European Journal of Cancer, Vol. 35, No. 6, pp. 892-901, 1999
(© 1999 Elsevier Science Ltd. All rights reserved

Printed in Great Britain

0959-8049/99/$ - see front matter

Pergamon

PII: S0959-8049(99)00054-4

Review

Non Steroidal Anti-inflammatory Drugs and Colorectal
Cancer: is There a Way Forward?

A.K. Kubba

University Department of Surgery, University of Newcastle upon Tyne, U.K.

Non steroidal anti-inflammatory drugs (NSAIDs) have diverse clinical applications through modula-
tion of oxidative processes and cell signalling. Observations that these agents may inhibit human col-
orectal carcinogenesis have produced great excitement. However, comparative data relating to their
chemopreventative effectiveness or to relevant mechanisms of action remains unclear. This review
considers the clinical and epidemiological evidence for colorectal tumour prevention by NSAIDs
against current concepts of drug mechanisms. We also propose areas of further research for potential

therapeutic advancement. © 1999 Elsevier Science Ltd. All rights reserved.
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BACKGROUND

THE EXTRACTION of sodium salicylate from white willow bark
(Salix alba vulgaris)in 1897, represented a major therapeutic
advance in providing one of the most commonly used and
durable drugs for treatment of inflammation and fever [1].
Since that time, clinical applications of non steroidal anti-
inflammatory drugs (NSAIDS) have diversified to include
analgesia and anti-platelet activity.

In more recent years, NSAIDs have been cited as possible
agents for the chemoprevention of colorectal adenomatous
polyps and cancer. Since then, the concept of chemopreven-
tion by NSAIDs has been addressed in epidemiological, clin-
ical, animal and basic science studies [2]. This area of
research shows great promise for reduction of colorectal can-
cer mortality [3,4] but current comprehension is incomplete
and certain reports contradictory.

In this review, available clinical and experimental evidence
pertaining to chemoprotective efficacy and mechanisms of
action of NSAIDs are summarised with a view to evaluating
current scientific principles which might guide further
research or provide a rational strategy for clinical use.

Clinical reports
Interest in the relationship between colon cancer and
NSAIDs was initiated in 1983 by Waddell and colleagues [5]
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who reported the treatment of 4 patients with Gardner syn-
drome (Table 1). One subject had pericarditis secondary to
mediastinal desmoid tumour and was treated with indo-
methicin which resulted in the resolution of pericarditis and
the reduction of the size of the mediastinal tumour. Another
patient with a similar problem who had Gardner syndrome
was treated with sulindac which caused the shrinkage of his
colonic polyps as well as a desmoid tumour.

Giardiello and colleagues [6] conducted a randomised
double-blind controlled trial of 22 patients with Familial
Adenomatous Polyposis (FAP) (18 of whom received no
surgery) to receive placebo or sulindac (150mg bd) for 9
months. They evaluated the number and size of the polyps on
a 3-monthly basis for 12 months and found a reduction in
number (to 44% of baseline) and size (to 35% of baseline) of
colonic polyps. However, 3 months after stopping the treat-
ment, there was a small increase in the number and size of the
polyps in the study group. This suggests that any protective
effect of NSAIDs is not permanent and indeed only lasts
while the patient is taking the drugs.

Keller and colleagues [7] randomised 21 patients with
FAP to sulindac (300 mg/day) or placebo for 3 months. They
found that sulindac significantly decreased the number of
polyps (?<0.01) and reduced the apoptotic ratio in the flat
mucosa of those patients (<0.01). They suggested that
apoptosis may play an important role in the mechanism of
action of these drugs in macroscopic growth inhibition.

Di Sario and colleagues [8] conducted a randomised con-
trolled trial of 40 patients with 4—12 mm recto-sigmoid polyps
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Table 1. Summary of the chinical data on the use of NSAIDs in colorectal cancer

Authors [ref.] Patients (n) NSAID Response rate

Waddell [5] 4 (Gardner’s) Sulindac 100%

Giardiello [6] 22 (FAP) Sulindac 44% of baseline (<0.014)

Keller [7] 10 Sulindac 50% (P<0.01)

Di Sario [8] 40 (24 versus 16 controls) Sulindac Decrease in size (£<0.032)
Adenomas Prevention (< 0.0006)

Von Stolk [9, 10] 17 Sulindac sulfone 11/17 decreased number of polyps

Takayama [11] 11 Sulindac 64% disappeared

Winde [77] 38 Rectal sulindac 78%

but no FAP to placebo, sulindac 150 mg/day and sulindac
300 mg/day. The subjects were treated for 12 months, and
demonstrated that sulindac (both doses) decreased the size of
the polyps (P<0.032) and the number of new polyps
(P<0.0006) in treated patients. The latter two reports are
only available in abstract form and we await the full manu-
script with interest. More recently sulindac sulphone (a
metabolite of sulindac) was given to 9 patients with FAP (in a
randomised controlled trial involving 18 patients) who have
had subtotal colectomy. Three doses of the drug were used
(400 mg, 600 mg and 800 mg per day) for 6 months. They
found that sulphone did not effect proliferation but caused a
significant increase in apoptosis in adenomatous polyps
(P<0.09) [9]. The same group examined the effect of two of
the doses (600 mg and 800mg) on 9 of the 18 randomised
patients and followed them for 24 months. They reported
that 600 mg of sulphone was very well tolerated and caused
the arrest of the expected development of further adenomas
[10].

