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FEABBHENRRHDE GFNERERRINHETRER)
SRUIEHRES

KIBORINARER L UEFIC BT 2B EFELOBITICE T 2H5R

SHEBIEE B ST

Bl At F IR

MREE Sy FTCOXKBENAMENED LN TW W 3 FEEEO HCA

(Trp-P-2, MeAoC, AaC) (22T,

MERR ) ICKD ACF OFEEZR

LR, MeAol THIEEERRB S ACF NBER SN, Trp-P-2 OBETFHE
M7 rANME, BERYS 7AZ—HITORBR, KIBEBAMEZTT Mellx
L—oD I FAR—EERT D EBGhoTlz, Trp-P-2 B HehoC 11, T8
WMEIR L) 2WD Z LI XD KBRS AR R AR RIR ST,

X, KEBAAHEBICIWT PCE, /K P, 0RBETHEXTWVWEILZR

WHI L7,

A. B HB
MBEFELEAPARIIEENDI AT
gL oY w73 (HCA) HERD
ELT.BEPIIFETSHEYOERERE -
HABENEILE NONACEENE T
HBUREENREZZ NS, LB LARRS,
FOEMIDONWTRERERRABZAMNELZN,
X, Ins{ePicksBEICNTIHE
HEOBEZESDVREREEHEEL TY
ZBEMBRENOSBOHBEERAINT
W, FMER, REFOELOER
B« RABEEYMBICEDBERINIHY
ORVBAETIVERNWT, © LEHER
B ETREREBGETRATOT 71
D ERFAZE L. RU@ € O &EHBHE,
® EVRABZEORZIBMAREITEIT

PRESUTIrANDOERLDONT
GeneChip (Affymetrix) 2R W/EEHE
BYIRIT 2TV, ISR RER
FRAETO Iy A NPBREFERICET
BF—YEHEBTE, Thickb., B2
AMTEERBERTEMOKH, BALE
MOBRABERBEICLZ2BBAEOTHL
{LE&HBEEORHAEE TOREHER
WEARNAETFRAMNEEGD, 5
. BEERCETOEENORENALY
AP, BRABRZEEZRETDSE
EHEROMBICL2EN LS BRER
DEENREERD,

B. A E
(1) 4D HCA o TgfigiE ik
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& % aberrant crypt foci (ACF)DiEF

REBREPALERBEIN TR L
HCA B GERBREMVAME) LT,
F1721- MeAaC (FIRHF OB, 200 ppm),
AaC (500 ppm)iz k5 ACF DiFERMZE
BWatl 7=, # F344 v bz, [(HCA
DEEZEEE] (HCA g6%EA&%R 2
WHE+EIEHREOAE 4 BHERE) #H
T MeAoC, AaC Z8E5L, RIFBHA
DEVABLEEREIND ACF OBR
HERi Lz, BEHEERSTRBREN
AEREEEINTWS HCA B (RIBEF
NAME) TH3 PhIP (400 ppm), 1Q
(300 ppm), MelQ (300 ppm), Glu-P-1
(500 ppm), KBENAENBREINT
Wizty HCA 8 (FXBRESALHE)
Trp-P-2 (100 ppm). EHEEHELSET
KIGRERAMEDRE SN MelQx (400
pom)DFER L, £, HCA @
2 R G TROMEE L NEEE e
LT, REOZMMIDWTORM L,
(2) 4O HCA o lEfiEE] I
KO RREE T 5 EETHORBYRESR

MeAaC, AaC % TEHRSE] W&
DREL., REMHBE 6 BICBLTKE
HEZHER UL, #iRLD RNA 2R
L. ¢cDNA KEELEZHOE2EFF E
#MLUT cRNA Yo—-T2ERL =,
GeneChip (RG34A, Affymetrix #H)% H
W, ) 8800 EOMEFII2WT. ¥/
AT RRRARNBETREART2ITR
W, D HCA DR LUz, R
FELTH, EREOAERELET Y
rOKIGHEBREBT L, &8 4 L0 S
v hEHRWE,

