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Abstract Nonsteroidal antiinflammatory drugs (NSAIDs) have considerable potential as chemopre-
ventive agents for colorectal cancer. Recent case-control drug surveillance and large cohort studies found
that patients with regular aspirin use had a reduced incidence of colorectal cancer and/or decreased
death rate from this disease. Several different NSAIDs reduce formation of both colon adenomatous
polyps (the precursor lesion of colon cancer) and cancers in experimental animals given known carcino-
gens. Perhaps most convincing are reports that the NSAID sulindac promotes regression and inhibits
recurrence of adenomatous colon polyps in patients with adenomatous polyposis coli. The best charac-
terized pharmacologic effect of the NSAIDs is their reduction of prostaglandin synthesis by inhibiting
prostaglandin synthetase PGE,, which catalyzes the formation of prostaglandin precursors from arachi-
donic acid. Several lines of evidence are contrary to the concept that inhibition of prostaglandin synthe-
sis is central to the NSAIDs’ chemopreventive effects. Relatively high levels of prostaglandins have been
reported to inhibit tumor cell growth both in vivo and in vitro, and to inhibit differentiation in some
tumor cell lines. We evaluated comparative chemopreventive effects on colon tumor formation in an
azoxymethane (AOM)-induced colon carcinogenesis rat model using the NSAIDs piroxicam, sulindac,
and sulindac sulfone, a metabolite of sulindac which lacks the anti-prostaglandin synthetase activity
typically associated with NSAID-induced gastrointestinal toxicities. The results demonstrate that
sulindac sulfone, a compound lacking anti-prostaglandin synthetase activity, inhibits AOM-induced
colon cancer in rats. Substantial dose-dependent reductions in both tumor burden and tumor multiplic-
ity were observed in the sulindac sulfone-treated animals. Although both piroxicam and sulindac
significantly reduced rat colonic mucosal PGE, levels to less than 50% of their AOM control value, even
the highest dietary concentration of sulindac sulfone had no statistically significant effect on mucosal
PGE, concentrations. These results suggest that NSAIDs do not exert their colon cancer chemoprevention
activities through the inhibition of mucosal prostaglandin synthetase. ~ © 1995 Wiley-Liss, Inc.
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According to recent National Cancer Institute
data, colorectal cancer remains the second lead-
ing cause of cancer death in the United States.
Despite improvements in surgical techniques and
the development of active adjuvant chemother-
apy for advanced disease, five-year cure rates
remain low. The most promising strategies to
reduce colorectal cancer mortality involve devel-
oping improved screening methods and novel
chemopreventive approaches.

Non-steroidal antiinflammatory drugs
(NSAID:s) are the most promising chemopreven-
tive agents for colorectal cancer. Three case-con-
trol drug surveillance studies and one large co-
hort study found that patients with regular aspi-
rin use had a reduced incidence or decreased
death rate from colorectal cancer [1-4]. Further-
more, recently published case-control [5] and
cohort [6] studies show a significantly lower in-
cidence of colorectal adenomas in subjects re-
porting regular aspirin intake. Among patients
enrolled in a randomized trial of antioxidant
vitamins, those who took aspirin regularly had
an appreciably lower probability of having an
adenoma detected at their one year follow-up
colonoscopy [7]; however, in the Physicians’
Health Study [8], regular aspirin use, at a dose
adequate for preventing myocardial infarction,
was not associated with a substantial reduction
in the incidence of either colorectal adenomas or
cancer during five years of randomized treat-
ment follow-up.

A variety of different NSAIDs have reduced
the formation of both colon adenomatous polyps
and cancers in experimental animals adminis-
tered known carcinogens [9-15]. Also, NSAIDs
inhibited the growth and clinical expression of
transplanted tumors and metastatic cancer
spread in animal models [16-20], and potentiated
the antitumor effects of immunotherapy, radio-
therapy and anticancer drug treatment [21-26].

Perhaps the most convincing data concerning
the potential role of NSAIDs as chemopreventive
agents for colorectal adenomas and ultimately
cancer comes from reports that sulindac pro-
motes regression and inhibits recurrence of
adenomatous colon polyps in patients with fa-
milial adenomatous polyposis (FAP) [27-31]. Of

especial interest, a randomized, double-blind,
placebo-controlled study of 22 patients with FAP
performed by Giardiello et al. [30] showed that
sulindac treatment (150 mg orally twice daily for
9 months) was associated with a statistically sig-
nificant decrease in the mean number of polyps
and their mean diameter. When sulindac treat-
ment was stopped at 9 months, the number of
polyps had decreased to 40% of baseline values
and the diameter of the polyps to 35% of base-
line values (p=.01, p<.001, respectively, for com-
parison with changes observed in the placebo
group). Furthermore, three months after treat-
ment with sulindac was terminated, both the
number and the size of the adenomas increased
in sulindac-treated patients.

