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Various Heterocyclic Amines (HCAs)
Produced in Cooked Foods

Colon carcinogen

O, O, Qo™

7 % HCHy
CTHy \N [ \N CH3
Trp-P-1 Ts'prP~ Glu-P-1 G MelQ
e N
7 gy Bifz @.._@ P s e ==<:~cn, s \r{a-cn;
QL_NIJ T . ;} e C\E“ EH >~
Glu-pP-2 Phe-P-1 PhiP el G
Hz
N/\N/ ity . N/ HH, '}HH;
H H 3
AaC MeAoC é—‘-GH-Ph!F é,@-D!Fﬁefo 7,8—DXMEEQX

Sequential Progression Model from ACF to Cancer

Aberrant erypt foel

2-Amino-t-mothyi-6-phenyl-
Imidam[l% S-bipyridine

Normal mucosa Dysplastic ACF Colon cancer
(ACF)
- ’ s Male rats, 6 wks old
e S :
(X e : !
N R
PhiP v 2 & 8

Cone.
{460 ppmy}

12

14 18

o]

¥ Auiopsy
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Histopathological Findings and Genetic Alterations
Observed in PhiP-Induced Colon Tumors

Ape (approx. 10 - 15 %)

Excnidoris
5-GTGOAAT-? io F-GTGBAT-Y
(G deletion}
intron 10 & exon 11 junction
5fagQGaGEe-3 to §-1alGGGGRG-3
(GioT)
5-fagBGGGGE-3’ o 5-ltaghiGRG-3
(G deletion)

A-vatenin (25 - 50 %)
Codons 32, 34, 36, 37, 38 (mainly G to T/A)

%% Accumulation of f-catenin
Paneth cell disdifferentiation

K-ras and p&3 mutations are rarely observed.
Genomic instability (MS1) is not evident,

Tubular growth pattemn (No. 1, 2), and
differentiation into Paneth celis (No. 3)

Histopathological Relationship among Various
Precancerous Lesions in the Colon

BCAC

{B-Catenin
accumulated crypl)

MDF

{Mucin-depleted
foci )

Flat dysplastic
ACF
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Mutation Spectra in the S-cafenin Gene Observed in
Dysplastic ACF and Colon Tumors induced by PhiP

ERRAIETA RENE  BREUILA
ERe4T  Tiomem BNE RO

AROH

g-Cateninga

~ His > Tyre

Tumor 3z GAT > AAT Asp = Asn 1 6
34 GGA - GTA Gly = Val 2

GGA - GAA Gly = Glu 1

Mucin (AB-PAS)

36 CAC - CCC  His = Pro 1

Parneih cell 38 GGT 2 CGT  Gly 2 Arg i

Histopathological features of
dysplastic ACF

Numbers of Dysplastic ACF, but Total ACF, induced by PhiP, 1G and
MelQ Well Represent Their Carcinogenic Potentials in the Colon

Total ACF Dysplastic ACF Tumor

MelG

Control »

Y 10 20 0 2.5 5 0 1 2

No. of lesions / rat
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Various Heterocyclic Amines (HCAs)
Produced in Cooked Foods

Colon carcinogen

Ha

p{lﬁz ¢<mz
= gyt TN N
w - WO N—CH3
i
cH; N n cHy
1Q

u /
H CHy
Trp-P-1 Glu-P-1 MelQ
o <
fHa - -
Z LN T RN o By HUoHs g H—CHy
o O, Mo o™ oy
Glu-p-2 Phe-P-1 Phip MelQx 10x

‘Cﬁz vA(‘":
?N; s =
P
8w H Sy oy HCT vy

£-OH-PhiP 4,8-DiMelQx  7,8-DilielQx

Experimental Design

344 male rats (6 wks old)

0 2 3 6 wks
HCA-treated |
Control
Autopsy

Gene expression 4
{Colon mucosa, GeneChip
RG-U34A)
ACF induction 5

— 166 —




Hierarchical Gene Expression Céuéieféﬂg (0

4687 genes were used for the
analysis. The flags of selected
genes were presence or
marginatl in more than one
sample out of 41 samples

In {Gtreated group, the
expression levels were low on
the whole compared io those in
other HCA- treated and
unireaied groups.