(3) YR, Tv bBLUE NOKEM

AT BIT S PGE2 SREY Ty
EP1-4 OFEH

AOMBREICEL S TiER L= CSTBL/6]
RUARG F344 T FOKRBNALRDT
DO IEN ABRKIGHERCY > T, RO,
b b @K AMEE S BLIED ATRRGE
XD RNA 2L, RT-PCR #ick-
T PGE, %%k EP,_, ORI L )V & FEHT
U, RIBEDPAICBTS PGE, 2E4O
BRI OWTHRE L.

(fHEEANORR)
FHRTITORMERIIOWTIEIEME
RICBET 88Tl ERICHKT S
BB R M E I L E R /ANRO
M E=HN5, BPMOERICHT2EE
H+SIAD.

C. WroEksR

(1) fix D HCA o TEHiEEE] I
&3 ACF OF % '

MeAaC, AcC %. TEHEREHE K&
DSy hRETDHE, 1RYZDEL.
Y1504 BLUOED ACF 2FR L,
PhIP, IQ, MelQ, Glu-P-1, MelQx, Trp-
P2 5T, 1 BYE=NEL£2.7, 1.8,
5.6, 2.7. 1.8. 5.6, 1.8, 1.6, 0 f2® ACF
EHERTS, 2 HEO HCA BEEED
FEI, WEBICIEL T, MeAaC, AaC
B EfEIL. §497,96%TH YD, PhIP, IQ,
MelQ, Glu-P-1, MelQx, Trp-P-2 &
BiX, 78, 95,93, 86,88, 100 % TH - 1=,
ACF BRENBEVRMIINILED S hieh
o 7= HCA @©H T, MeAaC (200 ppm),
Trp-P-2 (100 ppm) TR TN HEEH
Hl ST BBEEIZLERT 5 BRI\ TH -
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ENG. TEHIESE 2RWHZER
ko, #E5ERO HCA HERARED
300 ~ 400 ppm ETHETE 5 0[HEEN
Fgank, |

(2) 4 HCA @ TEiREE) &
& O EHATT 5 BETFREO MR
KBRS ADBIERGBEGTRER
ERETFRERTO7 71 INVORENEL
EEBRT50Ic, g0 HCA 2 18
Mk THREL, R5HEBE 3 RO
6 BTOXRBHEETORETREEZAT
BT U=, 5 3 EBIZBNT, IQ,
MelQ. Glu-P-1, MelQx. Trp-P-2 #
BT, SRECHELUTRERNN
Z5NEREFNEN . Ths 5
@ HCA RWTRHIFREMNAELRTY
BTHBIENE, TOFFHEICEDE
HREBOBLICHEN, KEEBETO™E
FREMNE T UwseENE X SNz,
o T, LBOMITIIERER 6 BEOY
PTINDBTIF oI, RBEVNANE
& LT, MeAaC, AaC EG5EEOBERZEM
AT, QHCA REBHKRUMBRDOEET
REOMRAEY 525 —@ifick s/
A1 RRBEFRAOED. BLUQ
RKEBEPADBICRENCRATH TS
BEFICOVWTRNLE, ‘
D BBE Y 525 —RIFO/ER. X
BRERAMED MecAal, AcC REHIX
—D0YFAY —EFR L. Trp-P-2
BEEHI. MelQx REHRE—DDI TR
 F—EBEL. S 512 Glu-P-1, MelQ, IQ
BENEL—HOYSAFT—2BRTS
T ED o, PhIP 5RO 7
D HCA HEEECERALZD, ¥BHcK
DEYLERD Y FAY—EBRUE,

