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AxiEE .

Previous results have shown that dietary fish oil can inhibit breast and
colon carcinogenesis. Data from our laboratory have shown that dietary fish oil
can decrease rat liver foci formation by using the diethylnitrosamine
(DEN)-phenobarbital (PB) model when compared with dietary corn oil.

However, the chemopreventive mechanisms of fish oil are not fuily understood.
Fish oil is high in n-3 fatty acid, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) so it could modify the fatty acid distribution in
tissues. Furthermore, fish oil could modify fatty acid metabolites especially,
prostaglandin E; and prostaglandin Faq (PGF20). In rat livers, fish oil decreased
the PGF», synthesis when compared with corn oil and the addition of tumor
promoter PB had not effect on the PGF, synthesis.  In this project we would
like to explore the possible mechanisms of inhibitory capacity of dietary fish oil
in of rat liver foci formation by the diethylnitrosamine-phenobarbital model.
Peroxisome proliferator-activated receptors (PPARs) are ligand-activated
transcription factors and PPAR-a is the predominant isoform in rodent livers.
PPARs could be activated by their ligands or activators and then modify the PPAR
response gene mRNA expression. WY-14, 643 is a potent ligand of PPAR-c..
When compared with WY-14,643 the polyunsaturated fatty acids such as linoleic
acid (LA), EPA and DHA are weak activator of PPAR-a..  In rat hepatic
parenchymal cells, the PPAR-A is activated by EPA but not by LA, linolenic acid,
or arachidonic acid (AA). Since LA, AA and the fatty acid derivative,
perfluorinated decanoate are weaker than WY-14,643 to bind to PPAR-q, unlike
WY-14,643, they may not influence or have little effect on promoting liver
cancinogenesis initiated by DEN.  This may be due to different capacity of
induction of PPAR response gene mRNA expression between strong and weak
PPAR-q ligands (or activators). We hypothesize that because amount of PPAR
response gene mRNA expression induced by LA and EPA are lower than by
WY-14,643, fish oil and corn oil will not induce rodent liver cancer.

Furthermore, fish oil and corn oil could influence liver foci formation through a
PPAR-q related mechanism. Dietary fish oil increased the CYP4Al and
L-FABP, PPAR response genes, mRNA expression compared with dietary corn oil
and clofibrate, However, Dictary fish oil decrease the liver GSH foci synthesis
compared with dietary corn oil and clofibrate. The relationship between fish oil

and liver carcinogenesis needs more future study.




PR e

DA SRS - A TTIEISLIE RS TERL - B ALY

R » HUE R et UM AN A A AR oK ER A W
diethylnitrosamine (DEN}-phenobarbital (P T RS A= AR R FE A - 1B
ST OB R B o SUBIKE A eicosapentaenoic acid (EPA) B
docosahexaenoic (DHA) + Biit % & el i s rh AR TRR AR - MR
BISSRE Y > 1 prostaglandin Ep 57 prostaglandin Fa, (PGF)HES
RAR S TR TR s PGF, S iR s AR B B -
A& £ i Fe35HY Peroxisome proliferator-activated receptors (PPARS)E

S A AR B A B BN KR SRR A e R i
SEATMAE FR B1ELTE (L PPAR-o /R - (1S — W5 < PPARs &
ligand-activated transcription factors » Ti¢E EXHAT R LA PPAR-cli %%
PPARs #; PPAR JE{LENE(L% - BHETRRAT PPAR IERLNER R F A
(PPAR response gene mRNA {ranscription) ° SRS A B PPAR-oE &
(BREIEIsEE S PPAR-o SO AIMEE A —B » B0 BT B H A
(hepatic parenchymal cells) PPAR-a R # EPA 151K {EEE RIS - K OaRRH
BEFITEAR VR IATRE ML ER] - B4R EPA LEL{bfEiiRe %] PPAR-afE(E
m > (HEE— RIS T EEY) - WY-14,643 FREE T - WY-14,643 B PPAR-afE]HY
SR E EPA W% T - HRENIRTEE WY-14,643 iiFERITRECY
B BEET IS B RE PPAR -SRI 8552 activators » G ERIRRTHBRAN
54 PR I%EE - DLE: perfluorinated decanoate (HSASEET A YNE R DEN
ST RO S B S B R BREE e s
PPAR-response genes mRNA BESEFRE RN - FRDUASHERMMEE: > &
YR B R T T4 T B PPAR-oA BB 42K 528 DEN-PB 1830 TR A0
REREE M [EIR LR PRSI TTAEEE WY-14,643 BRI « BLIER
Ept Ry BAR A TR EAHILE - SR Tk BB GSH
Foci BEEWA - TEELE clofibrate 4 BB GSH Foci BEEE#N - EE
e A A Z EUF IR T GST-P 2 mRNA REEE &REE I RHRERR
gm £ clofibrate 13 E5 » PPAR Response genes $21 CYP4AL, L-FABP Z
mRNA 7EER 18 2 BT B AR KA E B R R R clofibrate
SAEE - CYPAAl TBEAEEFEL mRNA #ERAAE R i B R
KA ERA TR B AR A cofibrae FHER -