NSAIDs were first suggested as possible ther-
apy for FAP because they were known to inhibit
intracellular prostaglandin synthetase, and some
colonic tumors had been observed to produce
excessive quantities of prostaglandins [32,33].
Narisawa et al. [34] reported a high level of PGE,
in local venous blood draining colon carcinomas
and in peripheral blood of patients with liver or
lung metastases. Tissue analysis showed a signif-
icantly larger amount of PGE, production in car-
cinoma versus normal colonic mucosal tissue.
These investigators suggested that increased local
blood PGE, could enhance metastasis. We have
performed a rat colon carcinogenesis study to
evaluate whether an NSAID-like compound lack-
ing anfiprostaglandin synthetase activity (e.g.,
sulindac sulfone) is capable of inhibiting colon
tumor growth.

MATERIALS AND METHODS
Animals, Diets and Carcinogen

Male Fisher-344 rats (Harlan Laboratories)
were fed AIN-76A purified rodent diets (Dyets,
Inc., Bethlehem, PA) prior to randomization. Rats
were housed three to a cage at 72°F on a 12-hour
each day/night cycle. Two hundred ten (210)
rats were randomized to seven groups with
azoxymethane (AOM, Sigma Chemicals, St.
Louis, MOQO) administered subcutaneously
(15 mg/g) weekly for two consecutive weeks
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(total, 30 mg/kg). Piroxicam, sulindac and sulin-
dac sulfone were administered in the daily diet
two weeks after first dose of AOM. Rats were
sacrificed by CO, euthanasia at 31 weeks. At au-
topsy, the entire gastrointestinal tract from the
stomach to the anus was removed, cleaned, and
fixed in 10% formalin. Any mass found in the
colon was removed, embedded in paraffin, and
processed by routine histological procedures. The
sections were stained with hematoxylin and
eosin and examined histologically to determine
the tumor type. Neoplasms were classified as
adenomas if there was no evidence of invasion
through the muscularis mucosa. Adenocarcino-
mas ranged from well- to poorly differentiated
malignant tumors invading across the muscularis
mucosa and were frequently mucinous.

PGE, concentrations were assayed by radioim-
munoassay (RIA) in fresh, unfixed colonic mu-
cosa which was placed immediately in indometh-
acin and stored in liquid nitrogen after punch
biopsies were obtained from the distal colon.

Extraction of PGE, from
Colonic Mucosal Biopsies

The frozen biopsies were placed into 1.0 ml of
0.05 M Tris-HCI buffer, pH 7.4, containing 5 mg
indomethacin/ml which instantaneously and
reliably halts in vitro PGE, synthesis. Tissue was
homogenized in a siliconized 5.0 ml glass tissue
grinder for 30 seconds, and 100 pl were removed
for protein determinations. One hundred percent
ethanol (EtOH) (2.0 ml) was added to the
remaining homogenate and allowed to stand for
5 minutes on ice. Distilled water (10.3 ml) was
added to the homogenate (final concentration,
15% EtOH) and the sample was centrifuged 10
minutes at 400 x g at 4°C. The supernatant was
removed and the pH was adjusted to 3.0 with
0.25 M HCL The sample was then applied to a
C18 silica column previously washed with 20 mi
100% EtOH followed by 20 ml distilled water.
The column was rinsed with 20 ml of a 15%
EtOH solution followed by 20 ml petroleum
ether. PGE, was gravity-eluted with 10 ml
methyl formate. The methyl formate was divided
into 4 equal 2.5 ml aliquots, dried under nitro-
gen, and stored at -80°C. Samples were reconsti-
tuted in 0.25 ml assay buffer and assayed for
PGE, content using a Dupont '2’I-PGE, RIA kit.

Statistical Methods

The significance of differences between the
AOM control group and drug-treated groups
with respect to tumor incidence was determined
using Poisson regression analysis. To test the sig-
nificance of differences between AOM control
and drug-treated groups with respect to tumor
burden (the sum of sizes of tumors per rat), an
Analysis of Covariance Model was used;
p-values <.05 were considered statistically signif-
icant. Means are reported * standard error (SE).

RESULTS
NSAID Suppression of Colon Tumors

AOM-control animals had an average of 2.0 +
3.1 colon tumors per animal at study termina-
tion. Piroxicam in a dietary dose of 0.015%
reduced the number of tumors per rat colon to
38.5% of the AOM control. Likewise, sulindac in
a dietary dose of 0.04% reduced the number of
tumors per rat colon to 26.5% of the AOM con-
trol.

