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DH>H, 1Y THARELETALN TV,

Jenab B3, I— /{1209 1 HEFR1 I 5% & RN
L7c8E, a—/M20% I el U Crprfsigic s
A EEEE OB @ L 72?7, Komaki O
i, vV 12% Tl — AR EEE (MUFA)
DAY —T7W12% I L THE s ACF B %
D TWAB Paulsen H i3, FHEM KIGIRMELE
(FAP) ET IV THANTHES APCEIET & F
D Min ¥ 77 A2 % F N2 BFE IS 35\, fagh g
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1 o-3 RBAREFIHRR & RHEEREE (ACF) OEBRIIVITE

Auéh005é§?3r> Species ?til;gllngg::s Contents (per 100 g diet) No. of ACF*
Takahashi et al. Rat DMH Water 3.5 ml/wk NA 153>
(1993) Japan 60 mg/kg s.c. DHA 3.5 ml/wk i.g. 61 %%
Takahashi et al. Rat AOM Water 1.4 ml/wk NA 151>
(1994) Japan 30 mg/kg s.c. DHA 1.4 ml/wk i.g. 118**>
Jenab et al. (1996) Rat AOM Corn oil 20% 50bc  54bd

a
Canada 15 mg/kg s.c. Corn oil + flaxseed 209 +5% 33*be  53hd
Komaki et al. (1996) Rat AOM Olive oil 12% 2170
Japan 45 mg/kg s.c. Perilla oil 12% 40**b
Takahashi et al. AOM Water 5 ml/wk 286°
Rat _ NA
(1997) Japan 30 mg/kg s.c. DHA 5 ml/wk i.g. 211b
Takahashi et al. PhIP Water 5 ml/wk 22b
Rat B _ NA
(1997) Japan 750 mg/kg i.i. DHA 5 ml/wk i.g. g e
Paulsen et al. (1997) Min mouse NA Corn oil 12% 3.8" 3.5°
Norway K85¢+ Corn oil 2.5%+9.5% 1.0* 2.0b
Paulsen et al. (1998) Rat AOM Corn oil 4 g/kg b. wt. 217>
Norway 30 mg/kg s.c. K85¢+ Corn oil 3+1g/kgb. wt. 139%P
Latham et al. (1999) Rat DMH Corn oil 8% 26bd
UK 30 mg/kg s.c. Fish oil 8% 13%bd
Rao et al. (2001) Rat AOM Mixed lipid¢ 20% 120°
a
U.S.A. 30 mg/kg s.c. Fish oil + Corn oil 17% + 3% 88**b
* P<0.05 ** P<0.01 *** P<0.001
NA D @E4L L sc: BFS Lg o BARS i BAAHE

a fIARINTWEWEEIIER B0 D ACF O &R,

b HED A
¢ FERCKEN
d EALAEN

e FaihpEY) K85 1% EPA 51%, DHA 35%, Z Do n-3 RlEHIE 8% % &5, ¥ XN TIZFIITATILTH %,

f DA

g REMREIX4E16%, 5—F10%, NZ—IEiH12%, KEHRIMAEH30%, I—il27%, Y—F v Vil 5% %

ﬁ@o
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11+ % PGE, &% L CHIHISI R A RIE T 5
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W ERIC B WTh, a—vilic i L Camma
&% MaxEPA TS IES OEBIEWIZ A DR
o T, BAEROETFTHALNTIID,
Takahashi HDFEEE T3, DHA ## 5 L /28T
i3, B5LaWEHICHE L CEBROFEE D
MDEZ I N7, Rao HOEBRTIL, Eigh A
BORI17% + 31—l 3% TIIREATRE20%IC
WL CHEICIEE M BA L 723, %7z Dwivedi
BICXD, a—vah15% I il L <, AR
15% CIEFREN 1/2, BEOKIT1/4 THAHC
EPRENTWS®, —TJ, 2RI VT,
BMEEICL ST v & Min 7 ADEBEDOF

