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United States diet that contains high levels of omega-6 PUFAs,' such
as linoleic acid (cl8:2, n-6), enhances colon tumorigenesis in rodents,

whereas fish oil, which is rich in omega-3 PUFAs, such as EPA
(c20:5, n-3) and DHA (c22:6, n-3), reduces colon carcinogenesis.
Evidence also indicates that consumption of dietary fish oil is asso
ciated with suppressed inflammatory response in patients with rheu
matoid arthritis (1 1) and psoriasis (12), reduced mortality from cancer
and cardiovascular disease (6, 13, 14), and improved survival of
animals with endotoxin challenge or burn injury (15). However, the
precise mechanism by which fish oil and other omega-3 PUFAs exert

their anti-inflammatory, antitumor, antithrombogenic, and immuno
modulating effects remains largely unknown.

Accumulating evidence from epidemiological and laboratory ani
mal studies indicates that chronic ingestion of NSAIDs, such as
aspirin, piroxicam, and sulindac, is associated with a reduced risk of
death from colon cancer (16), decreased incidence of colon cancer
(17â€”19),reduction in number and size of colonic polyps and adeno
mas in human familial adenomatous polyposis (20, 21), and protection

against chemically induced colon cancer in animal models (22).
Although the molecular mechanism by which NSAIDs inhibit cob
rectal carcinogenesis remains unknown, it is likely that it involves
inhibition of prostaglandin-endoperoxide synthase enzyme, also
called COX, which in a rate-limiting step catalyzes the conversion of
arachidonic acid into prostaglandins that are potent biological medi
ators of diverse normal physiological effects and are implicated in
various pathological conditions including inflammation and neoplas
tic transformation (23, 24). An inducible isoform of COX, designated
COX-2, has been characterized as an immediate early response gene,
which, bikec-fos and c-fun, is rapidly induced following stimulation of
quiescent cells by mitogenic and hormonal stimuli (25). Overexpres
sion of COX-2 has been reported in about 90% of colon tumors and
premalignant coborectal adenomas (26, 27) and also in histologically
normal-appearing epithelium in Mm mice (28). Both COX-l and

COX-2 are the targets of NSAIDs, and the treatment with NSAIDs is
associated with a decrease in COX-2 in colon tumors (26). In a recent
double-blind study from our laboratory (29), a specific COX-2 inhib
itor was shown to effectively suppress the development of chemically
induced aberrant crypt foci, a putative premalignant lesion. It is
interesting that the omega-3 PUFAs EPA and DHA, which are present
in fish oil, havebeenshownto inhibit COX activity andarachidonic
acid metabolism (30). Moreover, when rats were fed omega-3 PUFAs,
a selective incorporation of omega-3 PUFAs with concomitant reduc
tion of omega-6 PUFAs in membrane phospholipid pool of cells in
various tissues was shown to occur (3 1), which may affect the
physiological properties of cell membrane and membrane-bound en
zymes that regulate the sensitivity of cells to carcinogenic stimuli and
tumor growth. It is hypothesized that the inhibition of colon carcino
genesis by omega-3 PUFAs may be mediated through the suppression

3 The abbreviations used are: PUFA, polyunsaturated fatty acid; NSAID, nonsteroidal
anti-inflammatory drug; HFCO, high-fat com oil; HFFO, high-fat fish oil; LFCO. low-fat
com oil; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; COX. cycbooxygen
ase; AOM, azoxymethane; AIN, American Institute of Nutrition; TBST, Tris-buffered
saline containing 0.2% Tween 20.
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ABSTRACT

Several epidemiologicaland experimental studies have indicated a
strong relationship between different types of dietary fats and risk of
colon cancer. However, the modulating effects of these nutritional factors
at the molecularlevel are not fully elucidated. It has been documented that
the modulation of tumorigenesis is associated with changes in the levels of
prostaglandins production. To provide an understanding of the mecha
nism(s)ofdietaryfat-inducedmodulationofcolontumordevelopment,we
have analyzed the expression of cyclooxygenase (COX), an enzyme that
catalyzes the metabolism of omega-3 and omega-6 polyunsaturated fatty
acids in a critical step in prostaglandin biosynthesis. Male F344 rats were
fed the semipurified AIN-76A diet containing low-fat corn oil and were s.c.
injected azoxymethane (AOM) dissolved in normal saline at a dose rate of
15 mg/kg of body weight, once weekly, for 2 weeks. Vehicle controls

