58 DHA in Medium-Term Multi-Organ Carcinogenesis Bioassay

week or administered in diet continuously in the other
chemopreventive studies, but injected three times a week in
this study, according to the climical trial study’.

In the multi-organ model (DMBDD mode])?0:?1,23:33
incidences of colon tumor development have been reported
to range from 10 to 80%, therefore the figure of 10%
achieved in the present study was relatively low. Thus, one
reason for the lack of obvious influence of DHA could have
been due to weak initiation.

Recently, different results regarding the
chemopreventive effect of DHA-E in diet using the same
model were published by an other group®. They showed an
inhibitory effect on carcinogenesis in the small intestine,
large intestine and Iung by DHA. They used synthetic diet
{modified AIN-93) as basal diet for the experiment, but we
used a conventional diet (Oriental MF), this may have been
the cause of the different results.

DHA has been reported as an useful chemopreventive
agent in many rodent studies' S, However, in a long-term
trial using concentrated DHA in fish oil capsules containing
about 30% DHA in triglyceride form, for patients in a high-
risk group for colorectal cancer, three patients with FAP
developed cancers, one endomeirial, one colon and one
Tung’. During the trial, no marked increase or decrease in the
number of polyps was observed.

In the present experiment, no promotion activity of
either DHA-E or DHA-TG was found in any organ including
the large intestine. The reason for the tumor development
seen in the clinical trial study with DHA-TG treaiment could
not therefore be clarified in the present study.
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Obesity and cancer

Hideki Ishikawa, Tomiyo Nakamura and Ikuko Takeyama
Department of Molecular-Targeting Cancer Prevention, and Department of Egiderniolegy for Community
Health and Medicine, Graduate School of Medical Science, Kyoto Prefectural University of Medicine

This paper reviews several aspects of the association between obesity and cancer, Current per-
spectives of cancers of the breast, endometrium, colon, gallbladder and kidney are described.
The evidence that obesity oncreases the risk of cancer of the endometrium is convincing.
Obesity also probably increases the risk of cancer of the breast in postmenopausal women and
cancer of the kidney. It possibly increases the risk of cancer of the colon. However, in Japanese, a
U-shaped association between BMI and cancer occurrence was observed, with men with a BMI
of 23.0-24.9 having the lowest risk of cancer occurrence. Therefore, it is important to guide
preferable body weight.

Key words

obesity, cancer, epidemiology
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Prevention of Carcinogenesls in Familial Tumors: Hideki Ishikawa (*'Dept. of Molecular-Targeting Cancer Praven-
tion, **Dept. of Epidemiology for Community Health and Medicine, Graduate School of Medical Science, Kyato
Prefectural University of Medicine)
Summary

This report reviews the state of the art of cancer prevention of familial colorectal cancer (familial adenomatous
polyposis, hereditary non-polyposis colorectal cancer). A large number of clinical trials have been performed
using sulindac, a non-steroidal anti-inflammatory drug (NSAID). Sulindac reduces the size and number of large
bowel polyps. However, as yet, it cannot be used for this indication in the ciinical setting, because of the frequent
ocourrence of serious gastrointestinal side effects, and there are a number of cases in which aggressive tumors
developed despite a reduction in the size of polyps, Studies on COX-2 selective inhibitors, with minimal side
effects on the digestive tract, are showing promising results. In addition to NSAIDs, clinical trials have been
performed using vitamins and dietary components. These show minimal side effects, but their efficacy is still
insufficient for clinical use, and further studies are anticipated. Key words: Cancer prevention, Colorectal cancer,
Familial cancer, Corresponding author: Dr, Hideki Ishikawa, Department of Molecular-Targeting Cancer Prevention,
Graduate School of Medical Science, Kyoto Prefectural University of Medicine, 3-1-2F Kyomachibori, Nishi-ku 2-
chome, Osaka 550-0003, Japan '

BE WEEII O RKREERE Th 3 KRS AIBIRIEEE & BEMIE R ) 5 — & AKISH (HNPCC) i 813 3 o—3Fh &
ZRFHEDWTERREBEAL, e TIEEAOBY iz, FEtAIBBILE O—RFH I 2 v T a4
BT, SR X AT (LETH) & X oS ENCThR T w3, RIEEAIBIITE D = YT T A IBE,
B, oSSR L 2 REREMNEETH D, HNPCC e 52— FE, ZRFHIIVEPHEILTES
T, 2R AFESLETSH S,

I. BO—RFEEEZRFHEE

TP EE, —RTFHEZRPH2H 2. [—KF
Bil bk, BERFHETAILTHD, AF - EDHEY
PEERLR YR L, [ZRFHILE, BHCEESR
RBU, B33k 0EEETFHITAILTHD,
EHRZRECERRREPH 2, O o22EsEh
T, BFAHERTbR L,

FRTY, BEEEEORBNERTH 2 REEXE
BABESE & EEETER Y R — ¥ AKEE (HNPCO) i1
BEEO—RKFH & RFHEOWTHRREREML, #8
TIEER~DRERHRANE (£, 2).

1. REHABREEOXIBEO—R TP

1. BERERIRICL 5T

KEBEO—RFHLELT, FHEFELE>TWLORT
BFRYARIBRHE TH 5V ABEEHThdABBRRE
Lindt, fBic TR SR X 3EFEO0HE (QOL) ol
THEEE 5, !

ABEORE L FL oha ik sl (B8X%7
mm Bl E) R -7 E2RNESEMCERT 5 2 L TABEE
ORENTFRHCELTEEL B EL N DD, ZOEHYE
EDOWTHWERTHTH S, :

R, B S Wi KB BIREZEC L,

¥ R EBAFEAFREFIER - SRR ETREs

B&%: T 550-0003 KRAFERKEUNE 2-3-1-2F = BUARIERALASESFER - A FRAHTHEES - ARPZES

=

0385-0684/05/ ¥ 500/37C/ICLS



974

BB REE

1 SERMEXBRIE (FAP) 0—XFH & ZXTFH

ZHRTH

KBS FRAHOAIRRMAT, PESINRY — 7 16 20 5 OEM R KIBNARSIEE

—RFE
I BE A2 JE
FREE, T —aOEEEIR
TR DTER{EE
(2 W m oo figR, 25T
+oii R ORI
Rk THE

FRAEA N HTEBEOEREET

2008 T B b DENI IR E R
20 Z B 6 OEME P EBCE RSN
fide, SRBEEERE

R E RiRE

= 2 HEEHIERY R AKEBM (HNPCC) O—RKFH L ZRKTH

e 2 T B T
K SRS 2Tk 20 A & 1~2 £E1Z 1 IO KB PRSI
FEHE, THa—AOETERE
SFE D AR {2
EE o] 30 EEATED & 1~2 £z 1 B HfEbErRRgE
FENEE  FEMTH 30 EEATaE & 1~2 iz 1 BloR AR, ik
CA 125 DIMEARE, BEUIRE
BE - REm 2E 30 BRI & 1~2 i 1 Mo, EEREg
MREETb =63 < IHIE
AN R {E R AR TE