R2 n-3 REMEIFINRNITE & #515 EIE EE O KRR 5E

. Carci . Incid. No. of
Author (year) Country Species /t?;?lngog:; Contents (per 100 g diet) nil(y:)ncc tucr)nocl)r
AOM Corn oil 23.5% 22 1.96"
Reddy et al. (1986) U.S.A. Rat .
30 mg/kg s.c.  Menhaden oil 22.5% 8* 0.38*b
X AOM Linoleic acid 5.0% 69 1.66°
Minoura et al. (1988) Japan Rat . . .
81 mg/kg s.c. EPA+ Linoleic acid 4.7% +0.3% 33%* 0.41%**b
AOM Corn oil 23.5% 93 1.820
Reddy et al. (1988) U.S.A. Rat . .
30 mg/kg s.c.  Corn oil + Menhaden oil 5.9% +17.6% 63* 1.00*>
Deschner et al. (1990) M AOM Corn oil 20.4% 63 1.5%
ouse
U.S.A. 60 mg/kg s.c.  Corn oil + MaxEPA® 10.29% +10.2% 30%* 1.3
Takahashi et al. (1994) R AOM Water 1.4 ml/wk NA 50 0.75°
at
Japan 30 mg/kg s.c. DHA 1.4 ml/wki.g. 45 0.58"
§ C il 12% 542 67° 0.8* 1.0
Paulsen et al. (1997) Min mouse NA orn ot 0
Norway K854+ Corn oil 2.5%+9.5% 332 500 0.3* 0.5
Takahashi et al. (1997) Rat AOM Water 5 ml/wk NA 96 3.78>
Japan 30 mg/kg s.c. DHA 5ml/wki.g. 92 2.45%**b
AOM Mixed lipid® 20% 100 5.14>
Rao et al. (2001) U.S.A. Rat o .
30 mg/kg s.c.  Fish oil+Corn oil 17% +3% 69** 1.67***xb
Dwivedi et al. (2005) Rat AOM Corn oil 15% 100 3.1
a
U.S.A. 45 mg/kg s.c.  Flaxseed oil 15% 54+ 0.7*b
* P<0.05 ** P<0.01 *** P<0.001 **** P<0.0001
NA:#EA7%L sc: ZFRE g BARE i BFE
a DA
b HED A

¢ MaxEPA (I EPA 18%, DHA 12%% &4,
d fliEEY) K851% EPA 51%, DHA 35%, ZOfthod n-3 RGN 8% % &ds, §NCLFIVITATIVTH b,
e REREITFIR16%, T—F 10%, /SN2 —[ElH12%, KFREIMAKZM30%, T—il27%, E—JF v Vil 5% % &,
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Author (year) Country Site No." Type of fish Comparison OR (95% CI)
. Colon 42142 . >4 times/wk vs 1.09(nr)
Ta t al. (1985) Japa Fish =Th :
ammacte Japan Rectum 51 51 ® <1 time/wk 1.44(nr)
Ilz/izg(zlexart-Moulm et al. (1986) Colorectal 399 : 798 Fish highest vs. lowest quartile  0.86 (nr)
Colorectal 715 1727 0.58*(0.43-0.78)
. . . Continuous variable, from *
Kune et al. (1987) Australia Colon 392 Fish highest to lowest quintiles 0.67* (nr)
Rectum 323 0.53* (nr)
Colon 339 : 778 0.89(nr)
La Vecchia et al. (1988) Ttaly Fish highest vs. lowest tertile
Rectam 236 0.58* (nr)
Colorectal 203 : 425 1.03(0.66-1.61)
Lee et al. (1989) Singapore Colon 132 Fish highest vs. lowest tertile 1.15(0.69-1.90)
Rectum 71 0.81(0.38-1.68)
Colon 1322578 Fish & Daily intake vs. less than 0.95(0.63-1.43)
Kato et al. (1990 oY :
ato et al. (1990) Japan Rectum 91 shellfish daily intake 0.88(0.55-1.43)
. Continuous variable
Peters et al. (1992) U.S.A. Colon 746 : 746 Seafood (/10 servings/month) 1.00(0.83-1.21)
Iscovich et al. (1992) Argentina Colon 110 : 220 SZ?Ofd highest vs. lowest quartile 0.27*(0.13-0.60)
R Colon 123 : 699 X . X 1.3 (nr)
Bidoli et al. (1992) Italy Fish highest vs. lowest tertile
Rectum 125 1.6 (nr)
Centonze et al. (1994) Italy Colorectal 119 : 119 Fish highest vs. lowest tertile 1.07(0.56-2.05)
Proximal 94 : 31, 782 0.9(0.5-1.7)"
1.4(0.8-2.5)
Distal 137 Cooked or . 1.2(0.8-1.9)°
Inoue et al. (1995) Japan raw fish >3-4 times/wk vs. less 1.0(0.6—1.7;3
Rectum 201 1.0(0.7-1.4)b
1.4(0.9-2.2)*
Nampman et al. (1995) Colon 932:259  Fish >24 g/day vs. <5g/day 1.13(0.68-1.87)
Colon 187 : 363 Daily intakes vs 0.5(0.21-1.20)
Kotake et al. (1995) Fish anym :
clakecta Japan Rectum 176 * <1-2/wk 0.5(0.21-1.41)
Franceschi et al. (1997) ITtaly Colorectal 1,953 : 4,154 Fish highest vs. lowest quintile ~ 0.72** (0.59-0.88)
Colorectal 698 : 698P 1.1(0.7-1.6)b
Le Nklrchand etal. (1997) Fish highest vs. lowest quartile )
U.S.A. 494 : 494 1.1(0.6-1.7)®
Colon 828 : 7,990 i 0.6*(0.5-0.7)
Fernandez et al. (1999) Ttaly Fish iQ ser\{lng/s/ﬁvk vs.
Rectum 498 Iserving/w 0.5*(0.3-0.6)
Colon 928 : 46,886 0.68*<‘<0.47—0.95)9)b
P Raw/cooked >4 times/wk vs. 0.80(0.52-1.24)*
Y t al. (2003 ) :
ang et a ) Japan Rectum 622 fish <1 time/wk 1.13(0.76-1.68)"