received s.c. equal volumes of normal saline. One day after the second
AOM or saline injection, rats intended to receive experimental diets were
provided high-fat corn oil (HFCO) or high-fat fish oil (HFFO) mixed in
semipurified AIN-76Adiet, and the remaining rats continued to receive
the low-fat corn oil diet. Animals were sacrificed 1, 12, or 36 weeks after
the last AOM or saline injection, and their colonic mucosa, as well as the
grossly visible colon tumors from rats sacrificed 36 weeks after the last
AOM injection, were analyzed for the expression levels of COX.1 and
COX-2. The results indicate that AOM induced increasingly high levels of
COX-2 expression with advancIng stages of colon tumorigenesis. HFCO
further enhanced the AOM-mduced COX-2 expression. In contrast,
HFFO ingestion resulted in a significant decrease in COX-2 expression
both in the colonic mucosa and in tumors. These results correlate with
increased incidence and multiplicity of grossly visible colon tumors in
AOM-treated animals that were fed the HFCO diet versus decreased
tumor incidence and lower tumor maltiplicity in animals that were fed the
HFFO diet No significant differences were observed in expression levels
ofCOX-1. The data suggest that HFCO may promote colon tumorigenesis
by up-regulating the COX-2 expression, whereas HFFO may exert its
antitumor effect by inhibiting the COX-2expression.

INTRODUCTION

Colorectal cancer remains the second leading cause of cancer
deaths in the United States (1). Several epidemiological studies have
revealed the influence of lifestyle factors, particularly nutritional
factors, on the development of certain forms of cancer, including
carcinoma of the colon (2, 3). Accumulating evidence suggests an
association of high dietary meat and fat intake with increased risk of
colorectal cancer (4, 5). However, a recent epidemiological study has
demonstrated an inverse relationship between the consumption of
high dietary fat from fish and the development of colorectal cancer
(6). Recent data from our laboratory (5, 7) and elsewhere (8â€”10)have
demonstrated that corn oil, a highly prevalent vegetable fat in the
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Table IPercentage composition of experimentaldietsâ€•Com

oil dietsâ€•Fish oildiets'Diet

ingredientsLow fat High fatHighfatCasein

DL-methionine
Com starch
Dextrose
Alphacel
Com oil
Fish oil
Mineral mix
Vitaminmix
Choline bitarirate20.0

23.50
0.3 0.35

52.0 32.9
13.0 8.32
5.0 5.9
5.0 23.5
0 0
3.5 4.11
1.0 1.18
0.2 0.2423.50

0.35
32.9

8.22
5.9
3.0

20.5
4.11
1.18
0.24

DIETARY FAT MODULATES COX-2 AND COLON CANCER

of COX-2 isozyme in the colon. This study was thus conducted to
evaluate the modulating effects of different types and different
amount of dietary fat on the expression bevels of COX isoforms
COX-l and COX-2. The major goal of this study was to determine
whether the altered expression of COX-2 could be used as an effective
predictor of coborectal cancer.

MATERIALS AND METHODS

Carcinogen, Animals, and Diets

AOM (CAS: 25843-45-2) was purchased from Ash Stevens (Detroit, MI).
Weanling male F344 rats were purchased from Charles River Breeding Lab
oratories (Kingston, NY). The ingredients of semipurified diet were obtained

from Dyets, Inc. (Bethlehem, PA). Fish oil was donated by the Menhaden Oil
Refinery of Zapata Protein Inc. (Reedville, VA). Male F344 rats, received as

weanlings, were quarantined for 1 week. Animals were then randomly as
signed for carcinogen or vehicle treatment. Each group was then divided into
different dietary subgroups. Animals were housed in groups of three each in
plastic cages with filter tops in an animal holding room maintained under

controlled conditions of 21Â°Cand 50% relative humidity in a 12-h light/dark
cycle. All animals were fed ad libitum, with fresh food replenished every day.