@ Ric. KBREVDADBEIHENICR
AZHLTWAREFICOWTENZT
-7, IQ HERIE. BE 6 BACBL
THLBRETREANY J L71 FERITH
ZHNTWHHERANRDONTZED. K
BOBANSRMEA L, D HCA
BERITOVT, ARELILBLUTHE
KERETRRENED (LASWIRET)
LTWaABEFICODWTHENL . PhIP
BREBOBRETREIO T 7V, f
@ HCA HERIDISBELBULT
Wiz, REEVBAMBOREZELLT
MelQx., MelQ. Glu-P-1 @ 3 %2R
L. ZhsolETREIO7 71V E
fihay HCA &bz, Zhs 3 D
EEMITHBLUTHBEICHKBRLTHE
CEBELENZDONZERET 38 HD
Hh, EXRBRVAMETSHDS Trp-P-2,
MeAaC B AcC REBOERTREN
ML TWEBETIE. &434. 5, 7 #
THol-. E6iz, HKBLTET LR
{5F 86 MM B, Trp-P-2, MeAaC K
W AaC REBTREARTHRDONIE
EFiL. %482, 51, 34 fHTH- 7=
Mt KBEESAMERICGAL TRE
ZHLTWEREFOREBSI. Trp-P-
2 BETHRBOREETHERLEZTE
Wird, 5. KBEWADEELT
PhIP. MelQ. Glu-P-1 @ 3 fiE%E .
BEFRAOCTO7yA NV EBHRELEZL
25, 3DD{EMICHALTHEERELER
LZBETFN 6 . REKTULZEET
i1 16 fTHo7, TR 24 HOBET
KD WT, MelQx, Trp-P-2, MeAoC K
K AoC BERTORERLELRTS &,
Trp-P-2 5P TOEGTRAOTO T
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71 MelQx #EHICEELTWS
ZENbho . MeAaC BT AoC 5
BTOBRGTREROLD & IHEMNR

sz,

(3) RUARUVI v b DTS F ALY
FERRBVAEE MOXRBRAY T,
RO, ZRENOEMNALBEITBT 2
PGE, &4 ® EP-EP, D¥E % RT-
PCR IZ K DRAR-FER. EP, OFER,

RUARTTy hTRIEEBRTEL,
RENARBTEECERL TV, &
b® EP, ®SREIL. BT HHEBETT
BRSNS, TR, Iy MRUE
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IRDLENEM o, INSOFRLD,
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MEBINE, EP, ORBETICELT
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BexoPALRELLEMERWTKEGH
BCBTLBRETRRATOT771IAD
ERET LAV RCEFTHEICEK
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EMZTONT, TNSOKRBREMNAED
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1) Shaji, Y., Takahashi, M., Kitamura T.,
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Sugimura, T.; Wakabayashi, K. Down-
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2) Matsubara, S., Shibata, H., Takahashi,
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TLOBRLZOERICHATIMR -HER]

KGRV ABRERICHEITHBEIRF RGN

BN AE 2R
hE F.H5HRHZ

Various HCAs Produced in Cooked Foods

(Iﬁ CI—,@ QCC;F (ﬁm O:rjm

Trp-P-1 Trp-P-2 Glu-P-1 MelQ
.y N—chy M- cHy
O™ O Qw:j::».., *‘w:'li[:f q I%f
Glu-P-2 Phe-P-1 PhiP MelQix
e N-cy  HE ]é/"—‘"‘
., Ot R & i
MeAuC 4"-OH-PhIP 4,8-DiMelQx 7,8-DiMelQx

* HCAs; heterocyclic amines

—145—




A Model of Sequential Progression from ACF to Cancer

—
' Aberrant crypt focl
Normal mucosa (ACF)
CH,
| 02 68 1214 "2 $0 whs
g _ lx‘ M e W Y L g
£ . ) NHZ .
E ) N N £53 400 ppm PHIP in basal diet
. . . £33 Migh-tat dist dlone
2-Amino-t-methyl-6-phenyl-

imidazo {4,5-b ] pyridine (Ph!P)

Application of Compiled Toxicogenomics Data for Risk Assessment of
Environmental Mutagens and Carcinogens

Early stage A Late stage
or Cancer E Cancer (+) or
Low dose exposure i High dose exposure