Takayama and colleagues [11] randomised 20 patients
with aberrant crypt foci of colon to receive Sulindac (300 mg/
day) for 8-12 months (z=11) or control (no treatment,

n=9). They found that the number of foci was significantly
decreased in the treated group (P<0.001).

Epidemiological studies (Table 2)

In 1988 Kune and colleagues [12] questioned (by interview
and completed questionnaire) 715 patients with colorectal
cancer and 727 age/sex matched controls in Melbourne,
Australia. They reported that the relative risk for the devel-
opment of colorectal cancer in individuals using regular
aspirin was 0.53 (P<0.001) and for those using other
NSAIDs was 0.77 (P=0.06). This was only true when the
individuals had used NSAIDs for more than 5 years.

A Californian hospital based case—control study [13] com-
pared 1326 patients who had colorectal cancer with 4891
controls with respect to NSAIDs use. Regular use of NSAIDs
(4 or more times a week) was associated with 50% reduction
in risk of colon cancer. For those who stopped using aspirin
for more than 2 years, the drug afforded them no beneficial
protective effect.

Thun and colleagues [3] followed up 662424 patients
from a cancer screening register in 1982 (average age at
enrolment was 57 years). Six years later, 6.7% of patients had

Table 2. Summary of the epidemiological data on the use of NSAIDs in colorectal cancer risk

Authors [ref.] No. of patients NSAID Relative risk
Kune [12] 715 Ca Aspirin 0.53 (P<0.001)
727 control
Rosenberg [13] 1326 Ca NSAID (> 4/wk) 0.5
4891 control
Thun [3, 20] 662 424 cohort Aspirin (other NSAIDS) 0.58 (0.6)
598 Ca
3058 control
Giovannucci [4] 331 Ca Aspirin (> twice per wk 0.56
89 446 (cohort) only after 10-20 years)
Peleg [14] 97 Ca Aspirin 0.25-0.41 (DD)
97 control Nonaspirin 0.38-0.8 (DD)
Schreinemachers [15] 1257 (all cancers) Aspirin 0.17-0.73

12 668 cohort

Muscat [16] 511 Ca
500 control

Logan [17] 147 Ca
153 controls

Suh [18] 340 Ca
212 polyps

1662 control
793 adenoma
13987 (cohort)
331 Ca
89 446 (cohort)

Greenberg [19]

Paganini-Hill [21]

Gann and colleagues [22] and
Sturmer and colleagues [23]

(Dose-response)

All NSAIDs (>3 wk) 0.36-0.68
All NSAIDs 0.49
All NSAIDs 0.44
0.33
Aspirin 1.5
Aspirin (3.5/wk) 1.03-1.07

DD, dose dependent; Ca, Cancer case.
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died of various causes. They found that the relative risk of
colorectal cancer among those who used aspirin (16 times or
more per month) for at least 1 year was 0.6 and 0.58 for men
and women respectively. Adjustments for family history,
obesity, physical activities and dietary factors did not sig-
nificantly alter the findings but there was a positive dose
response relationship. Giovannucci and colleagues [4]
studied 89446 women participants in health questionnaires
and 331 new cases of colorectal cancer between 1984-1992.
They found that only women who took aspirin (more than
twice weekly) for 10—20 years had a statistically significant
decrease in cancer risk (RR=0.56, P=0.008). The reduction
in risk is most pronounced when subjects took more than 4—6
tablets per week. Other risk factors for colorectal cancer and
the early removal of colonic polyps did not influence the
results.

Peleg and colleagues [14] studied 97/216 patients with
colorectal cancer in one centre from whom they could estab-
lish the use of NSAIDs for 4 years prior to cancer presenta-
tion. They compared these with 97 sex and age matched
controls out of a pool of 388 subjects. They demonstrated a
negative statistical relationship between aspirin (P<0.001)
and other NSAIDs (P<0.019) use and subsequent develop-
ment of colorectal cancer. This relationship was dose depen-
dent but only occurred after a certain threshold in the dosage
of NSAIDs.

A prospective study [15] examined aspirin consumption in
1257 patients with cancers of the lung, breast and colon.
These patients were detected from a 12 year follow up of a
population of 12668 subjects attending a health screening
programme. They found a lower risk of, and mortality from,
colorectal cancer in subjects taking aspirin (OR=0.17-0.73).