The experimentaldiets were formulatedon the basis of modifiedAIN-76A
diet (32). In addition to high amounts of fish oil, the HFFO diet was supple
mented with 3% corn oil to alleviate any essential fatty acid deficiency. As
shown in Table I, the composition of all experimental diets was adjusted so
that animals in all of the dietary subgroups would receive the same dosage of
vitamins, minerals, and fiber. Diets were prepared in our laboratory three times

per week and were stored in airtight containers under nitrogen in a dark room
at 4Â°C.Aliquots of the experimental diets were analyzed for their fatty acid
composition. As expected, the corn oil diet contained high bevels of omega-6

fatty acids, such as linoleic acid, whereas the fish oil diet contained high levels
of omega-3 fatty acids, such as EPA and DHA. The contents of omega-6 fatty
acids in HFCO and HFFO diets were 59 and 8%, respectively, and the contents

of omega-3 fatty acids were 1.2 and 3 1%, respectively. The levels of oleic acid
(n-9) in HFCO and HFFO diets were 24 and 16% respectively, and the bevels
of total saturated fatty acids were 14 and 28%, respectively.

Experimental Procedure

Beginning at 5 weeks of age, all animals were fed the modified AIN-76A

(LFCO) diet. After 2 weeks, animals scheduled to receive carcinogen treatment
were given s.c. injections of AOM once weekly for 2 weeks, at a dose rate of
15 mg/kg of body weight. Animals intended for vehicle treatment were s.c.
injected with equal volumes of physiological saline. One day after the second
AOM or saline injection, groups of animals designated for HFCO and HFFO
treatments were transferred to their respective dietary regimens, whereas the
remaining animals in both the carcinogen and vehicle treatment groups were

continued on the LFCO diet until termination of the experiment. Body weights

of all animals were recorded weekly until 16 weeks of age, and then every 4
weeks until the end of the study. Groups of animals treated with AOM or saline

and fed the control or experimental diets were sacrificed by CO, euthanasia at
1, 12, and 36 weeks after the last AOM or saline injection. Their colons were

rapidly removed, rinsed in ice-cold saline, and laid flat on a glass plate. Grossly

visible colon tumors larger than 3 mm from AOM-treated animals sacrificed

36 weeks after the last AOM injection were carefully removed. Tumor-free
cobonic mucosa of these and all other animals were scraped with a microscope

slide. Samples of colonic tumors and mucosa were snap-frozen in liquid

nitrogen and stored at â€”80Â°Cuntil used for COX analysis.

Measurement of COX-1 and COX-2 Expression

Preparation of Particulate Fraction. Because COX-l and COX-2 are
firmly bound to the bumenal surface of endopbasmic reticulum and nuclear
envelope, the particulate fractions of the cobonicmucosa and of tumor samples
were prepared to measure the expression levels of COX isozymes. Frozen
tissues were thawed in ice-cold homogenization buffer (50 mist Tris-HC1, pH

7.6, 2 mst EDTA, 1 mM diethyldithiocarbamate, 1 mM phenylmethylsulfonyl
fluoride, and 0.1 mM leupeptin and 2 @g/mlaprotinin as protease inhibitors).

Tissues were homogenized on ice, and the debris was removed by centrifuga

tion at 800 x g for 10 mm at 4Â°C.The homogenates were further centrifuged
at 100,000 x g for 1 h at 4Â°C.The pellets were sobubilized in homogenization

buffer containing 1% Tween 20 by ultrasonication, left on ice for 15 mm, and
then centrifuged at 100,000 X g for 30 mm at 4Â°C.The supernatants, repre
senting membrane fractions, were estimated for their protein contents using

Bio-Rad protein assay reagents (Bio-Rad Laboratories, Richmond, CA) with
BSA as standard.

SDS-PAGE and Western Blotting. SDS-PAGE and Western transfers
were carried out essentially as described by Laemmli (33) and Towbin et a!.
(34), respectively. Solubibized particulate fractions of colonic mucosa and
tumors corresponding to 200 @xgof protein were mixed with sample buffer
(10% SDS, 600 mM Tris-HCI, pH 6.7, 50% glycerol) containing @3-mercapto

ethanol and 50 @xg/mlbromphenol blue. Samples were boiled for 2 mm and
electrophoreticably resolved on a 10% reduced polyacrylamide vertical slab gel
with an overlay of 4% polyacrylamide along with prestained SDS-PAGE
molecular weight markers and COX-l or COX-2 Western blot standards
(Oxford Biomedical, Oxford, MI). Electrophoretically resolved proteins were
electrotransferred onto Immobilon-P membrane (Millipore Corp., Bedford,