QOe0000
[o.alalalal 1)
(o] J=lelalel
(w. o 0lslel To]
OO0 8000
Qo008 00
S*OOO00C
QO8C000
[#1 1 lelelsle]

(®): Up-regutated both in cancers and at early stages
®: Down-regutated both in cancers and at early stages

:

«Identification of predictable signature markers for human carcinogenesis
<Risk assessment for humans at low doses
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Histopathological Findings and Genetic Alterations
Observed in PhiP-Induced Colon Tumors

Codons 32, 34, 36, 37, 38
(GtoT,AorC)

Exon 14 or 15
§'-GTGGGATI' to §5'-GTGGAT-I
{G deletion)

Junction of intron 10/exon 11
§-tagGGGGG-3' to §'-1alGCCGG-Y
{GtoT)
§-tagGGGGG-Y to 5-1agGGGGY’
{G deletion)

Neoplastic cells showed tubular growth pattern {No. 1, 2).
Differentiation into Paneth cells {No. 3} was also detected.

Hierarchical Clustering Analysis of Genes Expressed
in Normal Colon Epithelium and Colon Cancers

Over-expressed
in colon cancers

Under-expressed
in colon cancers

RAMAAAFEFPEFFAFRAFFAAL
HMNANHHNNNNNTTTTFS FTTT
142504 T302B41133474802

mnnrnrnh
MRNN NN NTET TITTTEY
1940TIRISASEVI4 205430
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Genes Over-expressed in Colon Cancers of both F344 and ACI strains

<EI§"T;iA=’mu:cu mRNA fof fype | keratin (MHN a-1)

irfracelidar cdlcnifi-binding protein (MRET4) mRNA
<£ST>?

Ant-acetylcholine recepior anfibody gene
[<EST> ACO78560 Homo saplens 1%3 HAC RP11-186F 10|
i yKin-1 alpha mil ]

roleln tyrosle phovphatase (PTE-E 1] mRNA

8 gens
Flatelet phospholipaye AZ
MASH-2 Rr& axpressed in neuronal piecursor celis

C-HA-ras profo-oncogene i$m yequance

Cation fransporter ) z
[interieukin i-beta MRNA 8.52] Tasd oal _jivzal 1788 143
id3a mRNA, compiete oot 86281 Ta37.44[ 9377 455
|Alpha-2-macroglobuiin gend X 903.14 8.59
nic cation transporter OG ] 1A MARA 185,601 s
% %ﬁmiﬁﬁ T30 pracureor, MRNA, complets cds 5738 230878 %45 408
*¥| <EXT) simiar to rat oycin D2 8132.35| 1.92u+4; 54 a7
<EST> W58 A0Bige; 52 4
[STubathions S-Gansferass MY MHNA L I T
VL33 elomant MRAA \ 0.7} 1055.78| 10842, 524  10.3,
[<EST>Mus muscuius inhibor of ONA binding 3 (idb3) 19.58] 841878, 510 477
cds 2041 973 SM 254
facter1 (HRVE-T) mRiA 81.72| 4720.72 492 a8
RNA 3772 484 299
4 1836.3 sar 4.3
EST> . 4 404 41
Betafubulln T betaly 3252.25] 1145001 2178.01 352 382