Muscat and colleagues [16] reported a case—control study
conducted in five hospitals involving 511 patients with color-
ectal cancer and 500 sex and age matched controls (subjects
were sent a questionnaire and interviewed). NSAIDs use was
defined as usage of three or more times per week for 1 or
more years prior to hospital admission. The prevalence of
drug use was 15% (male) and 8% (female) of patients in the
cancer group versus 20% in the controls. This resulted in a
significant estimated risk reduction of 36 and 68% in men
and women, respectively. NSAIDs use did not effect the site,
side or stage of the tumours. Furthermore no dose or dura-
tion response relationship was found. Logan and colleagues
[17] examined NSAIDs use in 147 cases of colonic adenomas
and 153 age and sex matched controls and followed up these
patients for 7 years. They found that NSAIDs offer sig-
nificant protection from the development of adenomas
(OR=0.49).

Suh and colleagues [18] reported a case—control study,
conducted by questionnaires, review of case notes and tele-
phone enquiries. The study group included 340 patients with
cancer and 212 patients with polyps only. They used 2 con-
trol groups (hospital attender, n =524 and healthy volunteers,
n=1138). Users of aspirin for more than 12 months before
the diagnosis of colorectal cancer or polyp were included in
the study. They found that aspirin use significantly reduced
the risk of colorectal cancer (by 60%) and colonic polyps (by
70%) in a dose dependent manner.

Similar results were reported by Greenberg and colleagues
[19] who examined 793 patients with colonic adenomas and
found regular NSAIDs use to lower the risk of new adenoma
formation at a 12 months follow-up.
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The consensus is that this decreased risk of cancer is due to
reduction in the genesis of colonic polyps [20]. One pro-
spective study from the U.S.A. failed to confirm this assertion
[21]. This involved 13987 cohort of subjects from a Cali-
fornian retirement community taking daily NSAIDs. They
found the relative risk of colorectal cancer to be 1.5 suggest-
ing no protective benefit from using NSAIDs.

An American interventional study [22] giving a group of
22071 healthy male physicians between 40 and 84 years of
age aspirin on alternate days and following them up for 6
years showed no beneficial effects. Recently, this group
reported a follow up study: they offered those who were ran-
domised to aspirin in the original study, the choice of con-
tinuing aspirin intake. Those who self selected continuing
aspirin intake and were followed up for 12 years did not have
a decreased incidence of colorectal cancer when compared to
those who did not receive aspirin [23].

This must be viewed with Giovannucci and colleagues
findings in mind that cancer prevention may only become
evident after 20 years of usage.

To summarise, there is substantial evidence from clinical
and epidemiological data to suggest that the regular long-
term use of NSAIDs has a chemopreventive action against
colorectal polyps and cancer. However, the type of NSAIDs
which is most useful and the dose and duration of usage
required to achieve such effect is not fully established. These
questions are difficult to answer but one can only attempt to
answer them by large multicentre clinical and epidemiological
studies. A challenge yet to be tackled.

Amnimal studies

The Min mouse model is an important development in
colorectal cancer research. It is an experimental model of
FAP. This model has an autosomal dominant heterozygous
for nonsense mutation (converting colon 850 from leucine to
a stop codon) of the mouse Apc tumour suppressor gene
whose inactivation is implicated in the early development of
sporadic colorectal cancer [24, 25]. The Min mouse develops
small intestinal tumours and normally dies of anaemia or
bowel obstruction at approximately 120 days [26]. It is pos-
tulated that this model is closer to cancer in man than che-
mically induced cancer. This is because in man cancer
develops from foci of dysplasia and tumour development is
not secondary to high-doses of genotoxic chemical carcino-
gens and because mutations in the APC gene is encountered
in FAP and some sporadic colorectal cancer [27]. However,
the Min mouse’s main defect is that tumours develop mainly
in the small intestine.

Barnes and colleagues [28] examined the effect of Aspirin
(250 and 500ppm) upon the Apc min/+ (Min) mouse
model. All Min mice but none of the control group (normal
mice) developed gastrointestinal tumours. They found that
aspirin significantly reduced the number and the size of
tumours per mouse. The effect seen with low-dose of aspirin
was similar to that noted after a high-dose suggesting that
low-dose Aspirin may be adequate to achieve chemopreven-
tion. This is supported by previous carcinogen induced
rodent colon cancer studies [29] and epidemiological studies
of colon cancer risk in aspirin users [30].

Jacoby and colleagues [31] treated 8 Min mice with pirox-
icam (50-200ppm). At 6 weeks, the number of tumours
decreased in a dose dependent manner (from 17.3 to 2.1) in
the high-dose of piroxicam (P<0.001) compared with
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Table 3. List of possible mechanisms

(1) The cyclo-oxygenase pathway
Blockage of cyclooxygenase 1, 2 or both
Inhibition of prostaglandin synthesis

(2) Alteration of cell cycle equilibrium
Inhibition of proliferation
Alterations in differentiation
Induction of apoptosis
Arrest of cell cycle transition

(3) Others
Upregulation of tumour suppressor genes and proteins
Down-regulation of tumour promoting genes and proteins
Immune surveillance
Increased production of ceramide
Inhibition of NFkB transcriptional factors

control Min mice. Plasma thromboxane B2 (TXB2) levels
decreased in a parallel manner to tumour multiplicity. It must
be noted that this observation does not prove a cause—effect
relationship and further studies must examine whether
NSAIDs prevent adenomas primarily through cyclo-oxygenase
inhibition.

