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INTRODUCTION

Colorectal cancer is the third most common malignant neoplasm

worldwide (1) and the second leading cause of cancer deaths in the
United States (2). Several epidemiological studies have indicated the
influence of lifestyle factors, particularly nutritional factors, on the
development of certain forms of cancers, including the colon carci
nomas (3). Although Lucretius had articulated a possible role of
overnutrition in the etiology of degenerative diseases as early as 50
B.C., it was not until the middle of this century that epidemiological
surveys and studies in experimental animals stimulated tremendous
interest in understanding the relationship between dietary fat and
cancer (4, 5). In recent decades, several case-control, cohort, and
experimental model studies of colon cancer have emerged, indicating
a key role of the amount of dietary fat, especially animal fat or red
meat intake, in the pathogenesis of this neoplasm (6â€”9).Such studies
are consistent with findings that a high-fiber diet and appropriate
consumption of fruits and vegetables are associated with lower rates
of colon cancer in populations throughout the world (7, 10, 11).
Studies in laboratory animals have also provided evidence incrimi
nating the fatty acid composition of dietary fat as a major determinant
of risk for colon cancer (12, 13). Recently, researchers have sought to
identify the relative tumor-modulating capabilities of different types
of dietary fat, such as fish oil and corn oil (14, 15). Corn oil, one of
the important vegetable fats in the United States diet, contains high
levels of omega-6 polyunsaturated fatty acids such as linoleic acid

(c I8:2, n-6) and has been shown to enhance colon tumorigenesis in
rodents (16). In contrast, fish oil, which is rich in omega-3 polyun
saturated fatty acids such as eicosapentanoic acid (c20:5, n-3) or
docosahexanoic acid (c22:6, n-3), displays no such enhancing effect
(I7).InaPhaseII clinicaltrialofpatientswithcolonicpolyps,dietary
fish oil supplements have been shown to inhibit cell proliferation in
the colonic mucosa ( 18). Available data also indicate that consump
tion of dietary fish oil is associated with a suppressed inflammatory
response in patients with rheumatoid arthritis (19) and psoriasis (20),
and with improved survival of animals with endotoxin challenge or
bum injury (21). However, the precise mechanism of fish oil and other
omega-3 polyunsaturated fatty acid-induced anti-inflammatory, anti
tumor, and immunomodulating effects remains largely unknown.

High intake of dietary corn oil and other omega-6 polyunsaturated
fatty acids exhibits dramatically different physiological and metabolic
effects. These include: (a) changes in gut microflora (22); (b) in
creased concentrations of secondary bile acids in the lumen of the
colon (23), which exert toxic effects on the colonic epithelium (9); (c)
increased ornithine decarboxylase activity in the colonic mucosa
resulting in enhanced epithelial polyamine levels, leading to increased
colonic crypt cell proliferation; and (d) increased prostaglandin levels
(24). Recent studies from our laboratory have shown that HFCO3
enhances activities of diverse enzymes, including protein kinases that

3 The abbreviations used are: HFCO, high-fat corn oil; HFFO, high-fat fish oil;
pro-ras, cytosolic precursor; FP1'ase, farnesyl protein transferase; HMG-CoA. hydroxy
methylglutaryl CoA; AOM, azoxymethane; LFCO, low-fat corn oil; AIN, American
Institute of Nutrition; PMSF, phenylmethylsulfonyl fluoride; ECL, enhanced chemilumi
nescence; TBST, Tris-buffered saline containing 0.2% Tween-20.

ABSTRACT

Althoughepidemiologicaland experimentalstudieshave indicateda
strong relationship between types and amount of dietary fat and colon
tumorigenesis, the modulating effects of these nutritional factors at the

molecular level have not been fully elucidated. Transforming proteins
encoded by activated ms genes have been implicated in the etiolo@j of
many human malignancies, including colon cancer. It is now well estab
lished that the transforming ability of ms.p2l critically depends on its
correct localization in plasma membrane. The posttranslational process.
ing of the cytosolic precursor (pro-ras), as it is synthesized in the cyto.
plasm, and its proper anchorage to the cytoplasmic face of plasma mem
brane are determined by an important intermediate metabolite of dietary
fat and an enzyme system that includes farnesyl protein transferase. To
provide an understanding of the molecular basis of the relationship be

