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Chemopreventive Effects of Nonsteroidal Antiinflammatory Drugs (NSAIDs)
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Nonsteroidal antiinflammatory drugs (NSAIDs) have considerable potential as chemo-
preventive agents for corolectal 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 precusor lesion of
colon cancer) and cancers in experimental animals given known carcinogen. Perhaps
most convincing are reports that the NSAID, sulindac promotes regression and inhibits
recurrence of adenomatous colon polyps in patients with Familial adenomatous
polyposis. The best characterized pharmacological effect of the NSAIDs is their
reduction of prostaglandin synthesis by inhibiting prostaglandin synthetase, which
catalyzes the formation of prostaglandin precursors from arachidonic acid. Several lines
of evidence are contrary to the concept that inhibition of prostaglandin synthesis is
central to the NSAIDs' chemopreventive effects. Relatively high levels of prostagalndins
have been reported to inhibit tumor cell growth both /n vifro and in vivo, and to inhibit
differentiation in some tumor cell lines. Some of the data reviewed here indicate that
COX inhibition by NSAIDs is indeed required for their chemopreventive effect. However
another body of data make the equally strong case that COX inhibiton is not required
for certain presumed chemopreventive effects of NSAIDs. This multiplicity of NSAIDs,
if confirmed, could in fact explain their high degree of effectiveness in colon cancer
prevention in humans. The great challenge will be to determine which of these or other
yet unknown mechanisms produced the remarkable anticancer effect of NSAIDs, as well
as the relative contribution of each. If and when these key questions are worked out,
then a great deal will have learned about colorectal carcinogenesis.
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Table 1. Modulating effects of dietary exisulind on apop—
tosis in colon tumors
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2SS mE ASALI Ze zIE ZEsSHYch ols
NSAIDsof| o|$t ZA+aM AXM Mo EXO0| ==
HIt HIZ COX-29| &g A 2l= A2 2ojst= A

Experimental group Apoptotic index (%)?

Control diet 5.33%£0.61°
Exisulind, 0.06%" 8.13+0.90%"
Exisulind, 0.12%" 9.50+1.20%?
Exisulind, 0.12%° 4.3740.72

®Apoptotic index represents the percentage of cells ex—
hibiting apoptosis.

PAnimals were given exisulind 2 weeks before, during,
and after carcinogen treatment and until termination of
the study (initiation and postinitiation periods).
‘Mean£SE (n=10).

“Significantly different from the control diet group. ', p
<0.05; 2, p<0.01.

°Animals were given exisulind during beginning 14 weeks
after the second dose of carcinogen until the end of the
study (promotion/progression period) (ref. Reddy et al.,
Cancer res 1999; 59: 3387-3391).
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Fig. 1. Arachidonic acid metabolism by COX isoenzymes.
Phospholipase Az (PLA:) releases arachidonic acid (AA)
from membrane phospholipids, which is in turn converted
by either COX-1 or COX-2 to PGG. (C, cyclooxygenase
catalytic activity of COX) and then to PGH. (P, per—
oxydase catalytic activity of COX). PGH. is converted to
either PGs (e.g., E2, Faq, |2, D2); thromboxane Az (TxA2);
or malondialdehyde (MDA). MDA is a direct-acting
mutagen and carcinogen and can be produced without
COX by direct lipid peroxidation. AA can be converted
directly to 15—(R)-HETE by both COX isoenzymes. COX-
1 is constitutively expressed in most tissues, whereas
COX-2 is induced by cytokines, growth factors, tumor
promoters, or other agents after the initiation of specific
physiological events. Compounds other than PGGg, e.g.,
procarcinogenic hydroperoxides, can serve as substrates
for the peroxidase activity of COX enzymes. Inactive
carcinogens serving as electron acceptors can also
became activated by this activity. The COX isoenzymes
are also involved in the formation of peroxyl radicals that
can activate procarcinogens.*”
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Fig. 2. Model relating AA and ceramide to colorectal
cancer chemoprevention. Mutation of the APC gene
initiates  colorectal tumorigenesis and results in
abnormally decreased apoptosis. Perturbation of lipid
metabolism by pharmacological, dietary, or genetic
means can partially correct the deficits. AA is generated
by cytosolic and secreted phospholipase A2, which
hydrolyzes plasma membrane lipids or lipids derived from
the diet. AA is normally used as a substrate by the COXs
to produce eicosanoids such as prostaglandins. NSAIDs
inhibit the activity of the COXs, which increases the
cellular  pool of AA. AA stimulates neutral
sphingomyelinase activity, which catalyzes the hydrolysis
of sphingomyelin to generate ceramide. Ceramide acts
as second messenger that activates the cellular apoptotic
machinery. The Mom1 gene is a modifier of polyp
formation in the Min mouse, a model for APC
mutation-induced colon tumors. The Mom1 gene
encodes a secreted phospholipase A2, an enzyme
predicted to increase the level of free AA. Inactivating
mutations in Mom1 predispose Min mice to developing
intestinal polyps and would be expected to result in
reduced levels of AA. This in turn could result in
decreased production of ceramide and therefore a
relative resistance to programmed cell death and
increased tumor susceptibility. The lipid compositions of
diets are known to affect colon cancer risk. Diets rich in
unsaturated fatty acids such as AA are associated with
a decreased incidence of colon cancer. This effect could
be due to increased levels of AA and subsequent
increased susceptibility to apoptosis as described
above.
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Table 2. Mechanisms influenced by NSAIDs that may contribute to their antineoplastic effects

COX-dependent

COX-independent

COX-dependence unclear

Cell turnover
proliferation/apoptosis

Carcinogen formation

Angiogenesis

Cell turnover
proliferation/apoptosis

Cell transformation

DNA repair

Angiogenesis

Tumor immunity
Myc transcription
PPAR activation

Ras signal transduction
MAP kinase activation
NF-kB activation

The Table shows the cellular or molecular mechanisms influenced by NSAIDs that may contribute to their antineoplastic
effects, classified in relation to their dependence on inhibition of cyclooxygenase catalytic activity.“)
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