MA) in a trans-blot electrophoretic transfer cell (Bio-Rad Laboratories).
Immunodetection and Quantification of COX-1 and COX-2. After

trans-blotting the electrophoretically resolved proteins, the blots were blocked
with 5% (w/v) nonfat dry milk dissolved in TBST. Blots were then incubated

with monoclonal anti-COX-1 antibody (Oxford Biomedical) diluted 1:1000 or

anti-COX-2 polycbonalrabbit antibody (kindly supplied by Dr. R. N. Dubois,
Nashville, TN, and also from Oxford Biomedical) diluted 1:250 in TBST

containing 0.5% (w/v) nonfat dry milk. Blots were extensively washed in

TBST and reincubated with peroxidase-linked secondary antibody (antimouse
IgG for COX-l or antirabbit IgG, Amersham Corp., Arlington Heights, IL)
diluted 1:5000 in TBST containing 0.5% (w/v) nonfat dry milk. The blots were
thoroughly washed in excess TBST and probed with the enhanced chemilu
minescenceWesternblotdetectionsystem(AmershamCorp.)usingReflection
autoradiography films (DuPont NEN, Boston, MA) according to the manufac

turer's instructions. The autoradiograms were scanned with an Image Master
sharp laser densitometric scanner (PD!, Huntington, NY), and the peak areas,
representing COX-l or COX-2 bands, of both the standards and samples were
integrated.

Statistical Analysis. Body weights and the expression levels ofCOX-l and
COX-2 were compared for animals fed the control diet and those fed the
experimental diets. Data were analyzed using the unpaired t test and one-way

ANOVA. Differences were considered statistically significant at P < 0.05.

RESULTS

Body Weights and Tumor Occurrence. All of the animals grew
at a normal rate irrespective of their dietary regimens. The body
weights were comparable in all of the animals fed control and exper
imental diets. However, the body weights gained by animals on the
LFCO diet were marginally (<10%) below those of animals fed the
HFCO or HFFO diets in both the AOM- and saline-treated groups. As

â€˜IFormulated based on the AIN standard reference diet with the modification of vary

ing sources of carbohydrate.
b Corn oil and fish oil were added at the expense of starch. The composition of high-fat

diets was adjusted so that animals in all dietary groups would consume approximately the
same amounts of protein, minerals. vitamins, fiber. and calories.
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Table 2 Effect ofdifferent types and amount of dietary fat on the expression oflevelsof
COX' 1 during postinitiation phase ofAOM.induced coloncarcinogenesisWeeks

after last AOMlsalineinjectionâ€•I

1236Experimental

group Mucosa Mucosa MucosaTumorsAOM-treatedLFCO

(6) (6) (12)(8)9.5
Â±2.5 10.7 Â±2.7 12.2 Â±3.5 22.7 Â±5.8HFCO
(6) (6) (12)(10)12.2

Â±3.5 13.5 Â±4.5 14.2 Â±4.5 26.3 Â±6.8HFFO
(6) (6) (12)(6)10.9

Â±2.3 9.8 Â±2.8 11.5 Â±3.54 20.9 Â±5.9Saline-treatedLFCO

(6) (6)(6)8.9
Â±2.5 9.2 Â±3.0 13.5 Â±5.2HFCO
(6) (6)(6)9.1

Â±3.2 8.9 Â±2.9 10.9 Â±4.7HFFO
(6) (6)(6)8.2

Â±2.8 9.5 Â±3.2 12.7 Â±3.8

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15@-â€”@a...?â€˜-u!N@..@-.
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densitometric scans of different amounts of COX- I standards was
obtained to quantitate immunoreactive COX-l protein, and the results
are summarized in Table 2. The constitutive levels of COX- 1 were
detectable with COX-l reactive monocbonab antibody in all of the
samples. The levels of COX- 1 expression were increased in colon
tumors from AOM-treated animals administered the LFCO, HFCO, or
HFFO dietary regimen as compared to that in their paired mucosa,
However, the differences between the levebs of Cox- 1 expression in
colon tumors from animals fed the LFCO and HFCO or HFFO diets
were not significant. Similarly, there was no significant difference
between the bevels of COX- 1 expression in cobonic mucosa of AOM
treated animals fed the LFCO and HFCO or HFFO diets and those in
their saline-treated counterparts on the LFCO, HFCO, or HFFO diet,
respectively (Table 2).