tween the types and amount of dietary fat and the transforming function
ofras, especially during the stages of promotion and progression of colon
tumor development, we investigated the effect of various types and
amount of dietary fat on the expression of ms-p21 during azoxymethane
(AOM)-Induced colon carcinogenesis. Male F344 rats were fed the semi
purified American Institute of Nutrition-76A diet containing low-fat corn

oil and were given s.c. injections of AOM dissolved in normal saline at a
dose rate of 15 mgfkg body weight, once weekly, for 2 weeks. Control
animals received s.c. injections of equal volumes of normal saline. Begin
ning 1 day after the second AOM or saline injection, groups of animals
intended for the treatment with different types of high-fat dietary regi
mens were fed the semipurifled American Institute of Nutrltion-76A diets
containing high levels of high-fat corn oil (HFCO) rich in omega.6 fatty
acids or high levels of high-fat fish oil (HFFO) rich in omega-3 fatty acids;
the remaining animals in experimental and control groups were continued
on the low-fat corn oil diet until termination of the experiment. Groups of
animals were sacrificed 1, 12, or 36 weeks after the last AOM or saline
injection, and their colonic mucosa and grossly visible colon tumors from
rats sacrificed 36 weeks after the last AOM injection were analyzed for the
levelsof expressionof ms-p21.We found that AOM induced increasingly
higher levels of ras-p21 expression with advancing stages of colon tumor
development. The HFCO diet resulted in enhanced expression of AOM
induced ,us-p21 as observed 36 weeks after the last AOM injection. In
contrast, feeding the HFFO diet inhibited AOM-induced ms-p2l expres

sion. These results correlate with increased incidence and multiplicity of
grossly visible colon tumors in AOM-treated animals fed a HFCO diet
versus decreased incidence and lower multiplicity of colon tumors in their

counterparts on the HFFO diet. Further analysis of ras-p21 levels in
cytosol and plasma membrane revealed that feeding a HFFO diet resulted
in increasing accumulation of ras-p2l in cytoplasm with a concomitant
decrease in membrane-bound ms.p2l levels as observed in animals sac

riticed 12 and 36 weeks after the last AOM injection. Thus, the dietary
HFCO may promote colon tumorigenesis by increasing nzs-p2l expres
slon, whereas HFFO appears to exert its antitumor activity by interfering
with posttranslational modification and membrane localization of ras-p21.
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TYPES OF DIETARY FAT AND COLONIC RAS-p2I

have been implicated directly or indirectly in colon tumor promotion
and progression, whereas HFFO appears to suppress activities of these
enzymes and reduce the chemically induced colon tumor burden
(25â€”27). It is interesting that these kinases have been shown to
participate in ras-mediated growth-promoting signal transduction
pathways (28).

The ras-p21, a guanine nucleotide-binding 21-kDa protein product
of ras genes that is anchored to the cytoplasmic face of plasma
membrane, functions in the regulation of cell proliferation. Its normal
function is subverted during neoplastic process. In fact, mutated
versions of ras-p2 I are implicated in the etiology of many human
malignancies, including cancer of the colon (29, 30). It is now well
established that the elements critical for ras-p21 function(s) are its
interaction with the guanine nucleotides, guanosine 5'-triphosphate
and guanosine 5'-diphosphate, and its association with plasma mem
brane (3 1). Although the interaction with guanine nucleotides clearly
regulates the on/off state of ras-p21 as a biological switch for signal
transduction pathways, the transforming activity of ras-p2l is criti
cally dependent on its correct localization in the plasma membrane
(32, 33). The ras-p2l is produced as a cytosolic precursor (pro-ras)
that localizes to the plasma membrane after a series of posttransla
tional modifications (34). Willumsen et al. (35, 36) demonstrated that
the cysteine residue of C-terminal CAAX sequence (where C is
cysteine, A is an aliphatic residue, and X represents any residue) of