0.62(0.33-1.16)

* P<0.05 ** P<0.01

TEG & IROE nr 0 R

a DA
b HEDK

FIMOTIEIC LD 7 7 /) —< OWFEEEE LI O
T IF B VBV NVORBELBY R A LN, K
FEOBIMOIEIC X AMEBPAA Y A7 DIEFAL
PEHREINTWAHD, Cheng B, KR —7
U OBE G & Lz 2 FEOBEFEN AR

B, BIEVHEIRD20-30% 84 & n-6 PUFA 84,

n-3 PUFA EINOW S ORHET T8 X% LTcsr
ARETIL, BRI D20-30% b DT F 34
AZDz LIHBHELI O TR =V AL VT v 7
A (Al), Bax %7213 Bax/Bcl-2 kA EEIC L5
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Author (year) Country Site No." Type of fish Comparison RR (95% CI)
Willett et al. (1990) U.S.A. Colon 88,7512 : 150 Fish Zl/day vs. <1/month 1.06(0.36-3.12)
Giovannucci et al. (1994) b - . 83.4 median /day Vs. b
USA. Colon 47,949" : 205 Fish 8.4 median g%day 1.06(0.70-1.60)
. . > 2.5 servings/wk vs.
Bostick et al. (1994) U.S.A. Colon 35,215 1 212 Seafood <1 . 0.76(0.49-1.19)=
serving/wk
Goldbohm et al. (1994 . .
Nethoranger® (1994) Colon 120,852 : 215 Fish >20 g/day vs. 0 g/day 0.81(0.56-1.17)
. 0.46(0.19-1.11)"
Gaard et al. (1996) Norway Colon 50,535 : 143 Fish meals >5/wk vs. <2/wk
0.81(0.30-1.94)
Kato et al. (1997) U.S.A. Colorectal 14,7272 1 100 Fish, shellfish  highest vs. lowest quartile 0.49**(0.27-0.89)
Colorectal 88,658 : 705
Kobayashi et al. (2004) Japan Colon 456 Fish highest vs. lowest quartile 1.07(0.77-1.48)
Rectum 249 0.95(0.63-1.43)
Colorectal 37,112 : 451 0.9(0.7-1.2)
English et al. (2004) Australia Colon 283 Fish highest vs. lowest quartile  1.0(0.7-1.4)
Rectum 169 0.9(0.6-1.4)
. Colon 107,824 : 284 . . . 1.04(0.65-1.66)
Kojima et al. (2004) Japan . Fish highest vs. lowest tertile
Rectum 173 (Mortality) 0.95(0.60-1.51)
Colorectal 148,610 : 1,667
Proximal 667 > 560 ¢/wk 0.89(0.69-1.15)
Chao et al. (2005) U.S.A. Distal 408 Poultry & fish =3¢ g/xk - 0.73(0.53-1.01)
Rectosigmoid
& rectaon 470 0.93(0.68-1.26)
Colorectal 61,4332 : 733 >9 servings/wk 1.08(0.81-1.43)=
Proximal 234 . (median 3.0) vs. 1.03(0.63—1.67)2
Larsson et al. (2005) Sweden K Fish .
Distal 155 <0.5 servings/wk 0.83(0.45-1.51)*
Rectum 230 (median 0.5 1.08(0.63-1.86)*
Colorectal 478,040 : 1,329 0.69***(0.54-0.88)
Colon 855 0.82**(0.60-1.11)
Norat et al. (2005) France Proximal 351 Fish >80 g/day vs. <10 g/day 0.85(0.53-1.37)
Distal 391 0.70*(0.44-1.11)
Rectum 474 0.49***(0.32-0.76)
* P<0.05 ** P<0.01 *** P<0.001
T R=AT A VRO N L TEBOIE L
a DA
b BHEDL