Boolbol and colleagues [32] conducted a controlled
experiment using 20 Min mice, half of whom were fed sulin-
dac (0.5mg/day) for 110 days when they were sacrified.
Control Min mice had 11.9 tumours per mouse compared
with 0.1 tumour per mouse in the sulindac fed group. Min
mice had greater COX-2 and Prostaglandin E2 (PGEZ2)
expression and a lower apoptotic ratio in non tumour intest-
inal mucosa compared with APC normal mice suggesting
that APC mutation causes alterations in pre-dysplastic tissue.
Treatment with Sulindac returned COX-2 and PGE2 levels
and the apoptotic ratio to baseline. Similar observation of the
effect of Sulindac upon tumour development in the Min
mouse model have been reported by others [33].
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Recently a model of colonic tumorigenesis has been cre-
ated [34] which could facilitate studies of NSAIDs effects
upon colonic carcinogenesis.

In vitro mechanistic studies

NSAIDs may exert effects through a number of potential
mechanisms, though none is yet regarded as predominant.
Potential mechanisms are listed in Table 3. (see Figure 1).

Inhibition of cyclo-oxygenase 1, 2 or both

Sulindac has been the most widely researched drug in stu-
dies examining the relationship between NSAIDs and color-
ectal cancer, partly because of its effective cyclo-oxygenase
inhibition. A large fraction of sulindac is converted into
sulindac sulphide (SUS, 15%) and sulindac sulphone (SOS,
75%) by colonic bacteria (a reduction process which occurs
mostly in the caecum) [35,36] the rest remains unaltered.
Sulindac is a pro-drug that is metabolised to a pharmacolo-
gically active sulphide derivative which patently inhibits
prostaglandin synthesis and sulindac sulphone which does
not. Cyclo-oxygenase (COX) is prostaglandin H synthase
which is the principal enzyme that mediates the formation of
prostanoids (a collective term for prostacyclins, pros-
taglandins (PG) and thromboxanes (TX)) [37]. Cyclo-
oxygenase’s and prostaglandins’ role in carcinogenesis has
been of much interest [2,38]. PG have been shown to
increase cell proliferation [39] and tumour growth [40] and
affect the immune response [41]. Cyclo-oxygenase has two
isoforms, COX-1 and COX-2. The former is expressed in a
variety of cells and tissues [42], whereas the latter is induced
by cytokines, growth factors and tumour promoters [37].

In 21 pairs of surgically excised human colon cancers and
surrounding normal colonic mucosa, Rigas and colleagues
[43] found that the levels of PGE2 were elevated in cancer.
However, the levels of PGF2-alpha, TXA2 and leukotrien
LTB4 were not significantly different between the two
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Figure 1. Possible mechanisms by which NSAIDs exert their chemopreventive effects on tumours.
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groups. Qiao and colleagues [44,45] found that PGs espe-
cially L TB4 increase the proliferation rate of colon cancer cell
lines (HT-29 and HCT-15) without affecting cell cycle or
apoptosis.

Yang and colleagues [46] demonstrated that the levels of
PGE2, PGD2 and 6-keto-PGF 1 alpha of adenomas is sig-
nificantly elevated in a tumour size-dependent manner in
patients with FAP. COX-2 is elevated in adenomas and ade-
nocarcinomas in animal models [47,48] and is increased in
90% of cancers and 40% of adenomas in man [49, 50].

In carcinogen-treated rats, levels of PGE2 in normal
appearing colonic mucosa in cancer-bearing animals are sig-
nificantly higher than controls [51].

In 4 patients with FAP, mucosal PGE2 and thromboxane
B2 levels were higher in non-tumour colonic mucosa com-
pared with 5 normal patients [52] (other prostaglandins
measured did not show a significant difference compared
with control). Treatment of these patients with NSAIDs
resulted in an interpatient heterogeneous response (with
regard to Prostanoids levels) ranging between +19% and
—89% from baseline but the results were most marked for
PGE2 and thromboxane (TXB2). In 1 patient whose PG
level was markedly reduced by sulindac treatment, the patient
developed cancer 3 years after starting sulindac despite the
absence of polypoid adenomatous lesions. This confirms the
in vizro findings of others [53] that in colorectal cancer cell
lines, growth inhibition is not associated with prostaglandin
inhibition. These reports add to the debate on the complex
mechanism of cancer chemoprevention and the role COX
inhibition plays in this process.