pro-ras is important for lipid modification, membrane association, and
transformation of cells in culture. The first step in this process
involves the addition of famesyl in a reaction catalyzed by FPTase.
Subsequently, the tripeptide AAX is proteolytically removed, and the
now C-terminal farnesylcysteine is carboxymethylated. Only the far
nesylation reaction is essential for transforming activity of ras onco

proteins (33). Farnesyl is an essential metabolite of mevalonate, which
is an important intermediate of dietary fat metabolism (37). Drug
induced inhibition of biosynthesis of mevalonate, which is also the
precursor of cholesterol and is involved in the production of bile acids,
has been shown to prevent farnesylation of ras-p2 1 and to block cell
growth (38). Nonprocessed, nonfarnesylated mutants of oncogenic
ras-p2 1 that cannot appropriately localize into the plasma membrane
remain no longer transforming and have been shown to display a
dominant inhibitory phenotype to antagonize the activity of mem
brane-bound oncogenic ras-p21 (39).

Different types of dietary fat have been shown to modulate the
activity of HMG-CoA reductase enzyme, which is involved in meva
lonate biosynthesis (40). Despite the apparent importance of ras

activation in colon tumor promotion, which is triggered by diets
containing high amounts of omega-6 fatty acids, the modulating role

of different types of dietary fat on ras expression during promotion
and progression of colon carcinogenesis has received little attention.
It is hypothesized that different types and amounts of lipids may affect
the posttranslational modification of ras-p21 either through famesol
production or influencing the enzymes catalyzing the modification
process, thereby modulating ras-p2l famesylation and membrane
localization, which may lead to differential expression of ras function.
In this study, we have analyzed the influence of different types and
amounts of dietary fat, such as corn oil and fish oil, on ras expression
during promotion and progression of colon carcinogenesis to provide
an understandingof the modulatingeffect of different dietary fats on
colon carcinogenesis at the molecular level.

MATERIALS AND METHODS

Animals, Carcinogen, and Experimental Diets. Weanling male F344 rats
C purchased from Charles River Breeding Laboratories (Kingston, NY).

h oil wasdonatedby the MenhadenOil Refineryof ZapataProteinInc.

(Reedville, VA). The ingredients of semipurified diets were obtained from
Dyets, Inc. (Bethleham, PA). A total of 157 male F344 rats received as

weanlings were quarantined for 7 days; 103 animals were randomly assigned
for AOM treatment, and 54 were designated to receive vehicle treatment. Each
group was then divided into LFCO, HFCO, and HFFO dietary subgroups.
Among the vehicle treatment (control) group, 18 animals were designated for
eachdietarysubgroup,whereasfrom the AOM treatmentgroup,38 animals
were designated to receive LFCO, 33 animals HFCO, and 32 animals HFFO.
Animals were housed in groups of three each in plastic cages with filter tops

in a laboratory maintained under controlled conditions of 21Â°C,50% humidity
in a 12-h light/dark cycle. All animals were fed ad libitum with fresh food
replenishedevery day. AOM (CAS:25843-45-2)was obtained from Ash
Stevens (Detroit, MI).

The composition of experimental diets was based on a modified AIN-76A
diet (13) as shown in Table 1. The HFFO diet was formulated to contain 3%
corn oil to alleviate any essential fatty acid deficiency. The composition of all
experimental diets was adjusted so that the animals in all dietary groups would

receive the same amount ofcalories, protein, vitamins, minerals, and fiber. The

diets were prepared in our laboratory three times per week and were stored in
airtight containers filled with liquid nitrogen in a dark, cold room at 4Â°C.

Aliquots of the experimental diets were analyzed for their fatty acid compo
sition. As expected, the corn oil diet contained high levels of omega-6 fatty

acids such as linoleic acid, whereas the fish oil diet contained increased levels

of docosahexanoic acid and eicosapentanoic acid. The contents of omega-6
fatty acid of HFCO and HFFO diets were 59 and 8%, respectively, and those
of omega-3 fatty acid were 1.2 and 31% respectively. The levels of oleic acid
(n-9) in the HFCO and HFFO diets were 24 and 16%, respectively, and the
total saturated fatty acid levels were 14 and 28%, respectively.