Genes Under-expressed in Colon Cancers of both F344 and ACI Strains

f PO 5o o Foldehangy |
MACh> | iafMd

e8I HORMAL TUMOR INORMAL TUOR [T
<EST>Simir tn phorphoglocomutene { LOCS2062) | 185004 140200 1.7%0s4[ 620.28) 11813 2788
S22 mRNA 971460 1606y 250eva! 174256 #L28 149
<ES Y>uimer to human how B2 95202, 16.84[ 1D1TAS] 16403 4088 597
Gamma-antsce ymogth myscie sctn nofom mRNA Gadasdl 1 200+3 107045 S83043 5248 1012
272196, B487| 312698 14TM1] 4T 2138
ESeed 3.330+1] T070ed]  0.001) 4.58a+1 Z07u+8
98143 o7 $41167] 4004 4512 A%
ATwsd 422841 170044
Hdaed iy wm  oes
M| BN
0z,
129
1182
1.01e41
41
1453
549
X 1728
[ 230584 R norvagicus (witar} mA for 2G-18p fede=(60,508) gbeZ 30554 548
<EST> D601 Ret MRNA Kr virlculw st actin .86
a2am
12
=18
s
1.8/
A
‘Shydrony-S-mathylghusrd-CoA tynthase mANA 358
|<EST=AF119148 Mrmus CIH Mamin ; & 109
BETH.14 43,
33532 [ 5. I Y
31533 83t ast
42358 94 a8




Comparison of Over-expressed Genes in Tumors of Rat and Human

Rat Human
Gane nams Fold ;N "
Defensin NP1 (a1) like protain £$3.30 not changed
Matrilysin (Mmp=7) mRNA 41.489 3.00 mur-:nnu'd" @
CEST> AABSS937 14.37 NA
Defensin NP3 (a3) gene 13.47  not changed
Platalet phospholipase A2 12.02 not changed ovarwapressed #
Typs L keratin { Mhr a—1) 9.88 NA
Anti-ncatylkcheline receptor antibody gens .62 NA
Mash-2 9.52 NA ase®
o-Ha-ras proto-sncogens mechanitm sequence 8.90 NA
Intracellular salcium-~binding protein Mrp14 s.18 not changed 1 IID”
Receptor-iinkad protein tyrosine phosphatase a.08 KA
Maorophage matalloslastase { Mma) 7.45% 5.10
Cation transporter OctiA 7.43 NA
VYLIG wlement $.75 NA
Interiouhin | -bata mRNA 8.08 not changed
Cyelin D2 5.60  not changed s/0") over-wxpressed "
Alpha=2-macroglobylin 5.58 NA svar-sxpressed’’

1) Notterman st al.(2001}; 2) Buchhayks ot af, (2001); 3) McDonnelt ot al. {1991):
4) Yoshimoto st al. (1983) 3) Kennedy st al. {1390); &) Bartkova ot al. (2001);

7) Cooperet al. (1978); NA. not assassed

'Reéal-time RT-PCR Analysis of Over-expressed Genes
' in Human Colorectal Cancers .

CaneA CaneB

Normal Tamor - . - Rormsl .

Relative amount of mRNA / p-actin mRNA

Normel  ~ Tumer N Normal

Tumar .

Tumor Normel ~ Tumor
Gene € Gera F
" [}
1
¥
14
R *
n
3
L)
L] z
¥
1
]
L} 0 - -
Normal Tumor
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Arachidonic acid

Cyclooxygenase(COX) ——>
COX-1 {constitutive) PGG
COX-2 (inducible) z
L
PGH 2
]
sy:tchnnsn-bl syi?lﬂsJ’l sy':\tslfase+ syl::lins;’ l sy?lhas-lb
PGD: PGE: PGF: PGl: TXA:

PGE2 Receptor mRNA Expression in Colon Cancer

Mouse
Norma?
acn. ]
Call- ~ %~ e~
2 R
Cclim e mm
= -~ = ]




A Multistep Model of Colon Cancer induced by
Environmental Carcinogens

[ —‘a—a{—“

'U‘ K}J ,L\n@b i ::f\ i

P ey ;—-.e—-;—m—!