THE ROLE OF COX-2, ITS INHIBITION AND
SELECTIVE INHIBITORS

Increased COX-2 expression is thought to be associated
with carcinogenesis. Upregulation of COX-2 leads to resis-
tance to sodium butyrate-induced apoptosis, upregulation of
bcl-2 gene expression and down regulation of E-cadherin
(indicators of potential carcinogenesis) [54]. Cross breeding
of COX-2 gene knockout mice with Apc716 knockout mice
(which normally develop hundreds of intestinal polyps)
results in reduced size and numbers of polyps, thus providing
genetic evidence of the role COX-2 may play in carcinogen-
esis [55].

Sheng and colleagues [56] examined the role of COX-2 in
ras-induced transformation in rat intestinal epithelial cells
(RIE). The H-ras transfected cells developed loss of contact
inhibition, rapid proliferation, decreased growth factor
requirements, resistance to apoptosis and tumour formation
in nude mice. A 9-12-fold increase of COX-2 expression and
2.15-fold increase in PGI2 expression in RIE-ras cells was
found. Treatment with SC-58125 (a selective COX-2
antagonist) significantly inhibited cell proliferation (growth
inhibition of 50-70%) and induced apoptosis both in cell
culture and RIE-Ras tumours in mice.

Ras mutations are found in 38-50% of colonic cancers
[57,58] and the Ras-MAP kinase pathway which is activated
by various growth factors such as TGF-alpha are important
mediators of carcinogenesis making these authors findings
important and useful in indicating a link between ras medi-
ated transformation and COX-2 overexpression. Traditional
NSAIDs have gastrointestinal side-effects that are serious
enough to restrict their use as chemopreventive agents. Side-
effects are thought to be secondary to COX-1 inhibition,
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hence prostaglandin biosynthesis [59], whereas COX-2 is not
detectable under normal physiological circumstances [37] but
is overexpressed in colorectal cancer. Therefore, selective
COZX-2 inhibitors may have very low side-effects [60].

Selective COX-2 inhibitors (MF-tricyclic and SC-58635)
have been shown to inhibit tumour formation in carcinogen-
treated rodents (by 40-49%) [61]. Nimesulide (an analogue
of NS-398) and SC-58635 inhibit the formation of chemi-
cally induced aberrant crypt foci in the rat colon and MF tri-
cyclic suppresses polyp formation in Apc716 mice [62]. Elder
and colleagues [62] found NS-398 had a dose dependent
anti-proliferative effect upon HT-29 and S/KS cell lines. It
induced apoptosis even in cells that do not express COX-2
protein, though cell cycle parameters were unaffected by NS-
398 treatment.

Recently Karamori and colleagues [63] showed that feed-
ing the COX-2 selective NSAID celecoxib (SC-58635) to
rats completely prevented the development of chemically-
induced colon tumours in 93% of treated animals; this inhi-
bition was superior to that encountered with aspirin or sulin-
dac. It would be interesting to determine the COX-2 selective
NSAIDs’ effect upon tumours in the Apc716/COX-2 defi-
cient mice which might clarify the role of COX-2 more
clearly. Apc and COX-2 may be functionally related espe-
cially in the modulation of cell adhesion, tumour progression
and apoptosis [64].

Curiously, recently McCartney and colleagues [65] com-
pared the effect of a conventional NSAID, diclofenic (COX-
1&2 blocker) with selective COX-2 inhibitors (1.745337 and
SC58125) and reported that HT29 cells’ viability was
reduced to a greater extent when using diclofenic, therefore,
shedding doubts about the efficacy of COX-2 blockers in
cancer chemoprevention.

When considering these selective inhibitors in chemopre-
vention, it is important to remember that 15% of human
colorectal cancer and 60% of adenomas do not express the
COX-2 protein [66] and that COX-2 selective inhibitors
induce apoptosis in cancer cell lines lacking detectable COX-
2 protein expression [67].

The future looks promising for COX-2 selective inhibitors
but our clinical experience with these drugs is limited and
more research need to focus on establishing whether these
agents represent an effective and safe option for use in man.

THE NON-COX-2 THEORY

Views on the role of COX-2 in the chemopreventive action
of NSAID differ, and there is evidence that their effects are
independent of COX-2.

Prostaglandin (PGE2) formation (a COX-2 dependent
process) is not decreased by NSAIDs, suggesting an inde-
pendent pathway of action [32, 68].

Thompson and colleagues [69] found that both sulindac
and SOS, which does not inhibit COX 1 or 2 and has no anti-
inflammatory action [70] inhibited the development of carci-
nogen-induced mammary cancer (in mice) in a dose depen-
dent manner, suggesting that the prostaglandin pathway is
not essential in this process.