Differential Expression of COX-2. A representative immunobbot
analysis of COX-2 expression in tumors and in cobonic mucosa of

AOM-treated animals on different dietary regimens and their vehicle
treated counterparts is shown in Fig. 2B. COX-2 immunoreactivity
with polyclonal anti-COX-2 antibody was not clearly detectable in
colonic mucosa of saline-treated animals given any of the experimen
tal or control diets. In contrast, an immunoreactive doublet in the
range of a Mr 69,00072,000 band, which comigrated with purified
ovine COX-2 Western blot standard, was detected in all tumors and in

most of the cobonic mucosa samples from AOM-treated animals fed
the LFCO, HFCO, or HFFO diet.

A standard curve of integrated absorbance obtained from the laser
densitometnc scan of COX-2 Western blot standards (Fig. 14) was
plotted to determine the quantities of immunoreactive COX-2 protein
(Fig. 3). Table 3 summarizes the results of Western blot analysis for
COX-2 expression levels in cobonic mucosa and in tumors from
AOM-treated animals in all of the dietary groups. Regardless of the
dietary regimen, very bow to undetectable levels of COX-2 protein
were observed in saline (vehicle)-treated animals. AOM treatment
induced COX-2 expression, which exhibited a biphasic elevation
pattern. Colon tumors harvested 36 weeks after the last AOM injec
tion exhibited expression bevels of COX-2 that were twice as high as
in their paired uninvolved mucosa at that time point during tumori

genesis. The HFCO diet resulted in increasingly enhanced levels of

AOM-induced COX-2 expression in cobonic mucosa as compared
with those observed in LFCO or HFFO dietary groups. Similar ob
servations were made in colon tumors. In contrast, administration of
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Fig. 1. Representative immunoblot analysis of COX-l expression. Solubilized panic
ulate fractions ofcolonic mucosa and tumors were resolved by SDS-PAGE, electroblotted
onto the Immobilon-P membrane, and immunodetected using mouse monoclonal anti
COX-l antibody as described in â€œMaterialsand Methods.â€•Lanes 1â€”3.colonic mucosa
from AOM-treated animals; Lanes 4â€”6,tumors from paired animals fed the LFCO.
HFCO, and HFFO diets, respectively; Lanes 7â€”9,colon mucosa from vehicle-treated
animals fed the LFCO. HFCO, and HFFO diets, respectively; Lane C. purified COX- I
protein (positive control); arrow, COX-l bands.

a Values in parentheses represent number of animals or tumors analyzed in that group.

Results are expressed as ng of COX-l protein/mg of microsomal proteins.

expected, the body weights of AOM-treated animals were slightly
lower than those of saline-treated animals due to AOM carcinogenic
ity and consequent tumor burden. Because the objective of this study
was to understand the mechanism by which different types and
amount of dietary fat modulate the process of colon tumor develop
ment, and not to understand the colon tumor outcome, the grossly
visible colon tumors were not subjected to histopathobogical evabua
tion and instead were processed for COX-1 and COX-2 analysis. The
incidence (% animals with tumors) of grossly visible colon tumors in
animals fed the LFCO, HFCO, and HFFO diets was 57, 76, and 40%
respectively, whereas the multiplicity (tumors/animal, expressed as
mean Â± SD) was 0.73 Â± 0.78, 1.38 Â± 1.24, and 0.45 Â± 0.6,
respectively. No tumors were found in vehicle-treated animals.

Expression of COX-1. Fig. 1 is a representative immunoblot dem
onstrating COX-l expression in colon tumors and uninvolved cobonic
mucosa from AOM- and vehicle-treated animals fed the control or
experimental diets. A Mr 70,00072,000 band, which is the reported
molecular weight for COX-l (35), comigrated with purified COX-l
standard. A standard curve of integrated absorbance from the laser

A B
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Fig. 2. Representative immunoblot analysis of COX-2 expression. Solubilized prepa
rations of colonic mucosa and tumors were resolved by extended SDS-PAGE, electro
blotted onto Immobilon-P membrane. and immunodetected using specific rabbit poly
clonal anti-COX 2 antibodies as described in â€œMaterialsand Methods.' A. Lanes 1â€”6.
purified COX-2 protein as Westem blot standards; B. Lsanes7â€”9.colonic mucosa from
AOM-treated animals fed the LFCO. HFCO. and HFFO diets, respectively; Lanes 10â€”12.
colonic mucosa from vehicle-treated animals fed the LFCO, HFCO, and HFFO diets.
respectively; Lanes 13â€”15.colon tumors from AOM-treated animals fed the LFCO,
HFFO, and HFCO diets. respectively: arrow, COX-2 bands. A doublet in mucosa and
tumors may represent glycosylated and unglycosylated COX-2 proteins.
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Table 3 Effects of different types and amount of dietar, faton the expression levels ofAOM.induced Cox-2 during post-initiation phase ofcoloncarcinogenesisExperimental

groupWeeks

after last AOMinjectionâ€•I

Mucosa12 MucosaMucosa36TumorsLFCO(6)

