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Fat/fiber interactions on colonic cytokinetics: Relationship
to colon cancer

JR Lupton paD, WCL Chang phD, MY Hong Ms and RS Chapkin PhD

Faculty of Nutrition, Texas A & M University, College Station, Texas, USA

Colon cancer is the second leading cause of death {rom cancer in the USA today and diet is known to play an
important role in both its prevention and promotion. The dietary factors most associated with colon cancer are
fat and fiber. Diets high in fish oil (containing n-3 fatty acids) are considered more protective against colon
tumor development than are corn oil diets (containing n-6 fatty acids). The fiber/fexperimental colon cancer
literature shows that less fermentable fibers (such as wheat bran and cellulose) are more protective than are
highty fermentable fibers such as oat bran, pectin and guar. 1t was therefore hypothesized that the combination
of a fish oil diet with a poorly fermentable fiber (cellulose) should confer maximuny protection from tumor
development. To test that hypothesis, a 2% 2 x 2 factorial design study was conducted using male Sprague
Dawley rats (2 fibers: pectin or cellulose; 2 lipids: fish oil or corn oil; 2 injection protocols: carcinogen or
satine). Surprisingly, the fish oil/pectin diet was most protective against tumor development. Further
experiments showed a synergistic effect of fish oil/pectin which was related to this combination’s ability 1o
initiate apoptosis (programmed cell death) both during the promotion and initiation stages. Also, fish oil
suppiementation decreases cyclooxygenase-2 (Cox-2) expression in ral colonocytes. From these results, it was
concluded that fish oil down-regulates Cox-2 expression which then provides a permissive environment for

butyrate-induced apoptosis o occur,
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Introduction

Colon cancer is the second leading cause of death from
cancer in the USA today and its development is highly
responsive to diet.! The two diet components thought to have
the most significant etfect on colon tumor development are
fat and fiber. Specifically, n-3 polyunsaturated fatty acids
{n-3 PUFA) appear protective against colon cancer in epi-
demiological, clinical and experimental studies?~ These
fatty acids are found in high concentration in fish and fish
oils.

The type of dietary fiber that is the most protective
against colon tomor development remains the subject of
debate. Butyrate, a short chain fatty acid derived in the eolon
from microbial fermentation, promotes differentiation and
apoptosis in a variety of colon tumor cell lines.S These in
vitro findings have resulted in the hypothesis that the more
fermentable fibers should be the most protective against
colon cancer since they produce the highest amounts of
butyrate. However, there is some discrepancy between in
vitro and in vivo studies regarding the efficacy of butyrate.t

For example, we recently showed that wheat bran was
more protective against experimentally induced colon cancer
than was oat bran, despite higher Iwminal levels of butyrate
produced from the oat bran supplemented diet compared with
the wheat bran supplemented diet.” Further, rats fed less fer-
mentable fibers, such as wheat bran or cellulose, and injected
with the experimental colon carcinogens azoxymethane
(AOM) or dimethylhydrazine (DMH) generally have fewer
colon tumors than those fed more fermentable fibers such as
oat bran or pectin.® Whether or not fiber is protective against

colon cancer due to its fermentation to butyrate is an issue
clearly in need of resolution,

In attempting to understand why n-3 fatty acids are more
protective than n-6 fatty acids and less fermentable fibers are
more protective than highly fermentable fibers in the rat
AOM or DMH model, several mechanisms are proposed.
The fatty acid composition of the diet may alter both the con-
centration and the speciation of individual bile acids, some of
which may be more promotive than others.® Colonic epithe-
lial cell membranes may be modified by dietary fat, which in
turn may supply different precursors for prostaglandin syn-
thesis.? Faity acids also differentially affect signal transduc-
tion processes, inchding protein kinase C.10

Perhaps the single most important atiribute of poorly
fermented fibers is their ability to dilute colonic luminal
constituents. We showed a number of years ago, in establish-
ing the rat/fiber/carcinogen model in our laboratory, that
wheat bran was the best in vivo dilutor of the various fibers
tested (pectin, guar, oat bran, cellulose and a fiber free diet),!!
This is important because substances such as carcinogens,
pro-carcinogens and promoters (e.g. bile acids, ammonia,
and long chain fatty acids) would have less access to the
colonic mucosa in a bulky stocl. In addition, less fermentable
fibers form lower amounts of short chain fatty acids (SCFA)
and SCFA have been shown to stimulate colonic epithelial
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cell proliferation whether infused into the rat colon'? or pro-
duced from fiber fermentation.13