AV — IR A i v SRR R BRI R T i PR SR
REBR Y — iR & D RBF OB 2EmHIC> 7 b
LY, FH B 2MANESNS LT
ha,

2. EEBMERICL DT

ARSI DR —F R T b R XY -7
DARESZENRHABND Z e 5, KEBEHEOMARE
L ETFERTD TR, ETAs, MELY
OEEEAHEELTwEEELbhE, LirL, RIE
HEABIREEE -3 0 2 BER L 32 L OBFRE OWT
BEFMRSEN IR TWER Y, LedsT, BRTE
SEH A IRIAIEE T b —R RN HR L LA KBTI O
2HOMBEYTRDTHRYET I LRRES, INET
WABEEFHT 2 e HHL TR EEEHRELT
i, EEERER, RERE1B80gMT, TAT—MiE
1HiEMR 14, TR 0.5 8% T HFEO 42 ER
BEY¥HL, KBEEELTWELEEKE, Z0kLD
RAELFENEHDERETHL I,

B33, FEEABREERRT S 25— MIFERE
PN IEHTIS I ¥ OEFHRETIRIMThh, FEEAR
BEEED D OXBRY —FERIE T 2 L EFREHEA
BBTRENDLZ MBS R B,

3. BICLARIETH

REEABERIEFOXRG TR, FERELFLLNS
KIEIEHSLWEET 5. < OXREBRIE®BEEOPRMT

TS L LIRSS B STV Y, AT
o4 FREEES (NSAIDs) D—2THBA ¥ F A
v (indomethacin) 2MbEFRFC L 27 v FABEBORE
& TR 5 2 k& 1980 i Kudo 59405 Rz R v
PLTH®E Sy rRpesrAEAnizERTEEOD
NSAIDs W RBRER FH T2 e0EREINT
Wwa, i, LhZBWTLT7AYY YOEREESER
KEBHEOBESS T &8, EFFERRIP ok~
MR TIRE ST, NSAIDsDR»THRA Y >
FrRr7uRsy X THY, TOMD NSAIDs i T
WM LEA~DEESEIP R I Ehs, RV VI TE
HAwibZFHRRBS {{TbhbhTw3, 1983E
Waddell &9BFERABIREBERE 4l T, A
Yy ¥y ERELEBORY —THIEEAYHEE LS
L RHE L OSBETD D, 0% SWMOEKER
HTbh, FOTRTOPFETAY ¥ 7 RREEXE
BEEEOR Y —72Bigs 3 C LgEa Nz, TO
BEELT, AY VY7 3RKBRECHEMESET S
#, TRP—VARTESTEIEBFL SN, T
NETORETHAY 7 ORBHE T 5l
E%?ﬁb—yxmﬁiaﬁﬂtowfﬁﬁm4ﬁbr
L,

AV > 72 NSAIDs OBtSEIC & 0, H{bE O Hilne
BB, @7L% COBEBZEWERSIREE N Tu S, 33K,
NSAIDs g v PoEBH T 2EA LD




Bk BTE 2005FETH

FLTRwShE0THY, REMERTZ0TH
iz, RERORECEEENLETSH S,

Ex OB TIIFHE L T v iy cyclooxygenase-
2 (COX-2) B AMBHHEMTRIEE L Tnwd Z E, EED
MBI i COX-2 BBHEL T 53 COX-2DH
FIE LR 5 ITELEEE~OBZERBLEF L oN
2 Z L, celecoxib % rofecoxib % ¥ @ COX-2 iR
FIRRERIC & 2 BEERRR OBThR TS5, ThETD
G T SRR I IRERE 1= COX-2 SBIRFIIHER 2%
2423 b RERY—7RENT L, BHLEDICHWS
BEORTRENNGERSEL, RECBRELRVER
EnnEdThHD, 25, COX-2BRMBEHOR
BT X 0 DRI 3 2 L biEME h, BIFF
AT COX-2 BIRMEEMOERAZH»E IR TE
pr A '

BB, AV VI 7ERELTRI-7IGEE LR
Larb s, EFEARELL LOEFREIRRS
ha, 37, BEEORBREEZBCBVWTY, AV
F7OREFCEBESREELIEbEESATY
%,

AV 7T, NSAIDs E LTA R Ay
OBFRFORE W & BHERERTORL TS, A >
K23y e RERY —7REDT 525, HLERE
BEw L 2BMOBELH Y, RBMOMEL &5
BREERSWEE LS, HERDO—>T5H 5 b-fluero-
uracil DEFOBRETHREBERY —7OFLHTFES 1
Tw3y, ThLiEHEROMERREwEEbR S,
NSAIDs A CREF S C, E9 SV E, ANy T A,
AELTE, Fad~Fv v, BhEghy, ©
FEvHRAREsERWLEERD L, Choid
NSAIDs Izt TEIfEA R A0, FRIZDWTHEA
N F 7 EPENEMNED LR TS bDIREY, b
bniEEEHEYE2mEe L 2EERABR (J-FAPP
Study) B FEHEHTH D, 2005 FEIT 137 OZIRHEE 5>
WRHBTFETH S,

BRI EIICRAL T YRETHRENLFETHAS
BAFE & h, SRERMEAIRIRIGE BE O AR O R
FELEEILR, FHEEETESIICRLIEN
HiEshs,

HI. FIRERIBRRERED K TFE

1. KigEioxtd 2 =RTF

RIS EIEE OB Dz & KBREAT R RS
THH, NBBREDCHORE, K&VCEREOENA
Bz T, HERATA & ZERIE E PSESIANCERL 28
SIELEBREE ~8»HK 1 02 RBARSR

975

#H) RETOHELDH5,

Lal, MELEBBES LT bEMEIEEL
TedRELDH B 2k, FTCRE WIREE NESRYICHRE
TEZrEYD, FNEEETE ZLENMEDOVRTOH
EREFEchTwiznik kb, KEBURrz2{Tb?
IEREMET AR, TOEERE W T ToRER
BELEAOBRMSUETH B, 2, WK SDSR
FHCAEOS W AKIBFRSRERZEFCT I ), B
i EBEERT 3 i, EBEEU TRl < EER
DAY VEI—RYEEDESNLERHEOY AT
AERBILIENEETHS,

HE 2B T EEeMalBERYy & (ileorectal anas-
tomosis: IRA) Tid, EEREOEE2EICERT 2D
6 s 1ED LICKIBPIRSHRA TN, AR
BEEFONIERBESN MR T 5, AIE2MERILrIY
&% (ileoanal anastomosis: IAA) ®AIBLREEELFT
L& (ileoanalcanal anastomosis: IACA) TH LM
ChTr i EBRESEBETEL, T2 o REEIRET
AHEEELH D, WERINERT 5 JLEBTER
MHFEETD oL bH 270, BARBRTHHES LD
HLFS & OEHEHRE 2Td T T E L,