Hierarchical Gene Expression Clustering (1)

4663 genes were
used for the analysis.
The flags of selected
genes were presence
of marginal in more
than one sample out
of 37 samples
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Number of Genes Commonly Up- or Down-regulated by
PhiP, MelQ and Glu-P-1

MelQ

PhiP

Glu-P-1

| HCAs{ > LF-control |

MelQ

PhiP

l HCAS@ > LF-control 1

{1-Way ANOVA,; p<0.05)

Six Genes Commonly Up-regulated in PhiP, MelQ and
Glu-P-1-treated Colon Epithelium of F344 Rats

WislQx AaC | MeAoC
Li3025UTR | Rattus norvegicus mRNA, 2 end N
GAAwriplet repeat
J01435cds Ratius norvegicus mitochondrial
eytochrome oxidase subunits ¥
{Cox1}
M31820 Rat mucin-like protein mRNA
LS * *
re_AABS3485 | Unkown Glu-Pro depeplide repeat et
protein T -
Ho2508UTR | Ratius norvegicus polymetic . .
immunoglobulin receptor mRANA * -
X06801cds Rat mRNA for vascular alpha-actin
T e Rl
bt > 10-f0ld; 4+ > 3-fold; + » 2-80id; &+ > 1.5-fold
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16 Genes Commonly Down-regulated in PhiIP, MelQ and Glu-P-1

MelQx AaC MeAaC

ro_AlB39342 ESTs, highly similar to YS64 + + +
re_ AIT03911 ESTs, highly similar to Ublquitinol 4 - +
re_AAS59806 ESTs >

D83796 UDP glycosyltransferase 1 family + & +
rc_AABS1422 Hypoxia induced gene 1 (HIGT) * * +
vo_AABDE330 Calmodulin-depend. protein kinase §i - + +
M94918mRNA Rat beta-giobin gene 1 4 +
fo_AAB8464% ESTs + + +
LO7073 Adaptor-refated protein complex AP3 + + +
M15562 Rat MHC class I alpha chain RT1.D +

rc_Al176481 ESTs + + %
re_ARS44324 ADP-ribosylation facior 8 *+

ro_AAB93147 ESTs ey + 4
re_Al172017 Aldehyde dehydrogenase 2 (mi) + + +
ABO10487 mRNA for MDR-associated protein + +
380285 Proteasome subunit alphatype 1 + + +

Gene Set Enrichment Analysis (GSEA)

Collect

gene sets Leading edge subset

P Gene set S
i UM

Carrelation with Phenotype

. Phenotype . \

MelG: Trp-P-2

Gene set &

Random Waik
\,\‘\.\ .

ES(S}I s I

Maximum deviation Gene List Rank
from zero provides tha
enrichrant score ES78)

Subramanian et al. (2005} Proc. Natl, Acad. $ci. USA 162, 15545-15580
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The sources for Functional Set (C2)

e BioCarta: www.biocaria.com.

e Bignaling pathway database: www. gri.kyushu-
u.ge.jpfspadfmenu.html

°  Signaling gateway: www.signaling-gateway.org.

= Signal iransduction knowledge environment:
hitp:/isike.sciencemag.org.

e Human protein reference database: www.hprd.org.

*  GenMAPP: www.genmapp.org.

»  Gene oniology: www.geneoniology.org.

* SBigma-Aldrich pathways:
hitp/;www, sigmaaldrich.com/Area_of_Interest/Biochemicals/Enzy
me_Explorer/Key_Resources.himl.

s Gene arrays, BioSclence Corp.: www.superarray.corm.

= Human canger genome anatomy consortium:
hitp:/cgap.nei.nih.gov.

Subramanian et al. (2005) Proc. Natl. Acad. Sci. USA 102, 1554515550

GSEA for Comprehensive Gene Expression Data of Rats;
Generation of Functional Set (C2) of Rat version

Expression data

#1.2

[ 171
Namg Doscription 1#80 £79
ro AlO14087 at {Rps26 44151 183§

ACollapseProbes

y;

Microarray annotation

Probe SetID  |Gene Tite yenbol

A01157cds s ot {lipase, gastric LiPF

sarine (or cysteine)
proteinase inhibitor, clade

A03913cds s at |E, mambar 2 SERPINE2
AQ4674cds s at_|uncoupling protein 1 UCP1
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Number of Gene Sets Used for GSEA

-Comparison of Carcinogenic and Non-carcinogenic HCAs in the Colon-

No. of genes No. of gene set used GSEA

probes  aPplledto _ _
Original™ 429 328
RG-U34A 8800 6256 300 191
Analyzed? 4663 3258 218 126

*1; Fuctional set (C2) of human contained 522 gene sets.
*2; The flags were presence or marginal in more than one sample out of 37 samples.