L7 SO &5 6 n-3 PUFA 1 IE % 75 55 15k
BOT7 R = ZORER T 5 LHBESH
7270,

[\ 23

FEERIIIF 52 Tl n-3 PUFA OERIC & 5 K
DIFFHEBORNF RS —EH L THEI N TW
5o TEDDG, VL MTRIATFHRIRAIIGSIN
%o TEFEMFROFERITRHKIEG AN FBAIZE)
BN EZEBON L HARE L T\ 5, 4R
BIBFZE ClE U L A KB 2 A LR OB A

INTW5, EFXBHGE, aR—FFETLK
WA TR R A RE L T b, HEIEALIEEGA
B Cldn-3 PUFAIC L AT R F —¥ ADRHESE
ABHEIN TS, LrLAEBSH - n-3 %5
BHEE DOIERR & KIBPA U A7 ICB 9 LI 9e %
WET 5 &, —MOSWEEIE TIE TR 7B
HERDTWD DD, BEEORD b7\ Wi
%<, —BERALNEV, MAMERITAET
B5o GHROWFRDFERDFINAECHTH %,
RIS W TRBBAOFE & & OB
IC—EUDPAONEVWEBICOVWTESET S, »
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 OPOEFPFETIE, n-3 PUFA EROHEEIC
FYEPHERES (FFQ) OROEHHNHWD
NTW570 fid n-3 PUFA OFELEHIECH
%7, HAD Japan Collaborative Cohort Study
(JACC Study) 123 % a7k— b PUHEFIR IRHTSE
DAV FBa—)U1,257 N w5 & L - Wrmiifsery
DOFER-TIE, I n-3 PUFA (EPA, DPA (n-3),
DHA) ORI I 284 (%) DM
B, ROBRHENE 25 & AT AERA
AbNlc, LaLaEPD, ROERHE & Mk
n-3 PUFA OFEEE#R O AT <~/ HBEMREUE,
0.11-0.18 & 7 DKW C & A E I N TV 5,
C ORI, AYEREERAEEIC L5 ROER
BHEE &I n-3 PUFA & OBSE BT Cld 7
CEHRREL TS, EREEOADBME M
W EMETEEMAE (FFQ) T, R—v sV
YA X QA EBLZOICERINSAEROKE )
IZBE3 A BN & E N5 Y08 & S WiEIUE S R
(SQFFQ) *FR/cy, BREOHEICE T 5
WOAH LN, F7z, n-3 PUFA 3RO
BICESEAEINS DY, AWEIFHERE
(FFQ) B XUEEREAEIURE A (SQFFQ)
I35 L CHAEZO &mE H OFIC OB
THERPEENTRVEAELD S, ThHDZ
LD, REBED REDL VICET A8 EON
EMAEZONDS, E/o, BRHORBICL A
MENDLREPAWETHANTEATA 7Y v 77T
IV (HCAs), RUYA 7Y 9 7THEIT 4 v
7N Fafj—iRy (PAHs) IC kA KBHAAY
27 EROTERELE 2 LN LD S50, R
DA ERHR O 72 > O O FIH S 1L OHUE & 8
DOLET, - n-3 PUFA {EEDIEM L HED D
DR AFREIC L AFERTROEREPEET
HHEEZDND,

H A AD19504F LAREIC 351 % fa /i B E R O 4
REBICKERET AN VOITHL, A -
FRIFFERERAE CHEML TS (K2), WD
EHCE O IS NEIA R ERCE - By IR RS D8 hn
IZO7 M %o ZIUTH D BRI HEROZAIT, ¥k
BORKICET KGN AEIMEIE L T\ 51
M E 2 N5, 19524EH 519955 £ TOHEN
MR R 1L 2~4 f5ICHE L, fIFIRENEE (S)
DA T, —MAEMIEEER (M), i~k
FEHTE (P) LBRFICHEML TWb, L2 L7k
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Ho, BHBBROLER L L TIkERETZRONT
Wi\, F£/2n-6/n-3tt (n-6%: Y/ —)UEE -
TS5FFVEE, n-3% eV /U VEE - EPA -
DHA) 22\ T, 19854EDETH 55. 1T Hhiig
L CT19524FE Tl 5.0 2 FIERA UM AR L TW
LR, O D, IEMEEREITHEINL T
WhHHOD, FEHMBILERICKEREZTRONT