2. BE, +HEEBRCETAZRTFH

WEET 295 DEHN L HEH L& NHESRE T
Da

BRI b OTEEEDS D 5720, HERIR S REE
RAESNERSLETH S, BESEETRIE BY
D BHE L FHROBREITS,

HEERRTA & 2+ IR RRARIE 1 IR SRR 21T D %
B CiRIDSE {, BEE LTI, RETSEER
I EHEW, BETCTHIEEBRUREL, REXERT
AELH 5, LETRERROBR IR, BERECL
HAMRHEORECERSHETH S,

IV, EEEEER ) — 2 KB (HNPCC) 2T 2
—RFBA

HNPCC Tk, ¥MEFEEOXBEFHFRTHLh T
B, Lirl, KBEZEDLHCEET I RBE R
¥ Bk, RESKBEIRLL DHETFEERER
TrZrEMHEhTw S,

EEBHEOETZOWTH, HNPCC ity 21888
ZIEFEIIRELL Tty FEREABREEREE —
R ADORMTIRRE, FEREEY, AREYR2{T-
T3, FERBEZCHELTE, —BRADTF—» o8
WTVAIHBERTEZ BN TWEOT, BT
BRIk b Lz,

HNPCCHBEDEZR LY I VAR AER,



976

HNPCC ¥ 3 RETIFEOHRENEE NS,

V. SEEEER ) R—2 X ABE (ANPCC) IZXT 3
—RFBH

FRETLLEHRE S 0S5 A RB W, ICG-
HNPCC DA FF A 0T ARBM L T 20~25
w5 2 i 1 [HOXIBRNRENRTE, TR L
T 30~353H 6 1~2 £ r DIRAERE, REET
iR, M~ —4—TH 5 CA 125 omtkiE, i
LT 30~35 s 1~2 7 L OBHRFERE, R
FBIH L T 30~35 B o 1~2 £k OREEE R
L FRRER D T3,

2 T L OKRBPERSHRTT I THET L e KB R R
shiflabb, BEEOXKERRFENELBD sMRE
bz, BEEOKBARSEMRERIEZFCSARERR
0, EREoRBESSEEC R L b5,

oz pMmFc X D EESHREREERWET L,
BT OREBEERRET I e R ENEEN 5,

X O ®m
1) BARETRES - HEERY AR | ERE(2000

et RLH

HYFIE) : 35, 2000,

2) Ishikawa H:Chemoprevention of carcinogenesis in
familial tumors, fnt J Clin Oncol 9:299-303, 2004.

3) Kudo T, Narisawa T and Abo S: Antitumor activity
of indomethacin on ethylazoxymethanol-induced
large bowel tumors in rats. Gann  71: 260~264, 1980.

4) Suh O, Mettlin C and Petrelli NJ: Aspirin use, cancer,
and polyps of the large bowel. Cancer 72:1171-1177,
1993.

5) Giovannucci E, Rimm EB, Stampfer MJ, e¢f el: Aspirin
use and the risk for colorectal cancer and adenoma in
male health professionals. Ann Infern Med 121: 241-
246, 1994,

6) Waddell WR and Loughry RW: Sulindac for polyposis
of the colon. J Swrg Oncol 24:83-87, 1983.

7) Steinhach G, Lynch PM, Phillips RKS, ef al: The
effect of celecoxib, a cyclooxygenase-2 inhibitor, in
familial adenomatous polyposis. N Engl J Med 342:
1946-1952, 2000.

8) Sugihara K, Higuchi T, Toyooka M, ef al: A random-
ized double blind, placebo-controlled study of selec-
tive cyclooxygenase-2 inhibitor on rectal polyp in
familial adenomatous coli. Cancer Sci  95: 58, 2003.

9) Hallak A, Alon-Baren L, Shamir R, e¢f al: Rofecoxib
reduces polyp recurrence in familial polyposis. Dig
Dis Sci 48: 1958-2002, 2003.

10} URL (http://www.insight-group.org/)




T IRPNERBE & S8 - TRIB

Irhitawa, Hideli

BRiEE, Kiad'A, EHNATFE

T A ST STUT MO ¢ XL A T TN ST S5 L L T . ALY

MT:U&WZ

KB EHOBAMEPFEET 100, KB
PADOTRECIEPHIE R ERCHES LT3 L#
26N Te 5%, TORMEL SV TORMERME
BB LD,

FOEMBE LT, BEICX 5GP R
HEPIRIML T ol ic it L e { Ttk o
T, FRUC IR FED D B f o AOREL
Ipmsr— MIFEEHTEER L, RIBHVAITFET
3 & @i ECIBPERE ISR T 5 WHEtED D
Bz, BRMESOEIFRELZOPERLEO
b, BAVEMLLLEYNH B,

Lo L, mETHIMERLZE bE&D, KB
ALIBRAEEOBRECCOPREENE LS
Lo Tal, TITR, BECOUFEE L iz,
IRE TGS RLKIBYA LISPTHE O
DCTORRFEAT S,

ERRENSEZOND
BAREOFRET TSR
e e C L b, REELENER
FHERE L2 I LPERESINT V5, Hosoda
L, MEBRASMYE 6 AR P 7T BB
L4 aZ bizd b, EEFOILBIEEIEMNL,
FREARPRS T LERELT V3,
T A1 BPARBRTIE, FUBEPE7 4
AAWOEBERL £ 6 2 Av I RELPES

300 | EFuEEE Wl 107 No. 3 2005 5

alliFEE PHEY MUEF

Nakamura, Tomiyo

FMAFALEFAS
HFRATETHES

Takeyama, Lhuko

TAEIELY, KIBEFAFIHT S 2 LT
S2ETAREMNRE(HBAINT L BY,
Morimoto 6" i3, AEEFREAR LTS
PAEELTIEEREC L b ILBEREOSES
BEt L, FLEREAREYY NK sl ikt F R b
DI LERLTV S, BMFEERC - T b FURRE
DS Y, EHEEEERELOFA LA
YEECHUERL EREIN TV B,
INLOEMID G, BRMEOERT L 2T
ATHEFEELT, ~Toedfz) o7 Ik
FOERBEUEPBERNTERCEAT I L
L DEREEEFETT A2 b, Rikiitytaine
THZE, LEVELOhL, EhRLMcE, B
RO ZE(L, IBE R OEEE L ¥ IEHIRIEED
B & AW oH ORESCEHR AKROEE LR
- & AHE, KigREHEIEO DNA Aol
LEDBBELMIEATL 5,

