOAEMNBEEDHMIINEATH
5. Iy MR TAENESTLEH/NS/2E M TR
BNEWD ZEERHEICES, T 2L4ENDH
%, 0, EROARST Ty ROIYTADT ) L
MESMZIN, SBERARNT J LAELTHKERT
DOHEBEMT DA RICHED 5 NDTHAS. ThH
DWFFENFE D L 2 25T HED 5N, FOHRMNE
PHFEBICP N THERHEINS Z L2 ] L 20,

HiEE HELZIF 20 £ U KE Nebras-
ka K% Dr. Cohen, K[E Duke K2 Dr. Jirtle, X
Baylor [Ef} K% Dr. Waterland IZJE < BLH L
LT ET. £, ZOXOIBEEROEEENWEEE
F U RBRRZFR BRI PE  WIeA,
JERFRFEBEFE LTRSS e AT E#H U -
ET.
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