@y O]

7 - ut}‘hq t‘:’ﬂ

-‘
"

d
S

3 MRS et ! iy
Normal Colon Non-dysplastic Dysplastic ACF Dysplasﬂc ACF
Epithelium ACF {low grade) {high grads) Adenocarcinoma

A Muiltistep Model of Colon Cancer induced by
Environmental Carcinogens

Eﬁ"’"‘ 5\
sur- Qk\‘j (S(-"‘s /" nﬁi@j R

e
i L\ Jd
o PSR ey
Normat Calon Non-dysplastic Dysplastic ACF Dysplasﬁc ACF
Epithellum (low grade} {high grade) Adsnocarcinoma
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Number of ACF and Dysplastic ACF induced in Rats by PhIP

Exp. PhiP. No.ofrats No.of ACF  Mo. of large Dysplastic ACE ——
ms tx(pv:;‘l;u anatyzed ACF (>4 ACs) No. No. of ACE with
f-catenin secumulation|
s 2 10 2T = 18 08 + 0.7 0.4 = 08 04 = 08
18 ] 10 37 £ 22 10 = 09 08 + 190 0.8 + 07
28 8 7 47 = 20 13 + 14 14 = 12 1.0 = 038
32 [ ] 10 47 + 27 1.3 = 20 08 + 1.0 0.7 + 08

© Of the total 144 ACF, 19 of 27, 27 of 37, 26 of 33 and 33 of 47 ACF at weeks 6, 18, 25 and 32, respectively, were subjected

ta the histological svatuation.

Alterations In AOM-induced Colon Lesions in Rats

Gene or Alteration Frequency (%} in
protaln Hyperplastic Oysplastic Adenomas Small Large
ACF ACF Carcinomas Carcinomas
K-ras Mutation 70 ¢ [ 8 43
BCatenin Nutation 0 1] 33 75 79
p-Catenin Cytoplasmic & nuclear 0 100 100 1090 100
translocation
INOS Increased axpression
in spithelial cells 0 100 100 82 100
In stromal calls - - - - 2
COX-2 Increased exprassion
In spithelial cells ] ] 17 42 79
in stromal cells + * -+ -+ e

Srmall carcinomas: 1-5 mm, Large carcinormas: >5 mm
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Colonic Lesions Induced by PhiP, IQ and MelQ

. No. of Total Dysplastic
Diet rat ACF ACF Tumor
PhiP 20 8.0+3.3 3.2+26 0709
Q 19 49+1.7 20+1.6 0.3+086
MelQ 18 154+4.7 31+22 06+038
Control 20 06+0.8 0.1+0.2 0

Al figures for colonic lesions are expressed as number of lesions per rat.

Differential Staining for Dysplastic ACF

| Experimental Procedure |
Resect the colon and cut open

Fix with 10 % neutralized
formalin overnight at 4 °C

Stain with 0.2 % methylene
biue in PBS for 30 min at R.T.

Decolorize the section with 70 %
methanol for 8 min at R.T.

s : Non-dysplastic  Dysplastic
Capture the image by a CCD camera, ACF ACF
and digitize the signal density
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Distribution of Density Ratio in
Dysplastic and Non-dysplastic ACF
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Toxicogenomics Approach to Identifying Genes
Responsible for Colon Carcinogenesis
Induced by HCAs
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Application of Compiled Toxicogenomics Data for Risk Assessment of
Environmental Mutagens and Carcinogens

Early stage \ Late stage
or Cancer{3 Cancer (+) or
Low dase exposure High dose exposure
) s 1 i
TS i e i J
QQe0Q00 QOe0900 cQo00Q0 QCGoQ00C 9000000
8.0.090 8.8.08 [o1 Jo] Yolaia] 000.80. ..0080&@
[elelelal o] Q000 0.00080 QeCO000 200800
Q000800 [sle] Je lele] [+]a7 To] lule] Q000 QOSO00®
#Q00000 [ 4 0008 .800080 .000008 [ 8000
08.0080 [#1¢>: Tilele] COeQ 000 208080 Ve CBO0
felelelviale] ] [wlvfelu]ale] ] oQQ0o0e QeCOQ08 [o] Jelelele]s]

®: Up-regulated both In cancers and at early stages
: Down-regulated both in cancers and at early stages

i |

-identification of predictable signature markers for human carcinogenesis
*Risk assessmant for humans at low doses

Experimental Protocol

Sequential Gene Expression Analysis
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" Colon cancer

2’ Up-regulated T Gene#1

Fold change

Down-regulated \
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