S ERERBETAICOVLTO
T BRENESTWE

Z7AYIYERTA R N UEEBEZS
b LTHEBPAYLL DI, FEHea—2w
P PP A EBRLT-2Z b ERO— LS
T 39,

KREC TERES W EFIFEFE ST, =
— 7N PO REBHAPREBYATTHTACL
PRENTWE, FF7F w5 2R— MR
T, FEZER L LD0, REFLOTEAGLE
By AQREMEAMLT -2 EaREanT
WA L L, RETEBRS L2k MFAET
i, BV ARE IS L A FEER
BHLHRT R LY,

Ok 5, MEREEIFE T, BEALXK




BT A b e RALEERRE,

1
T 8)

BHTAOREGEIL D TOHERESHETRI LT
e,

Yl ARBRTRS NI

o IEEHAONR

BAHEE YT LA LI L W RBYALT
191 VER
24T 5, Roncucei 53, 7Y e—2A
(lactulose) # ¥k 51 5 BERB ¥ 1T, AEZER
Reboo, BEOREZ LT P IRT 5 @R
PHEL TS,

—7%, IBEEMPRST sBREBRE IR
THEIRT o, EHLIE, EESEY
B ATIRRET 10 A EMRBREORR L LG #HFT
U o TR A OB < s KB AFEDT
ATEERED #EE L e T, 2 OREEREMST

-

HEEi, 1993 E6APG 1997THF A LT, KX
RAFITRAR £ v # —EbE R CEE L. B
SIS 0 ANThE, OO ba—
M, KIERFIREAR L X —DRBERS T
RBEBTVE, TATOENE»LEEIZ LS
A 74— VN2 EHTS,

Hngfit WD 6 65 OB T, 2{MELL
ORISR (MR 2 RBWHA) b b, PF
O3 A HLRIE, Fhb PSRN
FEELICETHE, REFOVPAFL-TV 5,
KB 12 H OUBREEY, FEEXBHRERES

KA AT A TR AV AR (X) ¥ L.AEA 07 H0EF

i R LI

LoOBEHREL . AR ETIES L AESL
TiVAry L OIER, B ETIEE e
WHOEWR, CHHABRELNELTIYAS
v b EALESENA RN, DRIEATIREDAT
bHa,

AN O T, TEIFEREOMIE/LT H 5.,
BIERZ ALY —D3 b, Bioh® sH&%
18~22 %z ke A X S iR LI, WIBOMO 3 B
BT, ATAEAMCEBEHFELIRASE,
A1 2 QT b L RIEIUE b RETHTIRE
PRABLL. 3AHABALAFEBCLRFRELIT
v, TREEHR B BB L1,

IELTIECAr v VRAELT L2 0%E
FTavary b Tha, Sh@icl, BEWC
1HE25g D IAELTECAS v | (DESLT
LTS5 R L iR L), FLERTER
B, s HERE (52 b5 Fra X4
nZH) FlgEi bH10ERRTH L E
1), @M THEREL, BR#%C1gT21H3g
RES e, AFEST AT v b PFLEEERA
o4 IR L TR s ¢,

TORBDELY AL 2 b ik, KIBEEOD
ROBMTH A, KBAMNESHEL 248 L 44
BusEinl, IIM» o ElEd CoRBafe s
Lz, PRRSER, BA G IBERERY —7L
T 5 2 b QRS ORERT TR L, A
SRR R T2, =2 b Y —HAOKIGPIHE S

BEEAE Vol 107 No. 3 2005 9 301



15

g%

2 )

o ! T

18

;'(j

% o5

B

L =

HEmus 258 428
JHEm FLESE AR I

AP OBER SRR

PRI A
FEEER

2£H

4%Q8
LR SR

2 DRESEAE (ST B AESEEN O TR

FIZTORLLEEFRIBRIEPATH > B
i, BBEine FEHIZ, RAHEREOHEREOD
DRBHESIRE 2T -7, 2OLECEESHh
e RIBEEL T Tk L.

ZHRIER I SMEHCAT LI BEI 468 A
Ll co2RCRBSRERESULLE
5, BBA2%) ¥EmFEELE., SR
LRAIOAR 2 AVFBORELTY v b 2—w
LEEETBRA Lo, EY 398 AsT4 B
b ol i, . KBIEEK, AFAE
RETSTORBTLIRMCETFRED oo 12,

24H, 4FEHOMF IR ESL O »OXEBEA
HEREEZ T Lo BRI A (5%) ThH-
7o, MEERER R - 28EARE, B 6
WA, M) 2A, BEELFRR (BiEdRIkskic

& BTEEEA, { ST R, FEEYESR, LIRS,
BHA) SN, EEI1A, EBEMRETCORSE
PHRE2AN, BBPLEEREBATH- . B
L7z 18 ARMAh L7z 380 ARIRITHAR L L1,

4 FHOKBABRERETE, PESTLPE
WLTwaH (ABLCE) &, EFRLTWZG-
FHCHLUT, Smm B b 10mm Bl -OIREOR
HERERIR L1,

LT INEI OB T, TR T 2 3B
BEBELCH O2FH0MHAY 227 (RR) ik
0.76(95 %SWUXM 0.50-1.15), 44EHO Z it
0.85 (95 %ISWHEM 0.56-1.27) Th b, HRE
Bivboo, 248, 448, LbiHEMY =

302 | BEESME VoL 107 Na 3 2005 9

3 AAOEGCIEEICH T SIREMEOTHNR

LT s EmE R (F2), fEEL LD
RUOMGIEEVRE LIBAN, JEmEC
TATEEBED 2L B OB Y R 213 0.80(95 %4E
XM 0.52-1.22), 4 FEHD 2 0id 0.65(95 %45
XM 0.43-0.98) b, 4B THELHS 2B
72 (E3). ThbbFBEEAFERLT-2H
i, EERLTCLE-FHIZHBLT, RPAVRZO
v PEEREUL FEORBEOREELHH I i
o, FLEFHRBORAIKEF AL THTS 57
REMED &G EE L LR,

AR P A RKEPATH 2R+ 56
KRR, FHELOMEF R EDTORETH 3
2, &%, SMET b RROBERERE T, B
UMREPHAI LHMRETAI L, 360, 2
WA 2R L T 2 e H 2 ERARER L KB
PAORENIRLT A LPIERET AL EW
BETHE, L L, FLEEKR-eFLEREEANL,
B TELTEM Iz, RKIEREPLKIEIA
DHAEBEPTERIIKEYAREF ZEL F KB
WASERERTIE, BEEAT b ALEREIN # R
ALTiwEFEL S,

37

1) iREFRASE : 8RR In: KIBEEES  ETHELMRED
FiER. CMC, 2005, p.311-320.
2) Hosodz, M. et al. : Effect of administration of milk fermented




I BBPUREE E RN - BB

with Lactobacillus acidophilus LA~ 2 on fecal mutagenicity 7} Young, T.B, et al.: Case-control study of proximal and distal
and microflora in the human intestine. J. Dairy Sci., 79: 745 colon cancer and diet in Wisconsin. int. J. Cancer, 42 ; 167~
-743, 1996. 175, 1958,