Piazza and colleagues [71,72] found that both SUS and
SOS inhibited the growth of HT-29 cancer cells, although
SUS was four times more potent than SOS. Neither drug had
a significant effect upon proliferation or cell cycle distribution
of non-proliferating cells, but the fraction of proliferating cells
in the G1 phase increased. Both drugs induced apoptosis in
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approximately 50% of cell population though SUS was 5
times more potent. COX inhibition did not appear to be
necessary or sufficient for the growth inhibitory or apoptotic
effects of these drugs. Although SUS is 500 times stronger in
COX inhibition than SOS, its potency seems to be 4—6-fold
greater than SOS. This may be attributed to the fact that
SUS is more lipophilic which may enhance its membrane
penetration, thereby lowering the effective dose range. The
same group found that the prostaglandin analogue dimethyl-
PGE2 failed to reverse the apoptosis induced by SUS.
Although p53 levels tend to be elevated in apoptotic cells,
they reported that SUS did not induce p53 expression. p53
deficient cells (Saos-2) responded to sulindac metabolites.
These results suggest that apoptosis is important in sulindac
metabolites’ tumour inhibitory effects which seems to occur
in a p53 independent manner.

Chiu and colleagues [73] found that, although sulindac
caused a 95% inhibition in tumour development in Min
Mice, it did not alter PGE2 or leukotriensB4 (ILTB4) levels
in the intestinal mucosa of these animals. Increasing arachi-
donic acid dietary supply to these animals did not increase the
number of developing tumours. Adding sulindac to the ara-
chidonic acid rich diet inhibited the numbers of tumours which
developed without significantly effecting PGE2 or LTB4.

Recently, salicylate [74] and piroxicam [53] induced
apoptosis in a Cox independent manner in colorectal carci-
noma cell lines. In the former study, cancer cells were more
sensitive than adenomatous cells to salicylate and this seems
to be independent of ras status and COX-2 inhibition [74].
This may have an important clinical significance as the aim of
any therapeutic strategy is to destroy abnormal tissue (can-
cer) while sparing the normal.

ALTERATION OF CELL CYCLE EQUILIBRIUM
Alterations in proliferation and differentiation

Cancer develops when the balance between proliferation
and apoptosis is irrevocably disturbed. Shiff and colleagues
[75] demonstrated that both sulindac and sulindac sulphide
reduced the proliferation rate of HT29 cells, caused changes
in their morphology, induced them to accumulate in the G0/
G1 phase of the cell cycle and induced apoptosis. These
responses are time dependent, reversible and are prominent
when the higher concentrations of sulindac (1200 mcMol)
and sulindac sulphide (150-200 mcMol) were used but sul-
fide was 6 times more potent than sulindac itself. Ricchi and
colleagues [76] found that aspirin induced profound inhibi-
tion of cell replication (in human colorectal cancer Caco-2
cell line), this was associated with increased expression of
differentiation markers and a decrease in the growth factor
(insulin like growth factor II mRNA). Apoptosis was only
induced in these cells when using a higher concentration
(>2mM) of aspirin.

Alterations of tumour suppressor/promotor genes

Winde and colleagues [77] showed that sulindac reduces
p53 protein levels and upregulates bcl-2 levels hence pro-
moting apoptosis in rectal specimens taken from patients with
FAP. This is in contradiction to the findings of Piazza and
colleagues. Goldberg and colleagues [78] found Sulindac and
SUS prevented HT29 cells from progressing from the G0/G1
into the S phase. This was associated with an initial rise then
an abrupt decline in the level p34°9°2 protein. These drugs
also decreased mitotic cyclins (A and B1) increased p21Wwafl/
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¢ipl 3 tumour suppressor protein which has a regulatory role
by inhibiting kinase activities of various cyclins, prevented
phosphorylation, inhibited DNA synthesis, decreased the
total level of pRB (retinoblastoma proto-oncogene), with a
relative increase in pRB (unphosphorylated) and reduced the
levels of mutant p53 [79,80]. SUS has also been shown to:
decrease the expression of cyclin B1 and E, increase the
expression of cyclins D1,2 and 3, particularly, in the G1
phase of the cell cycle. SUS induced apoptotic cells expressed
D and E-type cyclins but not cyclin B1 [81]. These changes
are in keeping with the anti-proliferative action of SUS.

Promotion of apoptosis

Apoptosis is a genetically regulated form of cell death. It is
thought to be progressively inhibited in colorectal cancer
[82]. In terms of the relationship between NSAIDs and can-
cer, apoptosis may be involved with many of the possible
mechanisms discussed in this review. Many of the available
NSAIDs have been shown to induce apoptosis in colon can-
cer cell lines in a p53 and APC independent manner
[71,75,78,83].