42.0 Â±9.5(6)
(12)

35.8 Â±9.5 62.4 Â±13.2(8) 115 Â±25.2HFCO(6)

45.6 Â± 12.9(6)
(12)

48.2 Â±I i.? 78.7 Â±l5.5@(10) 175 Â±278dHFFO(6)

39.1 Â±8.9(6)
(12)

30.7 Â±79C 45.9 Â±l4.8@e(6) 89.8 Â±l8.9'@
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alent amount of corn oil (rich in omega-6 PUFAs) promoted colon
tumor development (32). Also, the phasic increase in cobonic mucosal
COX-2 expression in AOM-treated animals, especially in the absence
of the tumor-promoting influence of HFCO, further manifests the
multistep characteristics of colon carcinogenesis. Moreover, increas
ingly high levels of AOM-induced COX-2 in the mucosa and a more
than 2-fold difference in COX-2 expression in tumors over that in the
mucosa of animals sacrificed 36 weeks after the last AOM injection in
the LFCO, HFCO, or HFFO dietary groups suggest that this differ
ential expression of COX-2 is closely associated with events leading
to colon tumor development. Therefore, the assay of COX-2 expres
sion may be used to monitor the process of colon carcinogenesis.

The main purpose of this study was to investigate the modulating
effect of different types and amount of dietary fat on the expression of
COX isoforms to provide an understanding of the mechanism by
which dietary lipids influence the process of colon carcinogenesis.
Diverse findings suggest that prostaglandins have a role in the patho
genesis of colon cancer. For example, colon tumors secrete more
prostaglandins than normal colon tissue, and the incidence of colon

cancer is reduced in individuals that take NSAIDs (24, 37). In addi
tion, the byproducts of prostaglandin biosynthesis might be relevant
mutagens (24). Although the key step in prostaglandin production is
catalyzed by COX-l and COX-2 in the same reaction (conversion of
arachidonic acid to PGH,), these isoforms appear to mediate different
biological functions (38, 39). COX-l and COX-2 are also the targets
of the most widely used drugs in human medicine, the NSAIDs. Thus,
there is considerable interest in understanding the physiological roles
of COX isoforms and how to differentially modulate them. COX-l
appears to be constitutively synthesized and is thought to carry out
primarily housekeeping functions at relatively constant levels of cx
pression (40, 41). On the other hand, COX-2 expression is rapidly
induced by growth factors, oncogenes, and tumor promoters (40, 41).
Results of the present study, in which AOM treatment led to a
marginal increase in COX- 1 expression in colon tumors but remained
without any noticeable change in the colonic mucosa while signifi
cantly inducing COX-2 expression both in the colon tumors and in
mucosa, which was further enhanced by HFCO, are in line with these
observations. Our results are also in agreement with recent reports that
demonstrated markedly elevated levels of COX-2 but not COX-l
expression in colorectal adenomas (26, 27, 42), clinically diagnosed
colon cancer (26, 27, 42), and chemically induced colon tumors (43).
However, ours is the first study of this kind to examine the modulating
effects of dietary lipids on COX expression, and no other data are
available for comparison. Recently, Boolbob et a!. (28) demonstrated
in the murine model of familial adenomatous polyposis that subindac,
a NSAID, effectively reversed COX-2 overexpression-associated el
evated levels of PGE2 in histologically normal-appearing intestinal
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Fig. 3. COX-2 standard curve.

HFFO diet resulted in reduced expression of AOM-induced COX-2
both in cobonic mucosa and in colon tumors in comparison with the
LFCO and HFCO dietary groups I2 weeks after the last AOM
injection. These differences of AOM-induced COX-2 expression
levels were more pronounced, both in colonic mucosa and tumors,
when data were compared between HFFO and HFCO dietary
groups (Table 3).