Methods
The experimental colon cancer literature suggests that diets
high in n-3 fatty acids are more protective than those high in
n-6 fatty acids, while diets high in poorly fermentable fibers
are more protective than those rich in highly fermentable
fibers. We therefore hypothesized that a combination of fish
oil and cellulose should be more protective than a combina-
tion of corn oil and pectin. To test this hypothesis we con-
ducted a 2 % 2 x 2 factorial design study with two types of fat
{fish oil or corn oil), two fibers (pectin or cellulose) and two
injection protocols (AOM or saline).1* To our surprise, the
most protective diet against tumor development was the fish
oil/pectin diet (Fig. 1).

Since changes in colonic cytokinetics are known to both
precede and accompany colon tumor development, we next
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Figure 1. The combination of fish cil/pectin resuited in a lower propoz-
tion of rats with colon adenocarcinomas than did the combination of
corn oil/cellulose. Bars not sharing a common letter are significantly
different at P-< 0.05. Figure adapted from data in Chang et al., 1997.1
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Figure 2. The combination of fish oil/pectin results in a greater number
of apoptotic cells in the proximal colon of rats than do the other throe
diet combinations. Bars not sharing a common letter are significantly
different at P < 0.03. Figure adapted from data in Chang ez af., 1998.13

determined the effect of the fish/pectin diet on cell prolifera-
tion and programmed cell death (apoptosis). The fish
oil/pectin diet had a greater effect on increasing apoptosis
than it did on decreasing cell protiferation (Fig. 2).'%1% This
is significant because reduced apoptotic ability may imply
increased cancer risk.16 Next, we determined whether or not
the combination of fish oil and pectin might increase apopto-
sis compared with corn oil/pectin at the very earliest stages
of the tumorigenic process. Animals were acclimated to the
facility for 1 week and then provided with experimental diets
for 2 weeks. The diets contained 6% pectin by weight and
either 15% fish oil or corn oil. After 2 weeks, animals were
injected with AOM and terminated 3, 6,9 and 12 h post
injection. Time zero (no injection) was used as the congrol.
Colons were immediately resected, divided into proximal
and distal colon, fixed, embedded in paraffin, and sectioned
for immunochistochemical analysis. DNA damage was
assessed using guantitative immunohistochemical analysis of
Ob-methylguanine adducts. Apoptosis was measured by the
in situ terminal deoxynucleotidyl iransferase assay (TUNEL)
method.

Results and discussion
The combination of fish oil and pectin decreased O®-methyl-
guanine adduct levels throughout the colonic crypt compared
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Figare 3. The fish oil/pectin diet resulted in a lower jevel of DNA
adducts throughout the colonic crypt than did the corn oil/pectin sup-
plemented diet (n = 15 rats/group). Bars not sharing a common Jetter ar¢
significanily different at P < 0.001. '
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Figure 4. The fish oil/pectin dief resulted in a greater apoptotic iﬂﬂCF
throughout the colonic crypt than did the corn oil/pectin diet =1
ratsfgroup). Bars not sharing a commeon letter are significantly di fferen!
at P < 0.05.
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Figure 5. As adduct Jevel increased, the fish oil/pectin supplemented
animals {---) responded by increasing the apoptotic index, In contrast, as
adduct level increased, the corn oil/pectin suppiemented animals (—)
responded by decreasing the apoptotic index. n =15 rats/group;
P <0.03.

with corn oil and pectin (Fig. 3). In addifion, the combination
of fish oil/pectin doubled the apoptotic index in the top one-
third of the crypt compared with com oil/pectin (P < 0.033)
(Fig. 4). Combining the DNA damage data with apoptotic
removal showed a dramatic difference in the response of fish
oil versus corn oil supplemented animals to DNA damage. As
shown in Fig, 3, as adduct level increased, apoptotic index
decreased with corn oil supplementation. The fish oil supple-
mented animals had the opposite response. As adduct Jevel
increased, fish oil animals increased the apoptotic response,
This suggests that fish oil results in an apoptotic response tar-
geted to DNA damaged cells.