3) Goldin, B.R, et al. ; Effect of Lactohacillus acidophilus dietary 8) Kampman, E. et al.: Fermented dairy products, calcivm, and
supplements on |, 2 —dimethylhydrazine difiydrochioride-in- colorectal cancer in The Netherlands Cohort Study. Cancer
duced intestinal cancer in rats, L Nal. Capcer nst., 64 : 263 Res., 54:3185~3)180, 1994,

: -265, 1980, 9)  Kampman, £, et al. : Calcium, vitamin D, dairy foods, and the
* 4) Morimoto, K. et al. : Modulation of natural killer cell activity oceurrence of coforectal adenomas among men and women in
! by supplementation of fermented milk containing Lactobacil- two prospective studies. Am. J. Epidemiol., 139 : 16-29, 1934,
| lus casei in habitual smokers. Prev. Med., 40 : 589~584, 2005. 10} Rontucci, L. et al. Antioxidant vitamins or lactulose for the
‘ 5) McKeown-Eyssen, G.E., et al.: Dietary factors in colon can- prevention of the recurrence of colorectal adenomas. fis.
cer :international relationships. Nutr. Cancer, 6:180-179, Colon. Rectum., 36 : 227-234, 1993.
1584, il) Ishikawa, H. et al.:Randomized trial of dietary fiber and

6} Peters, R, et gl.:Diet and colan cancer in Los Angeles Lactobacillus casei administration for prevention of color

County, California. Cancer Causes Controf,, 3:457-473, ectal tumors. /at, A Cancer, 118 :762-767, 2005.
1992.

BRZmRICED -r‘f
; _*45535?5&3‘3-— I

3

(T3 6% MRmAmSnE]
fﬁ'ﬂ : ﬁﬁﬁm ?é”‘ﬂ‘f

BHRASE & BRART &
BBSEEY - 132H 23,465 (143,300 #5%)

TOﬁﬁiﬁiﬁmfﬁﬂ%—Abﬁmjﬂo < :h% :
@ 1200, 1400, 11600, '!800kcal®:l:7~)b#-—l‘_}ﬁ.‘\_

9TahA% MEICT RV, 7

TEL 03- 5395-7610

% gmﬁ&ﬁﬁﬁy‘k_ﬁﬁﬁ/@m?’ -8612 %R%BEREZF?J -1 10/;:/;)(_ 03-5395-7611

2005AEB PR IS

AERRETE Yol 107 Na § 2005 9 | 303




Influence of the C161T but not Pro12Ala
polymorphism in the peroxisome proliferator-
activated receptor-gamma on colorectal cancer in

an Indian population

Jing Jiang,” Vendhan Gajalakshmi,? Jingweng Wang," Kiyvonori Kuriki,’? Sadao Suzuki,' Seiichi Nakamura,?
Susumu Akasaka,® Hideki Ishikawa® and Shinkan Tockudome

'Department of Health Promotion and Preventive Medicine, Nagoya City University Graduate School of Medical Sciences,
Mizuho-ku, Nagoya 467-8601, Japan; *Epidemiclogical Research Center, Chennai, Indfa; 3Aichi Cancer Center Research Institute,
Division of Cancer Epidemiclogy and Prevention, Nagoya; *Health Research Foundation, 103-5 Tanaka-Monzen-cho, Sakyo-ku,
Kyoto 606-8225; SOsaka Prefectural Institute of Public Health, 2-69, Nakamichi 1-chome, Higashinari-ku, Osaka 537-86025; and
fHyogo College of Medicine, 1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan

(Received February 17, 2005/Revised April 1, 2005/2nd Revised May 6, 2005/Accepted May 11, 2005/0nline publication August 15, 2005)

The aim of the present study was to investigate associations
between Pro12Ala and C161T polymorphisms in the peroxisome
proliferator-activated receptor-gamma (PPAR-y) gene and colorectal
cancer {CRC) risk. We recruited 301 newly diagnosed CRC patients
and 291 healthy control subjects at the Madras Cancer Institute
in Chennai, India, from 1999 to 2001. Genotypes of the Pro12Ala
and C161T polymorphisms were determined using the PCR-RFLP
method. After adjustment for age, sex, smoking habit, family
history and family income, an increased risk of CRC was observed
for the C/T + T/T genotype compared to the C/C genotype of the
C161T polymorphism {odds ratio = 1.61, 95% confidence interval:
1.10-2.36), whereas no significant association was found for
Pro12Ala (odds ratio = 1.06, 95% confidence interval: 0.70-1.61).
Analysis with estimated haplotypes showed a significant difference
in haplotype frequencies between cases and controls (¢ = 11.62,
P =10.009, d.f. = 3). The relationship between the two polymor-
phisms and CRC risk was not significantly modified by dietary
intake of fish. Although the biological mechanisms of the observed
association remain to be elucidated, our findings suggest that
the C1617 pelymorphism of the PPAR-y gene is related to risk of
CRC. Further research is needed to investigate functional implica-
tions of polymorphisms of the PPAR-y gene In CRC development,
{Cancer Sci 2005; 96: 507 -512}

The peroxisome proliferator-activated receptor-gamma
{PPAR-y), a member of the nuclear hormone receptor super
family, plays an important role in differentiation of adipocytes,
lipid metabolism, insulin sensitivity, atherogenesis and immune
regulation.!"* Recently, PPAR-Y has been implicated in the
pathogenesis of colorectal cancer (CRC) in animal models
and clinical studies. Colon cancer cells have been shown to
express PPAR-y at high levels, and somatic loss-of-function
mutations have been identified.®# In vitro studies have shown
that ligand activation of PPAR~y could inhibit the nuclear factor
kappa B (NF-xB) and signal transducer and activator of
transcription 3 (STAT3} inflammation pathways and cell growth,
induce apoptosis and promote differentiation in colon, breast

© Japanese Cancer Association doi: 10.1111/].1349-7006.2005.00072.x

* and prostate cell lines.”*® Furthermore, a PPAR-y ligand was

found to inhibit umor growth in a xenograft model of colon
cancer, and decrease premalignant intestinal lesions in mice
treated with the chemical carcinogen azoxymethane.!'"'® In
addition, increased susceptibility of PPAR-y heterozygote
knockout mice to colorectal carcinogenesis has been reported. ¥
These observations raise the exciting hypothesis that PPAR~y
is a tumor suppressor gene in colorectal carcinogenesis. However,
one study failed to find any PPAR~y mutations in colon cancer
samples, and another showed that administration of PPAR-y
ligands to Min mice resulted in development of more advanced
colon cancers, 1415