Sulindac sulfone treatment resulted in a dose-
dependent reduction of both the total tumor bur-
den (sum of tumor sizes) and the mean number
of tumors per rat colon. A statistically significant
decrease in the number of colon tumors per ani-
mal was observed in animals treated with 0.20%
and 0.10% sulindac sulfone. The number of tu-
mors per animal in the 0.20% sulfone-treated
group was reduced to 21.5% of the AOM control.
Animals treated with the 0.10% dietary dose of
sulindac sulfone also experienced a statistically
significant reduction in tumors (per rat) to 45.0%
of the AOM control.

Inhibitory Effect of NSAIDs
on PGE, Content in Colonic Mucosa

The colonic mucosa of AOM control animals
contained 3.9 * 0.5 ng PGE,/mg protein. Piroxi-
cam (0.015%) significantly reduced the mean
PGE, content to 17.3% of the AOM control. Like-
wise, sulindac (0.04%) reduced the PGE, levels to
40.3% of the AOM control value. In contrast,
neither of the two highest dietary concentrations
of sulindac sulfone was associated with signifi-
cant reductions in PGE, content per rat colon.
For example, the 0.20% dietary dose of sulindac
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sulfone was associated with a non-significant
reduction of PGE, content to 78.6% of the AOM
control (p>.01). Sulindac sulfone in the lower
dietary concentration (0.10%) was associated
with a mean PGE, content that was 105.4% of
the AOM control.

DISCUSSION

The mechanism by which sulindac sulfone
inhibits colon tumorigenesis is unknown, but
does not appear to be mediated only by anti-
prostaglandin synthetase activity. The best char-
acterized pharmacologic effect of the NSAIDs is
to diminish prostaglandin synthesis by inhibiting
prostaglandin synthetase, which catalyzes the
formation of prostaglandin precursors from ara-
chidonic acid. Prostaglandins are potent media-
tors of numerous biological responses and proba-
bly play a role in maintaining cellular viability
and modulating both normal and neoplastic cell
proliferation [32,35,36]. A variety of experimental
animal and human tumors contain and/or syn-
thesize large amounts of prostaglandins [32,33].

Other lines of evidence are contrary to the
concept that inhibition of prostaglandin synthesis
is central to the NSAID colon cancer chemopre-
ventive effect. Relatively high levels of prosta-
glandins have been reported to inhibit tumor cell
growth both in vivo and in vitro and to inhibit
differentiation in some tumor cell lines [32,36-
38]. Exogenous prostaglandins have inhibited
basal mucosal DNA synthesis in colon explants
from animals [39]. DeMello et al. [40] reported
that NSAID concentrations which inhibit cell
growth in rat hepatoma and human fibroblast
cell lines in vitro correlate poorly with concentra-
tions reported to inhibit cyclooxygenase in other
studies. In addition, prostaglandin synthetase
activity was not detected in the rat hepatoma cell
line, and exogenous prostaglandins did not re-
verse the antiproliferative effects of indometha-
cin.

The AOM colon carcinogenesis model has
been useful for studying the inhibition of colonic
neoplasia by a variety of NSAIDs, including
sulindac and piroxicam. In the current study,
sulindac and piroxicam were included as posi-
tive controls at doses shown to be efficacious in
other studies. Our results with sulindac sulfone
are consistent with the concept of DeMello et al.
[40]; tumor growth inhibition by NSAIDs may

not depend on their anti-prostaglandin synthe-
tase activity. Sulindac sulfone, reported to lack
prostaglandin inhibitory activity [41,42] is a me-
tabolite resulting from the irreversible oxidation
of the parent compound, sulindac [41].

Mechanisms postulated to explain the antipro-
liferative/antitumor effects of NSAIDs other than
prostaglandin modulation include the following:
interference with a spectrum of membrane-asso-
ciated processes, including G protein function,
transmembrane calcium flux, and cell-to-cell
binding [43,44]; inhibition of activity of other
enzymes (in addition to cyclooxygenase), includ-
ing phosphodiesterase and cyclic AMP-depen-
dent protein kinase which may be integral to
cancer initiation and promotion [45]; inhibition of
cylooxygenase co-oxidation of non-lipid sub-
strates to carcinogenic derivatives during prosta-
glandin synthesis [46,47]; enhancement of a
multitude of immunological responses which
may have an important role in restoring host
antitumor immunity [48]; and finally mecha-
nisms related to the induction of cellular apop-
tosis.

Of course, the ultimate role of NSAIDs in the
chemoprevention of colon cancer will depend on
the outcome of well-controlled, Phase III clinical
trials. Although sulindac has proven an effective
inhibitor of colorectal polyp growth in FAP
patients, the majority often experience severe
upper gastrointestinal side effects with longterm
use related to its inhibition of prostaglandin
synthetase. The sulfone metabolite of sulindac
appears to lack this enzyme inhibitory activity
and may prove an equally effective, but better
tolerated compound for chronic use in FAP
patients and those individuals with a history of
sporadic colorectal adenomas.
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