Arrest of cell cycle

A major way by which NSAIDs may inhibit cell prolifera-
tion is to induce cell cycle quiescence in colonocytes; this
could be achieved by diminished expression of several cyclins
and cyclin dependent kinases and by increased expression of
D-cyclins and the cyclin dependent kinase inhibitor p21WAF1-16,

Arber and colleagues [84] treated parental rat intestinal
cell line (IEC-18) and c-K-ras transformed derivative with
sulindac sulphide (ras oncogenes are thought to regulate
apoptosis [85], H-ras transformed cells are known to have
suppressed apoptosis [86]). Although sulphide at a con-
centration of 100 mcMol/l caused inhibition of cell growth (5-
fold greater than its precursor, sulindac), curiously they
found that sulphide (50 mcMol/l) actually stimulated growth
in two out of the three clones of transformed cells used. They
found that sulphide inhibited cell growth and induced apop-
tosis in a time and dose-dependent manner at a lower con-
centrations in IEC-18 cells compared with c-K-ras cells
(P<0.02-0.05). Treated cells were arrested in the GO0/G1
phase (79 versus 56% in control) but cells entered apoptosis
throughout the cell cycle. The induction of apoptosis by sul-
phide seems to be independent of the p53 status of the cells.
K-ras transformed cells expressed a higher basal level of
cyclin-DI1 than normal cells. Cyclins and cyclin-dependent
kinases play an important role at transition points within the
cell cycle [87,88]. Transformed cells displayed a less marked
decrease in cyclin D1 and cyclin D1 & E1 kinases than con-
trol. These findings point to the view that NSAIDs’ chemo-
preventive action would be more useful before K-ras
mutation occurs (i.e. early in colon carcinogenesis). Further-
more ras transformation increases the cyclo-oxygenase level
and therefore sulindac action upon prostaglandin inhibition
would be more effective before ras transformation.

Qiao and colleagues [89] found that sulphide reduced cell
number, altered cell cycle distribution (increased the propor-
tion of cells in G1 phase) and induced apoptosis in HT-29
and HCT-15 colon cancer cells. At 72h, SUS reduced the
expression of Ki67 (by 61%) and PCNA (by 45%) (an aux-
iliary protein to DNA polymerase delta and is a co-factor for
DNA synthesis and is one of the most reliable markers of
proliferation of colonic tissue).
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Immune surveillance

The expression of antigens such as HLA class I and II is
reduced in colonic adenomas, carcinomas and normal mucosa
in cancer patients [90-92]. This process is thought to occur
early in carcinogenesis leaving an avenue for intervention.
PGE2 reduces the expression of HLLA class II molecules at
the level of gene transcription in colon cancer cell lines [93].
Furthermore NSAIDs can enhance, by transcriptional effect,
the expression of HLLA class II in the HT29 cancer cell line
[94]. NSAIDs may aid the induction of the suppressed HLA
genes in colorectal cancer hence restoring the ability to elim-
inate DNA damaged cells. Further research is needed.

Increased production of ceramide

Chan and colleagues [95] recently reported that colon can-
cer cells (HTC116 and SW 480) treated with NSAIDs had a
dramatic increase in arachidonic acid concentration (2-5-
fold). Arachidonic acid (AA) was found to be a potent inducer
of apoptosis. AA stimulated sphingomylinase which catalyses
the conversion of sphingomylin to ceramide (a potent mediator
of apoptosis). They tested medium (125 mcMol/l) and high
(200 mcMol/l) doses of SUS upon apoptosis using cyclohex-
imide (CHX) as a protein synthesis inhibitor and found that
CHZX was able to inhibit apoptosis at the lower-dose of SUS
but unable to inhibit apoptosis at the higher-dose, suggesting
that SUS can kill cells by apoptosis at low concentration and
by a non-specific toxic effect at higher-doses. They demon-
strated that SUS dramatically stimulated the production of
ceramide (however, it is unknown whether selective COX-2
inhibitors have the same effect). This opens a new avenue for
research into the mechanisms under consideration.

Inhibition of nuclear factor kappa B(NF-kB)

NF-kB is a transcriptional eukaryotic factor family which
plays a central role in various responses leading to host
defence and rapid activation of gene expression [96]. The de-
regulation of NF-kB and its dependent genes have been
associated with a spectrum of pathologies including cancer
[97,98]. Therefore, the activation of NF-kB is seen as a can-
cer key event in the signalling pathway leading to changes of
expression of such genes [99]. These findings make NF-kB a
potential candidate for the modulation of the pathological
processes dependent on it. TNF and some chemotherapeutic
drugs have been found to induce apopotosis more effectively
if NF-kB is inhibited [100], suggesting that NF-kB sup-
presses apoptosis. Therefore, effective therapies dependent
upon apopotosis induction may logically include NF-kB
inhibition. Recently Mayo and colleagues [101] reported that
NF-kB activation is required for preventing apoptosis
induced by overexpression of oncogenic ras suggesting that
NF-kB is important to the activities of certain oncogenes.
Chen and colleagues [102] demonstrated that both aspirin (a
COX inhibitor) and prostaglandin E2 (PGE2) (a down-
stream product of a reaction catalysed by COX) suppressed
silica-induced NF-kB activation in rat alveolar macrophages,
possibly by inhibiting NF-kB degrading enzyme IkB alpha.
Similar findings on aspirin were reported by others [103, 104].