SR —

SRR A E R E R DR RS » 58T
4« EFITHRE N ERREE - SRR e lES B EEE
b RS A AT TR IRAERE (Miller et al., 1990) - A EENEE B
4 » KERATOEEE S IER (BN - — B B RIS AL
B - MRHY PR ESREMS T HAIEE (a0 - FEsg) - 8
FE LTSS » HEER2EITEER - fEMiET S SRR
B » 4] - eicosapentaencic acid (EPA)LAB: docosahexaenoic acid (DHA) » 9/&
BA -3 BT TR S ISR - DUSHFR RS E - KRR - Sl
T B B A s a4 R (Abou-El-Ela et al., 1989; Lec et al., 1993;
Reddy et al., 1991; Chen et al., 1997) °

TR RS BT A HBRRT 2 T Chen A (1997)ENEIRE £
SHBRE: (10% by weighOSEE FERIMARE (15% by weighd LT » BUHTT A
111461 diethylnitrosamine (DEN;F5387)-phenobarbital (PB; (R T Al
ST TR - FEEYEET - SRR PO IR T oK R - (Hil
MBI PR R S R T i A A R LR P SR A AR
ot TSI R AR AR, -

a5 D44 Y S TERORTEEARE » peroxisome proliferators 53 peroxisome

proliferation FIFT [RE—EEHTAIERZ BSA0FH + #RTBR peroxisome :
proliferator-activated receptors (PPARs)(Issemann et al., 1990) - PPARs TIEREMN
superfamily of nuclear hormone receptors i 77 EF % —fii PPAR subfamily> #I
SR 1k PPARs EA & B = AR isoforms (o B LAKyl #1 v2) (Dreyer
et al., 1992; Sher et al,, 1993; Klicwere et al., 1994)> SELEFEATHAT = > H PPAR-o.
isoform LA PPAR-0.B = (Issemann et al., 1990)e PPARs EHIELAE superfamuly of
nuclear hormone receptors #EK B —4£R: ligand-activated transcription factors
(reviewed in Tsai et al., 1994; Lemberger et al.,, 1996) = PPARs T #% PPAR BOVS
e (ligands BX activatorsWE(L % » IGEFAETS PPAR A R FEHIER
(PPAR-response genes)ii%%% (mRNA transcription)(Reviewed in Cattley et al,, '
1998) = PPARs £ retinoic X receptor (RXR)5>FIFH PPAR BYVE (LK 9-cis
retinoic acid FEAL IR heterodimer (Keller et al., 1993) ©  PPAR-RXR
heterodimer 7EEi{%7 /7> PPAR-response genes _-. promoter ERIHI—fEFFIK DNA
motif &R  mRNA transcriptione 32 {E%F% DNA motif #F&5 peroxisome
proliferator response element (PPRE)(Dreyer et al., 1992) B B AfrEry
PPAR-response genes 511 peroxisomes Pl AR RIS PIROTR 1 A A
(Kliewer et al., 1992)» f41 ACO~ L-FABP - adipocyte lipid binding protein (aP2) -
cyclooxygenase-2 ~ cytochrome P450 4A1 (CYP 4Al)(Aldridge et al., 1995) ~
hydroxymethylglutaryl-CoA synthase (Rodriguez et al., 1994) » apolipoprotein Al
and CTIL 2« SEARRRZethiE MM ST PPAR-response genes B SR » o7
it (differentiaiton) BRERETEA (carcinogenesis) [EIHIREHR » Bt aP2 CALRE
S eps IR AL EYIHIRE% (Spiegelman et al., 1997) > 1if ACO (Chu et
al., 1995; Gonzalez et al., 1998) - CYP4AL 1 L-FABP(eviewed in Bentley et al.,
1993)Fu e B A R B - |