Our data, taken collectively, suggest that whether or not a
high-butyrate producing fiber (pectin} compared with a low-
butyrate producing fiber (cellulose) is protective against
colon carcinogenesis depends on the source of dietary lipid.
In addition, the protective mechanism appears to be an up-
regulation of apoptosis, rather than a down-regulation of cell
proliferation. We next explored a possible mechanism for this
fat/fiber interaction on apoptosis. Our working hypothesis
was that the observed enhancement of apoptosis with fish oil
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Figure 6. Rats provided with fish oil and injected with azoxymethane
had a lower level of Cox T expression in colonic mucosa at 18 weeks
Post carcinogen injection than did their comn oil sepplemented counter-
parts (P <0.03). There were 10 animals in each group and Cox-2
expression was determined by western blotting. Bars not sharing a com-
mon letier are significantly different at P < 0.05.

supplementation is due to down-regulation of prostaglandin
H synthase-2 (Cox-2) expression providing a permissive
environment for butyrate-induced apoptosis. Support for this
hypothesis was from several sources. Cox-2 expression is
known to be induced by growth factors, oncogenes, and
tumor promoters.!”18 Cox-2 mRNA levels are markedly
increased in 86% of human colorectal adenocarcinornas, 19
antd fumors have a high level of expression of Cox-2
protein.’-2! Cox-2 is also elevated in most colonic tumors in
azoxymethane-treated rats.2? Inhibition of Cox-2 by a
specific Cox-2 inhibitor (Celecoxib), suppressed the overall
colon tumor burden in a rat AOM model by more than 87% .22

Evidence is accumulating that Cox-2 may inhibit apopto-
sis and thus inhibitors of Cox-2 are apoptosis enhancing.?4 In
& recent report,” rat intestinal epithelial (RIE) cells were
stably transfected with a Cox-2 expression vector orientated
in the sense (RIE-S) or antisense (RIE-AS) direction. The
RIE-S cells expressed elevated Cox-2 protein and were resis-
tant to butyrate-induced apoptosis. The resistance to apopto-
sis was reversed by administration of sulindac sulfide (a
Cox-2 inhibitor). These in vitro data support the concept that
inhibition of Cox-2 expression up-regulates apoptosis, and
that if Cox-2 is over-expressed in rat intestinal epithelial
cells, butyrate does not induce apoptosis.

We have previously shown that fish oil (compared with
corn oil) results in lower levels of mucosal arachidonic-acid
containing phospholipids®26 (arachidonate is the substrate
for Cox-2). A recent report shows that arachidonic acid can
initiate Cox-2 transcription in rat intestinal epithelial cells,??
suggesting that a lower concentration of arachidonic acid
could limit Cox-2 expression. We further showed that pro-
duction of certain products of Cox-2 was also decreased with
fish oil supplementation.? We now show that fish oil resuits
in a lower expression of Cox-2 in rat colonocytes compared
with rats supplemented with corn 0i]2529 {(Fig. 6). This find-
ing is supported by data from another laboratory which also
found down-regulation of Cox-2 expression with fish oil
versus corn o1l 12 weeks after AOM injection.30

Conclusion

There is an interactive effect between fish oil and pectin on
colon tumor development in that fish oil/pectin is more pro-
tective against colon tumors than is corn oil/cellulose, 415
The protective effect of fish oil/pectin is due to an enhance-
ment of apoptosis, rather than to a decrease in cell prolifera-
tion.!3 Fish oilfpectin enhances apoptosis  doring  the
promotion, progression and initiation stages of tumori-
genesis. Fish oil supplementation decreases Cox-2 expres-
sion in rat colonocytes. Pectin supplementation may be
protective by enhancing butyrate production, which in turn
stimulates apoptosis, but only when Cox-2 is down-regu-
lated. If ongoing studies in our laboratory should verify this
hypothesis, part of the dichotomy between in vivo and in
vitro effects of butyrate may be explained. /n vivo, the effect
of butyrate would depend on the type of lipid in the diet.
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