Experimental Procedure. Beginning at 5 weeks of age, all rats were fed
the modified AIN-76A (LFCO) diet. At 7 weeks of age, the animals intended
for carcinogen treatment were given AOM s.c. once weekly for 2 weeks at a
dose rate of 15 mg/kg body weight. The 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 or
HFFO diets were transferred to their respective dietary treatment, whereas the
remaining animals treated with AOM or saline were continued on LFCO diet
until termination of the experiment. Body weights of all the animals were
recorded weekly until 16 weeks of age, and then every 4 weeks until the end

of thestudy.Six animalsfrom eachgrouptreatedwith AOM or salineandfed
the control or experimental diets were sacrificed by CO, euthanasia at weeks
1 and 12, and the remaining animals were killed 36 weeks after the last AOM
or salineinjection.The colonswere rapidly removedand rinsedin ice-cold
normal saline,slit open longitudinally,cleanedwith ice-coldnormalsaline,
and laid flat on a glass plate. Grossly visible colon tumors of larger than 0.3 cm

in size from animals sacrificed 36 weeks after the last AOM injection were
removed. Colonic mucosa that were free of tumors were scraped with a
microscope slide. The snap-frozen samples ofcolonic mucosa and tumors were
stored at â€”80Â°Cuntil used for ras-p2 1 analysis.

Measurement of ,â€˜as-p21Expression. Quantitative estimation of total
ras-p21 was carried out as described (41). For determination of cytosolic and

membrane-bound ras-p2 1, the colonic mucosa and tumors were washed twice

Table I Percentage composition of experimental dietsâ€•

â€˜IThis was formulated based on the AIN standard reference diet with the modification

of varying sources of carbohydrate (13).
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 ( I3).
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Table2 Effectofdifferenttypesand amountsofdietaryfaton bodyweightsof maleF344rats duringpromotionandprogressionstagesof coloncarcinogenesisâ€•Body

weights at weeks after last AOM or salineinjectionExperimental

group 4 8 12 16 20 24 283236AOM-treated

LFCO l27Â±9@' 158Â±9 240Â±11 287Â±13 324Â±16 351Â±20 372Â±16 395Â±18
HFCO 126Â±8 158Â±9 250Â±11 305Â±13 341Â±13 368Â±20 397Â±20 426Â±26
HFFO 126Â±8 157Â±8 254 Â±13 303 Â±17 354 Â±21 386 Â±23 417 Â±27 448 Â±30

Saline-treated
LFCO 127Â±8 162Â±8 253Â±12 307Â±14 326Â±14 354Â±10 378Â±8 404Â±11
HFCO 127Â±7 162Â±11 259Â±24 324Â±14 374Â±22 392Â±23 440Â±33 478Â±38
HFFO 127Â±8 161Â±9 264Â±13 323Â±17 364Â±23 401Â±25 430Â±28 460Â±31391Â±63

446Â±34
457 Â±31

415Â±8
495Â±36

467Â±39a

Animals were administered AOM or saline while on control (LFCO) diet and transferred to experimental diets I week after the last AOM or saline injection.

b Body weights in grams (mean Â±SD).

TYPES OF DIETARY FAT AND COLONIC R4S-p21

in ice-cold PBS and resuspended in PBS-PMSF [10 mM sodium phosphate
buffer (pH 7.2), 100 mi',t NaCI, and 0.2 msi PMSFI containing 0.1 nmi
leupeptin and 0.2 @.tg/mlaprotinin as protease inhibitors. Samples were ho
mogenized on ice, and all the debris and nuclei were removed by centrifugation
at 800 X g for 10 mm at 4Â°C.The supernatants were further centrifuged at
40,000 x g for 30 mm at 4Â°C.The resulting supernatants (cytosolic fractions)
were saved, and the 40,000 X g pellets (membrane fractions) were solubilized
in lysis buffer [10 mM sodium phosphate buffer (pH 7.2), 100 mM NaC1, 10mM
sodium deoxycholate, 1 mMPMSF, and 1% Triton X-l00l containing 0.1 mM
leupeptin and 0.2 g@gof aprotinin, and centrifuged at 40,000 X g for 30 mm at
4Â°C.The clearsupernatantsrepresentingsolubilizedmembranefractionswere
measured 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 by the methods of Laemmli (42) and Towbin et a!.
(43), respectively. Cytosolic and membrane fractions corresponding to 300 @.tg
of protein were solubilized in sample buffer [10% SDS, 600 mr@iTris-HCI (pH
6.7), and 50% glycerol] containing f3-mercaptoethanol and 50 @g/mlbromo
phenol blue. Samples were boiled for 2 mm and resolved by extended dcc
trophoresis on a 12.5% reduced polyacrylamide vertical slab gel with an