PPAR HIIEAVE] » B2 T EX40FY peroxisome proliferators 4 » STAREHHR
binding assay B - —SLEEASEE (BIA0: LA » LNA - AA - EPA - DHA)

1




T eicosanoids {prostaglandin Jz » 8-hydroxyeicosatetraenoic acid * leukotriene B4
22y (Forman et al., 1997; Kliewer et al., 1997; Krey et al., 199Dt E SATE
1, PPARs BYAE ) » A AFAER PPAR-response gene mRNA Fiigk «  PPARs H]
us RS RA B RN E T — i - E—AREEENRE - IREIHE
SNSRI I ER - ML Bl E - hERRR - fla
SRR - WA HEREE - EETEEMM (hepatic parenchymal cells)
PPAR-c.TiJ 4 EPA 154k {3 LA » LNA 1 AA HISEIL{ER (Renetal,, 1997)
Bk EPA [LEASREREEME - (B8R TEELEY)-WY-14,643 FHLLEL
WY-14,643 £ PPAR-ofSIHUERA1 8 EPA 55% T » {5 EPA f¥&{t PPAR-o
M ACO AR CYP 4A1 mRNA #Y#8%(Krey et al., 1997) -

B HH4S T 5 4B PPAR-oER1 /838,27, peroxisome proliferators + 42411
WY-14,643 » AAJEASERTREEZ TERL (Peters et al., 1997; Gonzalez et al., 1998) »
SRTIT Ho 7 RS 045 T/ INB, PPAR-oi A1 198557 activators » LA » AA LA
Fr perfluorinated decanoate (IETSEEATAEYNSE - AR E# 2 DEN B %2
TR (Klaunig et al., 1990) - iETIHERE/R PPAR-response genes mRNA
o YERIRIT T AR AR - MRS - #ERT R PPAR-aYTEL
7 » {H 7 EES5 3 PPAR-response genes BHERGREAE AL - (BANEH{EESRE
BIATESS SEEH - ARG H % PPAR-a.fE {L.6 PPAR-response genes mRNA
BR 7T N El BN TS 8T DEN-PB BT A B ATH S MR A R A i E g
ST » IS Ak I I A R R -

FEREEE R |

FEFAERAZEERE  BEMTRESREFEEER (daa
not shown) * HHELE FAmE Z EALLE - SRAfhE BT ERIEE T
EPA 7 DHA BE3Q1H AA BEEH/D « 8RR clofibrate FAE BATREBIET

SRS AT BIA 2 TR EAR ML (Table 1) - BELDAFEERRER 3 - 2
88 R A B LSS - R A A BB GSH Foci #EER
>+ TR A clofibrate 41 BT GSH Foci S8 /N (Table 2) - {(HZER
£ 48 2 BT B GST-P 2 mRNA R B HE i fr okl R AR
£ clofibrate ¥ 8% (Fig 1-B, Fig 2-B) - PPAR Response genes Fian
CYP4Al, 1L-FABP 7 mRNA 7F8E A& faumit ¥ BT b B AR B R oK
HEA TR A clofibrate #EE, (Figl-A, C ) CYP4Al B &7REE mRNA 445
R B A A A B TR A AR A TR A B B AR clofibrate #H
ZE(Fig2-A) »

FENRRER

AT BAEEES FUMEE Liver Foci TER BRfR - MIF{ERGTAURZE SIS
HHIEAY, PPAR 2% Genes 78 « ATHSAE BN AMITG L PPAR R &
Genes F2FRHE N EE F KR Clofibrate 3 AN FEAS SRR B » F IR Liver
Foci JERY - HILAERRFeAE S48 » Proxisome Proliferators FRE#2E BT
B o B AR S A AT A EI Sk PPAR » {EAITETHIH] Liver Foci JHK
HOETA BRI T R R G B AT BRI I R A A R -

BE R

Abou-el-Ela, S.H., Prasse, K.W,, Farrell, R.L., Carroll. R, W., Wade, A.E. and Bunce,

2




O.R. (1989) Effects of D,L-2-diflucromethylomithine and indomethacin on
mammary tumor promotion in rats fed high n-3 and/or n-6 fat diets. Cancer Res., 49,
1434-1440.