The human PPAR-y gene exists in three isoforms due to
alternative promoters and differential splicing. PPAR-yl and
PPAR-Y3 proteins are almost identical and are encoded by
exons 1-6, whereas PPAR~Y2 has 28 additional amino acids
at its N-terminus, encoded by the PPAR-y2-specific exon B.
The PPAR-y1 and PPAR-Y3 isoforms are expressed in large
intestinal, kidney and adipose tissues, while PPAR-Y2 exists
exclusively in adipose tissue."'" Common structural poly-
morphisms that have been detected in the PPAR-y gene include
a proline to alanine substitution (34C > G), located at codon
12 (Prol2Ala) of PPAR-y2-specific exon B,!"™ which reduces
the promoter affinity by approximately 50%, and both ligand-
independent and ligand-dependent PPAR-y transactivation.*
Another common polymorphism in exon 6 at nucleotide 161
results in a silent substitution from C to T (C161T).™»

Recently, Landi er al. showed the Prol2Ala polymorphism
to be related to a reduced CRC risk in a Spanish population.!'®
Gong et al. also reported a decreased risk of colorectal adenomas
associated with the 12Ala allele in PPAR-y, with marginal
significance.”® Siezen er af. demonstrated a protective effect of
the C/T genotype of the C161T polymorphism with reference to
colorectal adenomas.®" On the one hand, recent studies found
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no association between the Pro12Ala polymorphism and the risk
of colorectal adenomas, prostate cancers or breast cancers, and
there is some evidence that the C161T polymorphism may in
fact be related to an increased risk of endometrial and prostate
cancers, as well as glioblastoma multiforme.®"-*? Thus, the two
common polymorphisms in the PPAR-y gene may play a role
in the etiology of cancer, but the results have been equivocal.

We therefore conducted the present study in an Indian
population. Moreover, previous studies have shown that n-3
polyunsaturated fatty acids from fish may induce apoptosis in
colon cells, and PPAR-y mRNA expression levels were found
to be elevated in fish oil-fed animals.”*” However, it has
remained unclear whether fish consumption mediates effects
on CRC development through interactions with PPAR-y, We
also investigated potential interactions between the two poly-
morphisms of the PPAR-y gene and fish consumption with
regard to CRC risk.

Methods

Subject selection and data collection

The case-control study was conducted with 301 colorectal
cancer patients and 291 controls. All subjects were residents
of Chennai and the surrounding area in south-eastern India.
Cases were recruited between 1999 and 2001 at the Madras
Cancer Institute in Chennai, India, with all patients with a first
diagnosis of histologically confirmed colorectal cancer being
enrolled. Control subjects were cancer-free individuals, selected
among visitors who were attending with patients admitted for
having cancers other than CRC during the time period of case
collection. They were frequency maiched to case patients by sex
and age (within 5 years). Informed consent was obtained from
all study subjects. Trained interviewers collected information
on the sociceconomic status, medical histories, alcohol drinking
habit, and smoking and tobacco-chewing habits using a standard
questionnaire. A 114 food and beverage item food-frequency
questionnaire (FFQ) specific to this population was used to
measure long-term intake of foods and food groups. Inter-
viewers asked the subjects about the average frequency of
consumption of food items per week over the past 1-year period
(for cancer cases, this was 1 year before the diagnosis of CRC).
Foods and food groups were categorized as follows: cereals and
breads (n= 11 food items), beans {n = 6), vegetables (n =22),
meats (n =4, including mutton, beef, pork and chicken), fish
{n=71, including river fish, sea fish and shellfish), fruit
(r = 13), dairy products and eggs (n = 10), beverages (n=6),
snacks and desserts (n=18), spices (n=7) and oil (n=10).
After the interview, 7 mL blood from each fasting subject was
collected and stored at ~80°C. The internal review board of
the Madras Cancer Institute in Chennai approved the study.

Genotyping

DNA samples of subjects were extracted from peripheral blood
leukocytes. To assess PPAR-Y genotypes, we used polymerase
chain reaction to amplify the regions of the PPAR-Y gene that
contain the Prol2Ala substitution and the C161T transition.!%
A 270-bp fragment including Prol2Ala was amplified using
forward primers (5-GCCAATTCAAGCCCAGTC-3'} and
reverse primers (5-GATATGTTTGCAGACAGTGTATCAGT-
GAAGGAATCGCTTTCCG-3%), the Prol2Ala change creating
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a restriction site for the BstU-I enzyme. The expected products
after digestion with BstU-I were 270 bp for Pro/Pro, 227 and
43 bp for Ala/Ala, and 270, 227 and 43 bp for Pro/Ala. A
200-bp fragment of CI61T was amplified using forward
and reverse primers (5'-CAAGACAACCTGCTACAAGC-3
and 5-TCCTTGTAGATCTCCTGCAG-3, respectively), then
digested with the PmiJ restriction endonuclease. This resulted in
two fragments (120 bp and 80 bp) for the wild type and
one fragment (200 bp) when the restriction site was eliminated
by the C161T transition. For quality control purposes, negative
and positive controls were processed with each batch of
samples. In addition, 10% of the subjects had their samples
rerun to ensure agreement with the initial results.

Statistical analysis

We investigated the relationship between PPAR-Y genotypes
and risk of CRC with the STATA statistical package (version
8.0; Stata Corporation, College Station, TX, USA). Differences
of characteristics between cases and controls were assessed
using the y2-test, as well as disparities of genotype and allele
frequencies between the two groups. The Hardy-Weinberg
equilibrium was checked using the y*-test. Unconditional
logistic regression analysis was employed to estimate the
odds ratios (OR) and confidence intervals (95% CI) for the
association between genotypes and risk of CRC. Adjustments
were made for matching variables (age, sex) and for possible
confounders. Covariates were identified as potential confounders
by examining their distribution by case-control status. As body
mass index (BMI) in some cases were affected by the cancer,
BMI was excluded from covariates to avoid information bias.
The covariates were included in the model if they changed the
OR by more than 20% or significantly changed the likelihood
ratio statistic (P < 0.05) on univariate analysis. For al] associations
of genotypes with CRC, those subjects who were homozygous
for the wild-type allele served as a reference. To increase statistical
power, rare homozygotes were combined with heterozygotes
assurning a dominant effect as their risk estimates were similar.
To estimate linkage disequilibrivmn between PPAR-Y variants,
pairwise linkage disequilibrium coefficients (D) were calculated
with the LINKAGE program.®® The ‘hapipf” command
within STATA, which uses the expectation-maximization
algorithm to resolve phase combined with a log-linear medel,
was used to estimate haplotype frequencies.® The y>-test
was used to compare the distribution of haplotypes between
cases and controls, The likelihood ratio test was used to
examine the interaction among variables with respect to the
risk of CRC. All statistical tests were two-sided and differences
were considered to be statistically significant at P < 0.03.