overlay of 5% polyacrylamide, along with prestained SDS-PAGE molecular
weight markers and the ras-p2l Western blot standards (Oncogene Science,
Manhasset,NY). Electrophoreticallyresolvedproteinswereelectrotransferred
onto Hybond ECL membrane (Amersham Co., Arlington Heights, IL) in a
Trans-blot Electrophoretic transfer cell (Bio-Rad Laboratories).

Immunodetection and Quantification of nzs-p21 Using ECL After
transblotting the electrophoretically resolved proteins, the blots were blocked
with 5% nonfat dry milk dissolved in TBST. Blots were then incubated with
pan-reactive anti-ras-p21 mouse monoclonal antibody (Ab-2; Oncogene Sci
ence) diluted in TBST containing 0.5% nonfat dry milk. This antibody is
broadly reactive to p21 translational products ofH-, K-, and N-ras genes. Blots
were washed extensively in TBST and reincubated with peroxidase-linked

secondary antibody (antimouse IgG; Amersham) diluted in TBST containing

0.5% nonfat dry milk. The blots were then thoroughly washed in excess TBST
and probed with the ECL Western blot detection system (Amersham) using
reflection autoradiography films (DuPont New England Nuclear, Boston, MA)

according to the manufacturer's instructions. The autoradiograms were
scanned with an Image Master sharp laser densitometric scanner (PDI, Hun
tington, NY), and the peak areas representing ras-p2l bands of both the
standardsaswell asthe sampleswereintegrated.

Statistical Analysis. Body weights and the expression levels of ras-p2l
were compared between animals fed the control and experimental diets. The
data were analyzed using unpaired t test and one-way ANOVA. Differences
were considered statistically significant at P < 0.05.

RESULTS

General Observations. Table 2 presents the body weights of
AOM- and vehicle-treated animals fed the control (LFCO) or exper
imental (HFCO and HFFO) diets. The body weights of animals fed the
control or experimental diets and treated with AOM were comparable
with the body weights of their saline-treated counterparts throughout
the study. However, the body weights gained by animals fed the
LFCO diet were approximately 10% below that of the animals fed the

HFCO or HFFO diets in both the AOM- and saline-treated groups.
Because the objective of this study was to understand the mechanism
by which different types and amounts of dietary fat modulate colon
carcinogenesis during promotion and progression stages, the grossly
visible colon tumors harvested 36 weeks after the last AOM injection
were subjected to analysis of ras-p2l and were not processed for
histopathological evaluation. The grossly visible colon tumor mci
dence (percentage of animals with tumors) in animals fed the LFCO,
HFCO, and HFFO diets was 57, 76, and 40% respectively, and the
colon tumor multiplicity in terms of number of tumors/animal (cx
pressed as the 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.

Western Blot Analysis and Differential Expression of ras-p21.
Fig. I , A and B, demonstrates the representative examples of Western
blot analysis of total as well as cytosolic- and membrane-bound
ras-p2l. The majority of samples exhibited detectable levels of p21
with pan-reactive anti-ras (Ab-2) mouse monoclonal antibody. Ab-2,
which broadly reacts with all the translational products of normal as
well as mutated H-, K-, and N-ras genes, identified a duplet of
ras-p21 species exhibiting differential electrophoretic mobilities.