Aldridge, T.C., Tugwood, J.D. and Greens, S. (1995) Identification and
characterization of DNA elements implicated in the regulation of CYP4A1
transcription. Biochem. J., 306, 437-479.

Bentley, P., Calder, 1., Elcombe, C., Grasso, P., Stringer, D. and Wiegand, H.J. (1993)
Hepatic peroxisome proliferation in rodents and its significance for humans. Food
Chem. Toxicol,, 31, 857-907.

Chen, HW., Ko, J.J, Lii, C.K., Ou, C.C. and Sheen, L.Y. (1997) Corn oil enhances
gamma-glutamy! transpeptidase-positive foci development in the presence of
phenobarbital during hepatocarcinogenesis in rats. Nutr. Cancer, 28, 252-257.

Chu, S., Huang, Q., Alvares, K., Yeldandi, A.V., Rao, M.S. and Reddy, J.K. (1995)
Transformation of mammalian cells by overexpressing H202-generating
peroxisomal fatty acyl-CoA oxidase. Proc. Natl. Acad. Sci. USA, 92, 7080-7084.

Dreyer, C., Krey, G., Keller, H., Givel F., Helftenbein, G. and Wahli, W. (1992)
Control of the peroxisomal beta-oxidation pathway by a novel family of nuclear
hormone receptors. Cell, 68, 879-887.

Forman, B.M., Chen, J. and Evans, R.M. (1997) Hypolipidemic drugs,
polyunsaturated fatty acids, and eicosanoids are ligands for peroxisome
proliferator-activated receptors alpha and delta. Proc. Natl. Acad. Sci. USA, 94,
4312-4317.

Gonzalez, F.J., Peters, ].M. and Cattley, R.C. (1998) Mechanism of action of the
nongenotoxic peroxisome proliferators: role of the peroxisome proliferator-activator
receptor c. J. Natl. Cancer Insti. 90, 1702-1709.

Issemann, I. and Green, S. (1990) Activation of a member of the steroid hormone
receptor superfamily by peroxisome proliferators. Nature, 347, 645-650.

Keller, H., Dreyer, C., Medin, J., Mahfoudi, A., Ozato, K. and Wahli, W. (1993) Fatty
acids and retinoids control lipid metabolism through activation of peroxisome
proliferator-activated receptor-retinoid X receptor heterodimers. Proc. Natl. Acad.
Sci.USA, 90, 2160-2164.

Kliewer, S.A., Umesono, K., Noonan, D.J., Heyman, R.A. and Evans, R.M. (1992)
Convergence of 9-cis retinoic acid and peroxisome proliferator signalling pathways
through heterodimer formation of their receptors. Nature, 358:771-774.

Kliewer, S.A., Forman, B. M., Blumberg, B., Ong, E.S., Borgmeyer, U.,
Mangelsdorf, D.J., Umesono, K. and Evans, R.M. (1994) Differential expression and
activation of a family of murine peroxisome proliferator-activated receptors. Proc.
Natl. Acad. Sci. USA, 91, 7355-7359.

1t




Kliewer, S.A., Sundseth, S.S., fones, S.A., Brown, PJ., Wisely, B, Koble, C.S,,
Devchand, P., Wahli, W., Willson, T. and Lenhard, J.M. (1997) Fatty acids and
eicosanoids regulate gene expression through direct interactions with peroxisome
proliferator-activated receptors o and y. Proc. Natl. Acad. Sci. USA, 94, 4318-4323.

Krey, G., Braissant, 0., L’Horset, F., Kalkhoven, E., Perroud, M., Parker, M.G. and
Wahli, W. (1997) Fatty acids, eicosanoids, and hypolipidemic agents identified as
ligands of peroxisome proliferator-activated receptors by co-activator-dependent
receptor ligand assay. Mol. Endocrinol., 11, 779-791.

Lee, DmY., Chapkin, R.S. and Lupton, J.R. (1993) Dietary fat and fiber modulate
colonic cell proliferation in an interactive site-specific manner. Nutr. Cancer, 20,
107-118.

Lemberger, T., Desvergng, B. and Wahli, W. (1996) Peroxisome
proliferator-activated receptors: A nuclear receptor signaling pathway in lipid
physiology. Annu. Rev. Cell Dev. Biol., 12, 335-363.