Kazmi and colleagues studied the effects of Tepoxalin (a
dual inhibitor of 5-lipoxyoxygenase (51.LO) and cyclo-
oxygenase). This drug is an anti-inflammatory agent. It is
thought to have tissue selective PGE2 inhibition properties,
and hence no gastrointestinal ulcerogenic effect upon experi-
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mental animals [105]. This agent inhibited NF-kB activities
in Jurkat and Hel.a cells activated with PMA +ionomycin,
H202 or TNF alpha (5ng/ml). The observed activities were
not related to PGE2 or leukotrienes production because 5L.LO
and COX inhibitors did not interfere with NF-kB activation.

Kopp and colleagues [106] demonstrated that aspirin and
sodium salicylate but not acetaminophen (not a PG inhibitor)
nor indomethacin (a PG inhibitor) inhibited the transcription
of cells (after transfection of cells with plasmid containing
two kB sites) and luciferase activity in a dose dependent
manner but a significant effect was only seen in higher-doses.

There is now a renewed interest in the role NF-kB plays in
colon cancer and two early reports [107, 108], suggest that
NF-kB inhibition is associated with increased apoptosis and
decreased proliferation in colon cancer cell lines. We await
with interest results from ongoing work on the role NF-kB
plays in colon cancers in animal and man.

DISCUSSION

Although chemopreventive agents comprise a diverse
group of compounds with different mechanisms of action,
their ultimate ability to induce apoptosis may represent a
unifying concept for their mechanism of action.

Although there is plentiful evidence that NSAIDs can act
independently of COX inhibition, the role the latter play is
far from being fully understood. If COX inhibition is unim-
portant, we are yet to establish why sulindac sulphone is less
powerful than sulphide in causing cell death. If COX inhibi-
tion is essential for cell death, sulphone should have no
effects which is obviously not the case. Further confusion
exists as to whether COX1 does or does not have a role to
play in NSAIDs chemopreventive effects.

The role TP53 and other tumour modulating genes may
play in NSAIDs’ induced chemoprevention is unclear. Con-
tradictory reports exist on whether the observed cellular
changes is dependent or not on ras or TP53 status.

The role NF-kB may play in mediating these changes is yet
to be clarified, but it may represents an important target for
manipulation aimed at modifying the course of disease. Early
in vitro results are encouraging.

There are three potential uses of NSAIDs in colorectal
cancer: chemoprevention, tumour shrinkage and as an adju-
vant to cancer chemotherapy. The first has been the subject
of this review, the second is supported by some reports from
patients with FAP and the third is yet to be explored. Identi-
fying the biochemical pathways by which NSAIDs exert their
chemopreventive effects may reveal new targets for the design
of antineoplastic and chemopreventive agents.

It is worth noting that our current knowledge does not
suggest that NSAIDs can prevent cancer. In a follow up of 10
patients with adenomatous polyps treated with sulindac, ces-
sation of treatment (or prolonged treatment) resulted in
recurrence of polyps. One patient in this group developed
invasive cancer despite being on NSAID [109]. If non-COX-
2 biochemical pathways are involved, then the identification
of these pathways should reveal promising new targets for the
design of antineoplastic agents. Alternatively understanding
how COX-2 inhibition leads to chemoprevention would pro-
vide the rational for the pursuit of new and even more potent
anticancer drugs. Early results [110] indicate that 80 mg of
aspirin inhibits the proliferation of colonocytes in man which
may suggest that the beneficial effects of aspirin used by
patients for its anticoagulant activities may include
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chemoprevention which may in the long-term reduce the
incidence of colorectal cancer.

The side-effects of NSAIDs unfortunately limit their value
in colorectal chemoprevention and necessitate the develop-
ment of safer agents.

The role of NSAIDs in the treatment of patients with
mutated adenomatous polyposis coli gene who do not have
colorectal polyposis, those with hereditary nonpolyposis col-
orectal cancer, and those with sporadic colorectal adenomas
is yet to be clarified.

For cancer prevention, NSAIDs must be effective, have a
reasonable lag phase to produce their effect, have acceptable
or no side-effects and be cost effective. The research into the
effects of NSAIDs is exciting but critical pieces of the jigsaw
are still missing and we need more evidence in man before the
wider use of NSAIDs in chemoprevention of colorectal can-
cer can be recommended.

In conclusion, the way forward in colorectal cancer chemo-
prevention is 4-fold; firstly to clarify and understand the
mechanisms of action of chemopreventive agents in man. This
may be explored by intralesional injection of chemopreventive
agents into polyps or cancers and examining the results. Sec-
ondly to find a safe chemoprotective agent. Thirdly to exam-
ine whether NSAIDs have a beneficial effect upon patients
with treated colorectal cancer (i.e. could a non steroidal be to
colon cancer patients what aspirin had become to many
stroke patients). Fourthly to conduct multicentre large ran-
domised controlled trials with long follow-up of patients.
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