DISCUSSION

To our knowledge, this is the first study to quantitatively demon
strate steady-state levels of COX-l and differential expression of
COX-2 in cobonic mucosa during the postinitiation phases of colon
tumor development. Previous research had shown elevated bevels of
eicosanoids, particularly POE2 and 6-keto PGF10, during initiation
and postinitiation stages of chemically induced colon carcinogenesis
(36). However, the most important finding of this study is that
omega-3 PUFAs, present in fish oil, inhibit AOM-induced expression
of COX-2 and suppress colon tumor development, whereas omega-6
PUFAs, present in corn oil, enhance the levels of AOM-induced
COX-2 expression and enhance the colon tumor outcome. These
results corroborate previous data from our laboratory demonstrating
that high intake of dietary fat in the form of Menhaden oil (rich in
omega-3 PUFAs) significantly lowered the incidence and multiplicity
of AOM-induced colon adenocarcinomas, and ingestion of an equiv

a Values in parentheses represent number of animals or tumors anal@ized in that group. Results are expressed as ng of COX-2 per mg of microsomal proteins.

b Significantly different from LFCO group (P < 0.05). 2p < 0.01 ;@@ < 0.001.
â€˜.Significantly different from LFCO group (P < 0.01).

d Significantly different from LFCO group (P < 0.001).eSignificantlylessthanHFCOgroup(P<0.001).
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mucosa, and this prevented the formation of tumors in these mice. In
the present study, we observed that AOM-treated animals fed the
HFFO diet exhibited reduced levels of COX-2 expression and had
significantly bower tumor incidence and multiplicity, whereas animals
on HFCO diet showed enhanced COX-2 expression and exhibited
increased tumor occurrence.

Subcellular compartmentation analysis has revealed that COX-l
expression is limited to the endoplasmic reticulum, whereas COX-2 is
present and twice as concentrated in nuclear envelope as in the
endoplasmic reticulum (44). It appears that COX-l functions predom
inantly in endoplasmic reticulum and COX-2 in the nuclear envelope,
representing two independently operating prostanoid biosynthetic sys
tems, which produce prostanoids for extracellular housekeeping and
intranuclear differentiative events, respectively. Thus, the nuclear
localization of COX-2 and its inducibility in response to mitogenic
stimuli, oncogenes, and tumor promoters link it to cell proliferation.
Therefore, selective inhibition of COX-2 may provide chemoprotec
tion against coborectal cancer superior to that provided by the present
class of NSAIDs. Results of this study, where HFFO suppressed
COX-2 expression and consequent tumor burden without affecting the
COX- I expression, and previous data from our laboratory, showing
reduced aberrant crypt foci formation by a selective inhibitor of
COX-2 (29), support this contention. It may be noted that nontumor
ous mucosa of AOM-treated rats exhibit focal areas of altered enzyme
activity and dysplastic morphology in foci, suggesting that these
changes are permanent effects of carcinogen treatment (45). Also,
Good et a!. (46) have shown that aberrant crypt foci, the putative
premalignant lesions, are present in rodent colon during chemically
induced colon tumor progression. These premalignant lesions may be
responsible for increased COX-2 expression in the cobonic mucosa of
AOM-treated rats in the present study. In addition, the peroxidase
activity of COX, which catalyzes oxidation of a wide range of
xenobiotics, including several carcinogens, produces oxidized amines
capable of reacting with DNA to produce base adducts that may
mutate critical tumor suppressor genes, thereby leading to neoplastic
development (47). We estimated abundant amount of immunoreactive
COX-2 not only in tumors but also in cobonic mucosa as early as 1
week after the last AOM injection, thus suggesting that COX-2 may
assume an important role in activation pathways by which carcino
gens can be converted to reactive intermediates that mutate DNA.

In conclusion, we have demonstrated that AOM treatment induced
COX-2 expression early in the postinitiation phase of colon carcino
genesis. HFCO administration further enhanced AOM-induced
COX-2 expression and increased the tumor burden, whereas HFFO
reduced COX-2 expression and decreased tumor outcome. These
results, coupled with other animal studies, epidemiobogical observa
tions, and clinical trials suggest that abnormal production of COX-2 is
an early event in the postinitiation phase of colon tumor development
(48, 49). Thus,themetabolicproductsderivedfromits catalytic
function appear to play a determining role in this process. Dietary
and/or pharmacological inhibition of COX-2 function may therefore

provide effective chemoprotection against coborectal cancer. Meas
urement of COX-2 expression may be useful in monitoring the
progress of chemoprevention of coborectal cancer.
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