A standard curve of integrated absorbance from laser densitometric
scans representing ras-p2l Western blot standards was plotted to
determine the quantities of immunoreactive ras-p2l protein in sam
ples (Fig. 2). Table 3 summarizes the results of Western blot analysis
for total amounts, as well as the cytosolic- and membrane-bound
ras-p21 levels in colonic mucosa and in tumors of AOM-treated
animals fed the LFCO, HFCO, and HFFO diets. Regardless of dietary
regimen, very low (background) levels of ras-p21 were detected in
saline (vehicle)-treated animals. AOM treatment induced increasingly
higher levels of mucosal ras-p21 expression with advancing stages of
colon carcinogenesis (1 versus 12 versus 36 weeks) in all dietary
groups. Colon tumors exhibited higher levels of ras-p2l than the
colonic mucosa. The HFCO diet resulted in increasingly enhanced
expression of the colonic mucosal total ras-p2l in AOM-treated
animals compared with that in their counterparts on LFCO or HFFO
diets beginning 12 weeks after the last AOM injection. Similar ob
servations were made in colon tumors. It is interesting that the levels
of membrane-bound ras-p21 in colonic mucosa, as well as in tumors
of animals maintained on the HFFO diet, were significantly lower
than those of animals fed the LFCO or HFCO diets. The levels of
cytosolic ras-p2l in colonic mucosa and in the tumors of animals fed
the HFFO diet were correspondingly higher than those in tissues of
animals fed the LFCO or HFCO diets. This effect was visible only 12
weeks after the last AOM injection. Animals fed the HFFO diet
exhibited increasing levels of cytoplasmic ras-p21 (biologically mac
tive) and decreasing levels of membrane-bound (biologically active)

ras-p2l in a time-dependent manner compared with those fed the
LFCO or HFCO diets. This difference was more pronounced between
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AOM-induced colon adenocarcinomas compared with their counter
parts ingesting an equivalent amount of corn oil containing omega-6
fatty acids (13). We have also shown earlier that chemopreventive
agents, such as piroxicam and difluoromethylornithine, inhibit chem
ically induced colon cancer and suppress ras-p21 expression (44).
Results of the present investigation corroborate our earlier findings.
However, the most significant outcome of this study is that dietary
HFFO, in contrast to HFCO, not only inhibits AOM-induced ras-p2l
expression and the consequent tumor outcome, but also decreases the
levels of membrane-bound (biologically active) ras-p2l while con
comitantly increasing the levels of cytosolic precursor (pro-ras, bio
logically inactive) in a time-dependent manner. In addition, the HFCO
diet enhanced the expression of AOM-induced total as well as mem
brane-bound ras-p2l in comparison to that with the LFCO diet.

Although the role of ras in malignancy is not clear, it is well
established that the association of ras-p21 to the inner surface of the
plasma membrane is an absolute requirement for triggering ras on
cogenicity (31). The trafficking of pro-ras from cytosol to plasma
membrane is facilitated by a series of closely linked posttranslational
modifications, i.e., farnesylation, proteolysis, and carboxymethyla
tion, of which farnesylation, the first and obligatory step signalled by
the consensus C-terminal CAAX motif present on all cytosolic pre
cursors (pro-ras), requires transfer of farnesyl moiety from fame
sylpyrophosphate to Cys of CAAX motif in a reaction catalyzed by
FPTase. Several studies have shown that inhibition of ras farnesyla
tion blocks membrane association of ras-p2 I ; prevents neoplastic
transformation of cells; and causes accumulation of slower-migrating,
unmodified cytoplasmic pro-ras, which display a dominant inhibitory
phenotype and can antagonize the activity of membrane-associated
oncogenic ras-p2l (32, 33, 45â€”47).Although the biochemical basis of
this inhibitory activity is presently unknown, it is believed to result

from the competition for regulatory and/or effector molecule(s) that
are important for ras function. The cellular origin of farnesyl resides

in the mevalonate pathway of cholesterol biosynthesis (37). Pharma
cological inhibition by compactmn and lovastatin of HMG-CoA reduc
tase activity in a rate-limiting step in mevalonate biosynthesis has
resulted in suppression of in vivo tumor growth of ras-transformed
cells, reversal of ras-transformed cells to normal phenotype, and
inhibition of ras-p2 1 membrane association in a dose-dependent man
ncr (45, 46). Mevalonate is an important intermediate metabolite of
dietary fat metabolism and is essential for the biosynthesis of all
isoprenoid compounds, including famesyl PP1-a precursor of choles
terol (37). It is noteworthy that intake of specific types of fat alters