Results

Demographic and lifestyle characteristics for the 301 colorectal
cancer and 291 control subjects are shown in Table 1. In
general, the CRC cases had a smaller BMI, a lower family
income, and a higher prevalence of family history of CRC,
and smoked more tobacco than the controls. In our population,
after adjustment for sex, age, smoking habit, family history
and family income, consumption of vegetables and fruit
yielded a significant reduction of CRC risk (P, = 0.001 for
vegetable intake, and P, = 0.01 for fruit intake). Fish intake
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Table 1. Characteristics of the colorectal cancer (CRC) patients and
control subjects

Cases (%) Controls (%)

t
(n = 301) (n =291) P
Male 196 {65.1) 183 (62.9) NS
Age {years)
20-44 107 (35.6) 111 {38.1) NS
45-59 109 {36.2) 121 {41.6)
60-75 85 (28.2) 59 {20.3)
BMI (kg/m?}
< 20.0 153 (50.8) 109 (37.5) < 0.01
20.0-24.9 110 (36.6) 111 (38.1)
z>25.0 38 (12.6) 71 (24.4)
Education (years)
<5 104 (34.5) 88 {30.2) NS
5-11 155 (51.5) 163 {56.0)
> 11 42 {14.0) 40 (13.8)
Religion
Hindu 265 (88.0) 256 (88.0) NS
Muslim 23 (7.7 27 (9.3)
Christian 13 (4.3} 8(2.7)
Family income {rupees/week)
< 500 143 (47.5) 97 {33.3) < 0.05
501-1300 69 (22.9) 101 {34.7)
> 1300 89 (29.6) 93 (32.0)
Smoking habit (pack-years)
0 240 (79.7) 227 {78.0) < 0,01
<10 41 {13.6} 58 {19.9)
> 10 20 (6.7) 6{2.1)
Prinking habit 56 {18.6} 56 {19.2) NS
Tobacco chewing habit 39 {12.0} 28 {9.6) NS
Family history of CRC 4{1.3) 0 < 0.05
Vegetable intake (servings/day}
<2 117 {38.9) 65 (22.3) < 0.0t
2-3 108 (36.2) 111 (38.2)
>3 75 (24.9) 115 (39.5)
Fruit intake {servings/week}
<4 132 (43.8) 102 (35.1) < 0.05
4-8 126 (41.9) 129 (44.3)
>8 43 {14.3) 60 (20.6)
Meat intake (servings/iweek)
<2 236 (78.4) 237 (81.4) NS
=2 65 (21.6) 54 (18.6)
Fish intake (servingsiweek)
<2 251 (83.4) 219 (75.3) <0.05
=2 50 (16.6) 72 (24.7)

*Exarnined using the y*-test. BMI, body mass index; NS, not significant.

was related to a decreased risk of 0.83 (95% CI: 0.42-0.95),
when comparing subjects who consumed two servings per week
with those consuming less than two servings per week. In
contrast, high meat intake (two servings per week) relative to
Iow meat intake (less than two servings per week) conferred
an increased risk (OR = 1.45, 95% CI: 0.92-2.35).

The genotype frequencies and association between the two
polymorphisms and risk of CRC are shown in Table 2. The
distribution of the observed genotypes did not deviate from
the Hardy—Weinberg equilibrium for either the Prol2Ala
(P =0.77 in cases, and P = 0.83 in controls) or C161T (P =
0.33 in cases, and P =0.71 in controls) polymorphisms. For
the Prol2Ala polymorphism, the Pro/Pro, ProfAla and Ala/
Ala genotype frequencies were 79.7%, 18.9%, and 1.3%,
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respectively, in the cancer cases compared with 79.0%, 19.6%,
and 1.4%, respectively, for the controls. For the C161T poly-
morphism, the C/C, C/T and T/T genotype frequencies were
69.8%, 26.6% and 3.6%, respectively, in the cancer cases
compared with 76.0%, 22.7% and 1.3%, respectively, for the
controls. No significant differences in the genotype distribu-
tion of the Prol2Ala and CI161T polymorphisms were observed
between the cases and controls (P = (.98 and P = 0.09). The
T allele frequency for the CI61T polymorphism was greater
among cancer patients than controls (0.169 vs 0.127, P =0.04),
but no difference in the Ala allele frequency with the Prol2Ala
polymorphism was found (0.108 vs 0.112).

After adjustment for sex, age, smoking habit, family history
and family income, the OR was 1.52 (95% CI: 1.02-2.25) for
the C/T genotype, and 2.71 (95% CI: 0.82—8.99) for the T/T
genotype compared to the C/C genotype with the C161T pol-
ymorphism. When the C/T genotype and T/T genotypes were
grouped, the OR was 1.61 (95% CI: 1.10-2.36). This associ-
ation was essentially the same when colon and rectal cancers
were analyzed separately. Compared to the Pro/Pro genotype,
the OR was 1.07 (95% CI: 0.70-1.63) for the Pro/Ala geno-
type, and 1.02 (95% CL: 0.25-4.28) for the Ala/Ala genotype.
When the ProfAla and Ala/Ala genotypes were grouped, the
OR was 1.06 (95% CIL: 0.70~1.61). Calculations based on the
prevalence of the two polymorphisms and the size of our study
population suggested an 80% power to detect an association
at the 5% significance level (two-sided test) if the Prol2Ala
and C161T polymorphisms conferred at least a two-fold
increased risk (carriers of at least one variant allele vs no
variant allele).

'The haplotype frequency was compuied from genotype
data and the results are presented in Table 3. Linkage dis-
equilibrium between Prol2Ala and C161T polymorphisms
was observed (D’ = 0.69, x2 = 234 and P < 0.001 in controls;
D' =0.88, 42=282 and P < 0.001 in cancer cases). A signifi-
cant difference in haplotype frequencies between cancer cases
and controls was found (¥? = 11.62, P =0.009, d.f. = 3). The
frequency of the Pro-T haplotype (Pro allele for Prol2Ala
and T allele for C161T) was higher in cancer cases than in
controls (7.6 vs 3.9%). In contrast, the frequency of the Ala-C
haplotype was lower (1.1% vs 2.7%).

Table 4 presents data for associations between the two
polymorphisms in the PPAR-vy gene and CRC risk stratified
for fish intake. A significant association between the C/T +
T/T genotype in the C161T polymerphism and CRC risk
limited to the subgroup of those who had a low fish intake was
found. For the C/T +T/T genotype, high fish intake decreased
the risk from 1.85 (95% CIL: 1.20-2.89) to 0.69 (95% CI:
0.32--1.50). The P-value for the interaction was 0.10. There
were no significant interactions between fish intake and the
Prol2Ala polymorphism with regard to CRC risk.