Comparison of Carcinogenic and Non-
carcinogenic HCAs in the Colon by GSEA

Trp-P-2 «—— MelQx, Glu-P-1, MelQ, PhiP

MehAaC «—— AaC

LF > Trp-P-2, MelQx, Glu-P-1, MelQ, PhiP,
MeAoC, AaC
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Enrichment Score and the Leading-edge
Subsets in MelQ vs Trp-P-2

Inflammatory response pathway Erk pathway

Leading-edge Subset of Genes involved in
Inflammatory Response and Erk Pathways

{a) Inflammatory Response {b) Erk pathwasy

= FN1 - PDGFRA
- COL3A1 - HRAS

- COL1A1 ~ NGFB

= RAF1

= GNAS

« PPP2CA
- GRB2

- MAP2K1
~ RPS6KA1
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Gene Sets and their FDR g-value of
Those Enriched in Trp-P-2 Phenotypes

Trp-B-2 > PhiP Trp-P-2 > Glu-P-1

No. of Size of
genes geneset = 10 215 215

cell_growth_and_or_maintenance 14
MAPO0210_Nitrogen_metabolism 10

Gene set

ST_JNK_MAPK _Pathway 11 b

HEMO_TF_LIST_JP 24 0.07873
MAP00230_Purine_metabolism 26 0.123¢

par1Pathway 10 otd21al

vegfPathway 19 0.21316 336

cell_adhesion 34 0.21975 0.176604
pidinsPathway 16 0.2293 0.204085
Electron_Transport_Chain 42 0.185

FDR g-value < 0.25 and Normal P value < 0.05

Preneoplastic Lesions Induced in the Colon by PhiP,
Trp-P-2, MeAaC and AaC

Compounds 'oof (%% AGF  Acsiack DYSplastic
PhIP 10 400 27%15 2312 10
Trp-P2 4 400 28+ 15 36+10 13+15
MeA«C 4 400 20%12 23+09 15x13

AuG 4 500 0 0 0

*N.A,; Data not available
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Enrichment Score and the Leading-edge
Subsets in MeAoC vs AaC

8T Inferieukin 4 pathway

FDR g-value = 0.25 and Normal P value < 0.001

ary

In order 1o elucidate the differences of biologlcal properties
between Trp-P-2 and other colon carcinogens, we conducted
delailed gene expression analysis using GSEA with funciional
gene set (C2). '

Four gene sets (erkPathway, RAP DOWN, and Inflammatory_
Response Pathway, sppaPathway, ) were identified in common as
enrichment phenotypes in colon epithelium treated with MelQ or
MelQx compared to those ireated with Trp-P-2,

Enrichment phenotype in MeAaC-ireated colon epithelium
compared {o AcC is 8T Interleukin 4 Pathway {FOR g-value; 0.100).

Genes involved In cellular siresses and inflammatory responses
could have a subsiantial impact on chemically-induced colon
carcinogenesis.
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Z&, NN Statl BARF T OB —F—ITIFAET D CpG island DFEAF AL X
STz TNBRIREMEN BB LGNNI LT, BBRA T o — a5
WZDWTHE, FUFRBIER TR AT T4 7 7 =Ry 71 X055 &5 TSH
120 RR e R b Bz D BB M A TE A {2 X 5 kojic acid (KA)Z VT, DHPN
FRETYIRRIBREDBAETT L TO KA ICEARBAT BT —a OfERAED
ToHBRAVERRZE ., BNG | JENE B RBIEERERL (FRCH), IRIE, MRS A Th~A
a7 VAL DBETREMBTEITo7-, TORKR. TFEEEBL)ICHL,
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LR, IR TR T AEANEA
BOBMiEITL003HY, EhbbibE
WMVB LD BT HIENON TS,
Fo T fEEDI S E T/l T
HEFMEEHEF T2, ZOTE VR
Ty 7 HIEERE S B O HREL . Mo
Rt E SRS NAZ LA TH D,

TRV X Ty 7O T, S
/5 DNA O{EffiZST9 S HENE, BinF 3
WO A7 HEARICHIET DRI EE
HEOR W HIEEE ThY, VRO
FINACERE N TDHZERMENTND, &
DI R ED AF AGERIL, IREE D
TER - BEREIC L B B DRt D Ml & 2k
F 3 Tep e ) OB RESIHIC &> THE
T B, BRI, MER I O RENH
HINDHE, WEZ2 R R AR O fE A 23T
Z 72720 . PR R ITIEAR IR )
BOFEMERH D, UL, AFALEMi%
HELT2FEWE L, TOBEFRIREHE
PEIZE DD T | 3 F AN =X LOFEMIE
REAZR RS, o TRt OBEHITR
7RIS IUTUNRY,

FZT, vV AR IR B RO R A
ETFNAELTHW, b B AT
FELTMmbIDE 5-THF U (AzaC) &
RIS R EE T 5T LT, MR e AE
DOEREHIINZF51T5 DNA AFALOEE
% . Bz OBAFE LT Percellome F1E% 1 H
L7 MBRR B F I BT O R EBL T
WRTL AF A EM LT DM E
DRI IS ~D B3 F A=A b
fREAT 22 L% HIELT,