0 2 4 6 8101214161820

ras-p21 standards (ng)
*A per PDIImagemastarcinaftom.ter

Fig. 2. ras-p2l standard curve.
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TYPESOF DIETARY FAT AND COLONIC RAS-p21

A
kDa 1 2 3 4 5 6 7 8 9101112

animals fed the HFFO and HFCO diets, which strongly correlated
with the grossly visible colon tumor outcome. Although there were no
significant differences in the expression levels of cytosolic ras-p2l
between animals on the LFCO and HFCO dietary regimens, the
expression levels of membrane-bound ras-p2l in animals fed HFCO
were significantly higher both in colonic mucosa at 12 and 36 weeks
after the last AOM injection and in colon tumors than in those animals
fed the LFCO diet.

DISCUSSION

The purpose of the present study was to investigate the modulating
effect of types and amount of dietary fat on the expression levels of

ras-p2l to provide an understanding of the molecular basis of the
relationship between the dietary fat and the transforming function of
oncogenic ras during postinitiation phases of colon carcinogenesis.
Results of this experiment demonstrate that the omega-3 fatty acids
present in fish oil inhibit the AOM-induced enhanced expression of
ras-p2 I and suppress colon tumor development, whereas omega-6
fatty acids present in corn oil enhance the levels of AOM-induced
ras-p2l expression and increase the consequent colon tumor outcome.
Previously, data from our laboratory have demonstrated that animals

fed high amounts of dietary fat in the form of Menhaden oil (omega-3
fatty acids) had significantly lower incidence and lower multiplicity of

B
1 2 3 4 5 6 7 8 9 1011121314151617

Fig. I A, Western blot analysis of total ras-p21 expression using pan-reactive anti
ras-p2l mouse monoclonal antibody. Extracts of colonic mucosa or Wmorswere resolved
by SDS-PAGE, electroblotted onto Hybond-ECL membrane, and immunodetected as
described in â€œMaterialsand Methods.â€•Lanes 1â€”6,ras-p21 Western blot standards; Lanes
7, 9. and II, colonic mucosa from AOM-treated animals fed the LFCO, HFCO, or HFFO
diets, respectively; Lanes 8, 10, and 12, colonic mucosa from vehicle controls fed the
LFCO. HFCO, or HFFO diets. respectively; Arrow indicates p-21 bands. B, Western blot
analysisof cytosolic- and membrane-boundras-p21 using pan-reactiveanti-ras-p21
mouse monoclonal antibody. Cytosolic and membrane fractions of colonic mucosa were
resolved by extended SDS-PAGE, electroblotted onto Hybond-ECL membrane, and
immunodetected as described in â€œMaterialsand Methods.â€•Lanes I and 2, ras-p21
Western blot standards; Lanes 3. 4, and 5, equal amounts of cytosolic and membrane
fractions (in terms of their protein contents) of colon tumors (Lanes 3 and 4) and colon
mucosa (Lane 5) from AOM-treated animals fed the HFFO diet were mixed and electra
phoresed;noticetwo differentiallymigratingbands;Lanes6 and 8 and 7 and 9 are
membrane and cytosolic fractions, respectively. of colon mucosa from AOM-treated
animals fed the HFFO diet; Lanes JO and 12, cytosolic fraction, and Lanes 11 and 13,
membrane fractions of colon mucosa from AOM-treated animals fed the LFCO and
HFCO diets, respectively; Lanes 14 and 16, cytosolic fractions, and Lane 15 and 17,
membrane fractions of colon tumors from animals fed the HFCO and LFCO diets,
respectively. Arrow indicates p-2l band.
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Table 3 Effect of different types and amount of dietary fat on expression levels of ras-p2I during different stages ofpronwtion andprogression of coloncarcinogenesisâ€•.