M D BRI Fs1 5 KM 28 A B % IERAR LR
ZALIC & - THAT A5 T LI3HEL W,

o - n-3 PUFA KB AT FEIICEI < A4
FHRFELT DT/RARTSvYVEEDT
A aY /A FEAICKITTRE, 2) DHA, EPA
DM AIEEEMSIC L SHE, 3)Tur A vF
F—¥ CIERIC R TE, 4 BBEERNT
(TNF) BEAICRIITHE LY RBTF HN 5P,
Z DTGRP AN EE B El % & OFHEM:
DI B COX-2 DEFIFRBIBI#E 2 T A x 7
Fv YV EAERRE & OBEIIC OV THIER A,

TOaART 50 (PGs) 37 5% FVEg»
LyraFFEyrr—+ (COX) DOFEiIcky
AR INAEMESEWE T, RIEORENLLT
4 A—=Thb, 77F FVBLEE L L T, IElh
MR {LBEE TH A COX D EIC L) Faax s
SV Gy, TUAXT SV Hy N B
N, T OICEEMBIAAE T 5B R0 &
FIC KD EEWICEHE & 4 HBEH D PGs (PGD,,
PGE,, PGF,, PGF,,, PGI,) & B VRFY L/ F
vV (TX) Ay DER I N5,

COX-2 [F RIEMG, MBI, HLBRNAD
B, BEICESBES L T AW, COX-2D
BERFERIL, FERPACEE R EE TR - T
%, Tsujii & Dubois {3 COX-2 OBF FE BT 7
B =Y AOMEZEL T EBRLIO, S5
FAFIAENS & n-6 PUFA O & BRI, MO Y
VIEBEORBEEEAZ 2T, U VIEE D S Ml
TSFFVBERHEL, COXBHRAEML /O
AT G VIV BRI B 5 2 598, v D
HBIEE & X IOMEFBROKEBIES T,
COX-2 UN)LD ERPEHEIN TV 5889, F
72, v PCBFAEAKRBEEEN & (HFML
diet) 1%, #EIBHEE O COX- 2B LT 5FF
BirOGDOIA Y /A FEALED, @SR RAn
£ (HFFO diet) X0 7R bF—3 AfBHA350%T
CEWT EDBRSINTWAS, Chang Hid,
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MO T — I L THBTO7T R —
YVAMEMORR L 725 C L& iwak L 722, ko
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AT ERNE NS 2 COX-2 4ICIER T 5 2 &
2L, TAaF /A FEELEDVNIVIKT 243
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KERIIBEIE L B TE O T, KBS A T
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DARIGD ACTRERNCE K C & mmgl ThWab,
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FISH, N-3 POLYUNSATURATED FATTY ACID AND COLORECTAL
CANCER PREVENTION:
A REVIEW OF EXPERIMENTAL AND EPIDEMIOLOGICAL STUDIES

Yasumi KIMURA*
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Colorectal cancer demonstrates high incidences in the developed countries and is the second lar-
gest cause of deaths from neoplasia. In Japan, about 12% of all cancer deaths are due to colorectal cancer
and the rate continues to increase remarkably. Dietary factors are clearly linked to the development of
tumors in the colorectum, and the increase in mortality from colorectal cancer over the last few decades in
Japan has been attributed to Westernization of the diet. On the other hand, the intake of fish/n-3 polyun-
saturated fatty acids has long been considered as a factor decreasing the risk of colorectal cancer. In the
present study, we investigated the effect of fish/n-3 polyunsaturated fatty acids on colorectal cancer by rev-
iewing papers on both experimental and epidemiological studies overall to obtain a perspective for research
and practice for prevention.

This review covers the following areas.

1. Relationships between n-3 polyunsaturated fatty acids and colon carcinogenesis in ex-

perimental studies.
1) Aberrant crypt foci (ACF)
2)  Tumors
2. Relationships between fish intake and colorectal cancer in epidemiological studies.
1) Ecological studies
2) Case-control studies
3) Cohort studies
4) Randomized controlled trials

There are substantial data from experimental studies in support of anticarcinogenic effects of fish/
n-3 polyunsaturated fatty acids in the colon. Several epidemiological studies have also provided evidence
that fish/n-3 polyunsaturated fatty acids have anticarcinogenic effects in the colon, but not all data are con-
sistent. However, increasing intake of fish/n-3 polyunsaturated fatty acids for preventing colon cancer is
suggested from review of experimental and epidemiological research overall.

In the future, it is necessary to improve precision regarding exposure to carcinogens and fish/n-3
polyunsaturated fatty acids intake using a detoiled dietary survey and biomarkers in epidemiological stu-

dies.
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