(2) EBATTE—Ta@ROHEIRER

OO B DI OV T ORRHT

EFEMLELUTHBEN(CFEHEOPIZ
LIEVIZRZTONDR P AMEIL, &5
BEEERR CHALI R BETEEMEE
RET | EOBFDFAE RNARIEBETE
EVEOLDORLEN,

FEBAOPEIRERIL, A= —rENT-
Ffa 2 AR O R 7 &L COEF R
MFESEC, BRMEOHEBEREL 5T
TEHERELTWED, TOMIMBREEIZE
RIS BLEZTD, BRIFEHEOMBI T
BRWEESREOERMI TR S T
UIFLIEALINATE P AL, ZoXo57%E
FEOPAEIZ Lo TELBLDOBFEE THD
EBEZDLNTODON ALEMEER O AR
BOSTHED D, BAAGICEBRISHEEZ I
DL, PR LB AORIERBIL
TR AULENH LD BIEETIRE
RGeS A TU R,

AWFFETIL, BAIREEE DR AT
DHEFERBITFRBMRT TV, BE5ENn
A FE MBI ZBR B A BBER RAIH
HINDBEFHOREEIT), Tz, B
PZFE LW R E R BET
FHERLEFRIT DD, /= T—arD
FETOBLRFRAT D77 AN E L
A DIEENBER T a7 7 ANV ERIET
L, ZOTa Ty AN EREIZREPAITE 5
DEEL AN =X LERET D, ErlRR T
FFigEFARIREL . ENENIZDONWTERA
BREMBMRALTRE—aERERT
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phenobarbital (PB), kojic acid (KA)Z I\ 5,
LR AV R R BRIT FIELL T MBI
FRFE L7z T 7 4 G HR ] A OF R
OO TEER] RNA BB RITA FREE DA
ZH—VEEEERAN, v f/ad I g
BT AR EE (DDA AR E)
EIEMASRE 3T~ A7 T VA FRIT AT
Do

SR 1T R EEETIZ, PBICLBF RS AR
HLIEE COMBRLRFEE, KA O BE—13
N EBHARNRIE B AMEF AR 5729
2, Tee—aRR R RS 4 1B
FBERMICERELBTI2EEFHORES
< AR T UARIZEVTo 7, R 18 4R
IHEIZ, KA 12857 e—arofE R4
U7e FRIR O EREERE AR REL T, ~
AraF e raAEERFIRAL T, FFRUIC
FEREETOBEFHEREL, BB
THIEE OBRICES T 0B BT HORE
1077,

KA % Aspergillus .
Penicillium %D AL IV ERLS LAY
BT, BRTHED LA ECHEOREA
D AEFEIZ AW TE T, AW E L5 E
TER DO, A5 rFuyF—E0R) 7=
I A FE—VOMREEREZHL, A&
TERH=EDOEEREIEOM, ERAILL
THWONTERE, ZOWE L. FiRRIEE
RZERTH, EOERIZ FIRIRTHa—
RED A B LG BACOIHNIC AR Uiz IR
JRAVE DERIMENCZDZ ENHEE
TN B, Tz, RANTT v MRS L
B AMEZRL, Ty MR BB S A

Acetobactor .
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ETFTNMICBVWC A=V o—F—LLT
N-bis(2-hydroxypropylnitrosamine (DHPN)
EHRE LTt AAIOEGEREICIY., 4 8
B 25 BRI B e o0 3@ Tl <o i
JERFERIVIED, ZOERIITIMIE P D
VORI TEOR VB (TSH) L~UL s B
BRI BT ZEDNMEZL TS, L
2L, ZOERIBE TO S FHFITIZEA
EFRBAZFLTY VY,

B. #FEDKE
(OB FEVERERIC DL T e R T
7 il A B S O 1R B IR 2E 5L
WL SE

i U2 H& Jibd 8 A L2 (5 38 7 SR R 2N A
HEHY T —F =R 2DV T

KT —F N — 2% =X
(C57BL/6CrSIONR4E 10.5 A5 16.5 B
T BB IR AN A MERELZ 20 CERERL ., [E
SR - BRI T BT 4R S A5 B
FE LTz Percellome F{E4 18 A L7- MBS
EFREMBITIEIC L TT — 22 S L
ELILbDThHD, P T MIERE 3 o7
NVELLDNA = AoaT L AXT 74 AR A
ft GeneChip Mouse Genome430 2.0 (4
45000 7'm—7& k) 2z,

FE AR R D B 70 D10 R B M S s T R R
MR T —F_—2R

AT —Z =R, JRIRFE I R
FEHIA D S EEEDS BB T ZEH I E %
BT — R AU CRAERRORL S
I RO RO B R T RAABR
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