.Animals sacnficed after last AOM
or saline treatmentExperimental

@upsâ€•AOM-treatedSaline-treatedHFFO

LFCOHFCOHFFOLFCOHFCOColonic

mucosaI
week
Cytosolic(6) 0.21 Â±0.1â€•(6) 0.3 Â±0.2(6)

(6)
0.3 Â±0.2(6)(6)Membrane-bound2.4

Â±0.33.1 Â±0.72.2 Â±0.4Total2.8
Â±0.33.6 Â±1.02.2 Â±0.4 0.3 Â±0.10.3 Â±0.10.4 Â±0.212

weeks
Cytosolic
Membrane-bound(6)

0.4 Â±0.3'
5.0 Â±Ã˜7C(6)

0.5 Â±0.3'@
6.2 Â±10d.2(6)

(6)
0.8 Â±04d.J(6)(6)Total5.2

Â±0.8k6.4 Â±l.0@@25.1 Â±0.7' 0.4 Â±0.20.4 Â±0.20.3 Â±0.236weeks

Cytosolic
Membrane-bound(26)

0.7 Â±0.4'
11.9 Â±3.0'(21)

0.6 Â±0.2c
17.2 Â±45d.3(20)

(6)
3.1 Â±12d.3

@@ 2.3â€•@(6)(6)Total12.3

Â±4.5'17.5 Â±38d.39.2 Â±1.5' 0.5 Â±0.20.4 Â±0.20.4 Â±0.2TumorsCytosolic

Membrane-bound0.8
Â±0.5'

24.0 Â±5.2'0.9
Â±0.4'

33.1 Â±80d.26.2
Â±2.2â€•@

12.3 Â±3.8eTotal25.0
Â±6.0'34.5 Â±75d.217.9 Â±6.2'

TYPES OF DIETARY FAT AND COLONIC RAS-p21

a Values in parentheses represent number of animals sacrificed in that group.

b Results are expressed as nanograms of ras-21/mg total proteins; values are mean Â±SD.
c-c Superscripts not sharing the same letter are significant at P < 0.05; 2P < 0.01; 3P < 0.001.

cholesterol biosynthesis (48, 49) and that this variation in the rate of
cholesterol biosynthesis is associated with changes in the activity of
HMG-CoA reductase (40, 49). It is interesting that dietary fish oil has
been shown to significantly inhibit the activity of HMG-CoA reduc
tase (48, 50). It is thus plausible that amount and types of lipids
modulate production of famesyl PP@through HMG-CoA reductase
catalyzed mevalonate biosynthetic pathway and affect farnesylation of
pro-ras. Therefore, high dietary fat intake, such as effected by a
HFCO diet and which increases tumor promotion, may lead to en
hanced farnesylation, whereas a HFFO diet, which decreases tumor
promotion, may do so by inhibiting farnesylation of pro-ras, leading
to a shift toward diminished membrane localization allowing accu
mulation of pro-ras in cytosol, and thereby reducing the function(s) of
ras-p21 . It is also possible that dietary fatty acids or their metabolites
may have an impact on farnesylation of pro-ras by modulating the
activity of FPTase, an enzyme that catalyzes the crucial transfer of
farnesyl moiety to the cysteine residue of CAAX motif of pro-ras
from farnesyl PP1. a cholesterol biosynthesis intermediate. Farnesyl
PP1 and pro-ras polypeptide containing the CAAX motif are the
substrates for FPTase function. Several analogues of farnesyl PP1 and
cell-active CAAX peptidomimetics have been generated as potential
inhibitors of posttranslational processing of pro-ras into ras-p21 (51).
These FPTase inhibitors have demonstrated selective antiproliferative
activity against ras-transformed cells both in cell culture and in
laboratory animal studies (52). Inhibition of ras-p21 membrane
association thus may be a viable molecular approach to cancer
chemoprevention.

In conclusion, the present study has explored for the first time the
modulation of posttranslational modification and membrane associa
tion of ras-p21 as a plausible molecular mechanism for the promotion
of colon tumorigenesis by using different amounts of corn oil and fish
oil in the diet. We have demonstrated that a high percentage of dietary
corn oil promotes chemically induced colon carcinogenesis by facil
itating the posttranslational processing of ras-p2 1, whereas increased
levels of dietary fish oil suppress AOM-induced colon tumor devel
opment by interfering with posttranslational modification and mem
brane association of ras-p2l, thus inhibiting the ras function.
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