Miller, A.B. (1990) Diet and cancer. A review. Acta Oncol., 29, 87-95.

O'Connor, T.P., Roebuck, B.D., Peterson, F.J., Lokesh, B., Kinsella, J.E. and
Campbell, T.C. (1989) Effect of dietary omega-3 and omega-6 fatty acids on

development of azaserine-induced preneoplastic lesions in rat pancreas. JNCI., 81,
858-863.

Peters, J. M., Aoyama, T Catiley, R.C., Nobumitsu, U., Hashimoto, T. and
Gonzalez, F. J. (1998) Role of peroxisome proliferator-activated receptor-w in altered
cell cycle regulation in mouse liver. Carcinogenesis, 19, 1989-1994.

Reddy, B.S., Burill, C. and Rigotty, J. {991) Effect of diets high in omega-3 and
omega-6 fatty acids on initiation and postinitiation stages of colon carcinogenesis.
Cancer Res., 51, 487-491.

Ren, B., Thelen, AP, Peters, LM, Gonzalez, F.J. and Jump, D.B. (1997)
Polyunsaturated fatty acid suppression of hepatic fatty acid synthase and S14 gene
expression does not require peroxisome proliferator-activated receptor alpha. J. Biol.
Chem., 272, 26827-26832.

Robisin, N.A., LeCelle, P.T. and Eckert, R.L. (1996) Involucrin is a covalently
cross-linked constituent of highly purified epidermal corneocytes: evidence for a
common pattern of involuerin eross-linking in vivo and in vitro. J. Invest. dermatol.,
107, 101-107.

Sher, T., Yi, H.F., McBride, 0.W. and Gonzalez, F. J. (1993) ¢cDNA cloning,
chromosomal mapping and functional characterization of the human peroxisome
proliferator activated receptor. Biochemistry, 32, 5598-5604.

Spiegelman, B.M., Hu, E., Kim, J.B. and Brun, R. (1997) PPAR gamma and the
control of adipogenesis. Biochimie, 79, 111-112,

£-9




Tsai, M. and O’Malley, B.W. (1994) Molecular mechanisms of action of
steroid/thyroid receptor superfamily members. Annu. Rev. Biochem., 63, 451-486.

fth



Table 1. Effect of experimental diet on fatty acid composition® of Tat liver

Treatment 16:0 [18:0 [18:1© |18:2© |20:4 |20:5 |22:6

CO 18.46] 28241 7221 9.10] 3256 0.00] 4.43
FO 1744] 24370 626 7.10; 23.14) 8.59] 13.76
CF 1880 28.461 6431 839] 33.68] 020] 4.05
CO/DEN 1598 28411 590 9.61) 3487 024 499
FO/DEN 19360 23350 5590 7.14] 2345( 5.45 15.67
CF/DEN 16631 27.150 811 873 3399 001 539
CO/DEN/PB | 16.00| 29.13] 695 7.88 36121 0.10f 382
FO/DEN/PB | 1834 2447 699 6.58 23.01] 4.80] 15.81
CF/DEN/PB | 15.82| 30.06] 5790 7.87| 3509 031 506

*Values are means expressed as percent total fatty acid yield. n> 4 liver samples per
CO (corn oil), FO {fish oil), CF (clofibrate), DEN (diethylnitrosamine), PB
(phenobarbital)

Table 2. Effect of experimental diet on foci synthesis® of rat liver

Treatment %!| focino/mm| foci no/mm
CO/DEN/PB 01180060  1.3430.79)  13.4747.85
FO/DEN/PB 0.04+0.03* 0.85+0.36% 20.26+15.23
CF/DEN/PB 0.2540.14*  2.14£092*  7.66£3.07*

aValues are means + S.D. expressed liver foci. n=9-10 liver samples per diet group.
*.within the same row are significantly different from CO/DEN/PB treatment group
(p<0.05).

CO (com oib), FO (fish oil), CF (clofibrate), DEN (diethylnitrosamine), PB

(phenobarbital)
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Fig 1. Effect of experimental diet on mRNA expression of rat liver
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Fig2. Effect of experimental diet on protein expression of rat liver
“within the same row are significantly different from CO treatment group (p<0.05).

CO (corn oil), FO (fish oil), CF (clofibrate), DEN (diethyinitrosamine), PB (phenobarbital)