Discussion

The present investigation, conducted to explore associations
between the Prol2Ala and CI161T polymorphisms in the
PPAR-y gene and CRC in an Indian population, showed the
C/T +T/T genotype to be associated with a significant 1.61-
fold increase in the OR compared with the C/C genotype
with the C161T polymorphism. Analysis of the Pro-T haplotype
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Table 2. Odds ratios (OR) for colorectal cancer (CRC) with reference to the PPAR-y genetic polymorphisms

All cases Colon cancer Rectal cancer Controls
Variable -
n OR* {95% Cl) n DR? (95% CI) n OR' (85% ClI) n

Pro12Ala

Pro/Pro 240 1.00 {reference) 46 1.00 (reference) 194 1.00 {reference) 230

Pro/Ala 57 1.07 (0.70-1.63} 13 1.36 (0.66-2.78) 44 0.99 (0.63-1.57) 57

Ala/Ala 4 1.02 {0.25-4.28) ¢ NA 4 1.27 (0.30-5.36) 4
Pra12Ala {grouped}

Pro/Pro 240 1.00 {reference) 46 1.00 (reference) 194 1.00 {reference) 230

ProfAla + AlafAla 61 1.06 {0.70-1.61) 12 1.20 (0.59-2.43) 48 1.01 {0.65-1.58) [}
C161T

ci/c 210 1.00 (reference} 37 1.00 {reference) 173 1.00 {reference) 221

T 80 1.52 (1.02-2.25) 19 1.95 (0.99-3.81} 61 1.42 (0.96-2.18) 66

TIT 11 2.71 (0.82-8.99) 3 3.09 {0.53-18.06) 8 2,61 (0.75-9.07) &
C1617 {grouped)

c/iC 210 1.00 {reference) 37 1.00 (reference) 173 1.00 (reference} 221

CIT+TT 91 1.61 (1.10-2.36) 22 2.00 (1,05-3.81) &9 1.50 (1.01-2.26) 70

*Adjusted for sex, age, smoking habit, family history and family income. CI, confidence interval; NA, not available.

Table 3. Haplotype frequencies for the PPAR-y gene in the
colorectal cancer patients and control subjects

Frequency Frequency 5
among cases among controls
PPAR-y haplotype'
Pro-C 0.816 0.849 0.009
Pro-T 0.076 0.039
Ala-C 0.011 0.027
Ala-T 0.097 0.085
Disequilibrium
D 0.881 0.686
¥ 282 234
F 0.0001 0.0001

"The order of single-nucleotide polymorphisms in the haplotypes is
Pro12Ala-C161T. *Pair-wise linkage disequilibrium coefficients. iThe
y2-test was used to compare the distribution of PPAR-y haplotypes
between cases and controls.

strengthened the relationship in our study population, and
this proved consistent for both the colon and rectum.
However, evidence concerning the relationship between the
C61T polymorphism and cancer is still limited and contro-
versial, A protective effect on colorectal adenomas was carlier
found for the C/T genotype of the C161T polymorphisms in

PPAR-Y,%" but other studies have shown an increased risk.®**
Clearly, functional aspecis require further assessment.

Three hypotheses may be proposed for how CRC might be
affected by the polymorphisms examined here. First, a new
cryptic splice donor, acceptor or enhancer may be created by
this C/T substitution, with decreased expression of the variant
bearing the T allele, thus leading to a low level of functional
activity. Alternatively, the substitution may influence the sta-
bility of the mRNA species. Second, it is reported that the T
altele of the C161T polymorphism is associated with elevated
plasma levels of leptin,®® a 16 kDa adipokine that regulates
proinflammatory immune responses,”" and may be a growth
factor for colonic epithelial cells.® Case-contro] studies
have in fact suggested that leptin is a risk factor for colorectal
cancer.®3** Third, C161T polymorphism may be in linkage
disequilibrium with functional mutations in other PPAR-Y gene
exons, or other unidentified genes near the PPAR-y gene.
Controversial results have been obtained for the associations
between the C161T polymorphism and risk of colorectal
adenomas.” Reasons for disagreements may be due in part
to differences in study populations.

Analysis with estimated haplotypes showed the Pro-T
haplotype to be more prevalent in cancer cases than in con-
trols (7.6% vs 3.9%). Although relatively uncommon because

Table 4. Odds ratios for interactions between PPAR-y genotypes and colorectal cancer stratified by fish intake

Low fish intake!

High fish intake’

P
Cases/contrels (r) OR* (95% Cl) Cases/controls {n) OR* (95% CI}
Pro12Ala
Pro/Pro 1971176 1.00 {reference) 43/54 0.74 (0.46-1.18}
Pro/Ala + Ala/Ala 54/43 1.14 {0.72-1.81) 718 0.51 (0.20-1.27)
Interaction 0.36
C161T
c/C 1711173 1.00 (reference) 39/48 0.83 (0.51-1.36}
CIT+TIT 80/46 1.85 {1.20-2.89) 11/24 0.69 (0.32-1.50)
Interaction 0.10

1L ow fish intake, less than two servings per week; high fish intake, greater than two servings per week. *Adjusted for sex, age, smoking
habit, family history, family income and consumption of meat, vegetables and fruit. ClI, confidence interval; OR, odds ratio.
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of linkage disequilibrium between the two polymorphisms, its
importance was also reported in two other studies regarding
bodyweight and colorectal adenomas.®'*® The validity of
haplotype inference varied, depending on a number of factors,
including sampling error, sample size, number of loci studied,
allele frequencies, locus-specific allelic departures from the
Hardy—Weinberg equilibrium and the linkage-disequilibrinm
structure of the region.®® In the present study, to prevent geno-
typing bias, negative and positive controls were processed
with each batch of samples, and 10% of the subjects had their
samples rerun to ensure agreement with the initial results.
Haplotype block predictions were based on all the complete
genotype data available for the cases and controls with use of
the expectation-maximization algorithm. In addition, the state
of sample size (cases = 301, controls = 291), number of loci
studied {two loci), allele frequencies (minor allele of the two
polymorphisms < 0.17), Hardy—Weinberg equilibrivm (P = 0.83
for Prol2Ala and P = 0.71 for C161T in controls; P = 0.77 for
Proi2Ala and P =033 for C161T in cancer cases), and linkage
disequilibrium (D" =0.69 in controls, and D’ =0.88 in cancer
cases) in our study also supported the validity of haplotype
estimation.®® Certainly, more detailed investigations will be
necessary to allow accurate haplotype inferences in future.
The Pro12Ala polymorphism in the PPAR-y gene has been
investigated in breast, prostate, lung and endometrial cancers
and colorectal adenomas, but no significant associations were
detected,®-%738 Landi et al. have reported the Ala allele to
be related to a reduced risk of CRC in a hospital-based case-
control study."® We could not confirm this finding in our study
population. Tomita e al. have reported that the Prol2Ala
polymorphism might be implicated in development of CRC
in which the K-ras gene is not mutated.®® Variation in lifestyle
patterns or genetic background among the Indian and Spanish
populations may explain to some extent the observed
differences in risk. Our study used population-based controls,
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