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Abstract Most colorectal adenomas and carcinomas arise in the setting of chromosomal instability and progres-
sive loss of heterozygosity. Approximately 15–20% of colorectal neoplasms arise through a distinct genetic pathway
characterized by microsatellite instability (MSI) and frequent loss of expression of one of the DNA mismatch repair
enzymes, most often hMLH1 or hMSH2. These distinct genetic pathways are reflected by differences in tumor
histopathology, distribution in the colon, prognosis, and dwell time required for progression from adenoma to
carcinoma. The molecular and clinical distinctions between these tumors suggest that they are biologically distinct and
may respond differently to therapeutic and chemopreventive agents. Recently, we showed that expression of a putative
chemopreventive target, COX-2, is significantly reduced in colorectal cancers with defective mismatch repair as
assessed by MSI and absent staining for hMLH1 and/or hMSH2. The mechanisms responsible for low COX-2 expression
in tumors with MSI remain unknown, but they may be linked to molecular events giving rise to MSI tumors. Although the
clinical implications of these observations are unknown, the presence of MSI should be considered an important
variable when assessing the efficacy of COX-2 inhibitors in chemoprevention trials. J. Cell. Biochem. Suppl. 34:23–27,
2000. r 2000 Wiley-Liss, Inc.
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Colorectal cancer is the second leading cause
of cancer deaths in the United States [Ameri-
can Cancer Society, 1996]. Because available
drug therapies for colorectal cancer are largely
ineffective, strategies to reduce colorectal can-
cer mortality and mobidity are increasingly fo-
cused toward prevention. While periodic endo-
scopic removal of precancerous colorectal
adenomas is of proven benefit, drugs that pre-
vent formation of adenomas may eventually
provide a noninvasive and safe alternative. In
this regard, nonsteroidal anti-inflammatory
drugs (NSAIDs) show considerable promise.
They effectively reduce polyp burden in cases of
familial adenomatous polyposis (FAP)
[Giardiello et al., 1993] and reduce adenoma
incidence and colon cancer mortality in the
general population [Thun et al., 1991; Logan et

al., 1993]. However, these drugs induce gastro-
intestinal injury and bleeding in a significant
percentage of patients, prompting a search for
safer alternatives.

CYCLOOXYGENASE-2 AND
COLORECTAL CANCER

NSAIDs inhibit cyclooxygenase-1 (COX-1)
and cyclooxygenase-2 (COX-2), which both cata-
lyze the conversion of arachidonic acid to pros-
taglandins [Donnelly and Hawkey, 1997]. Inhi-
bition of cyclooxygenase-1 mediates the adverse
side effects of NSAIDs, including gastrointesti-
nal injury and platelet inhibition. By contrast,
the chemopreventive effects of NSAIDs may be
largely related to inhibition of cyclooxygen-
ase-2 (COX-2). Knockout of the COX-2 gene
significantly suppresses adenoma formation in
APC1/2 mice, a mouse model of FAP that lack
one of the two copies of the adenomatous polypo-
sis coli (APC) gene [Oshima et al., 1996]. Simi-
larly, novel selective COX-2 inhibitors suppress
polyp formation in APC1/2 mice [Roy and Lu,
1997; Oshima et al., 1996] and in azoxymethane-
treated rats [Kawamori et al., 1998]. These
observations suggest that inhibitors of COX-2
may eventually prove themselves as safe and
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effective chemopreventative agents for colorec-
tal adenomas in humans.

COX-2 is ordinarily expressed at very low
levels in the colonic mucosa. However, approxi-
mately 50% of adenomas and 80% of carcino-
mas of the colorectum in humans express high
levels of COX-2 mRNA and protein [Eberhart et
al., 1994; Rigas et al., 1993]. COX-2 levels are
also increased in FAP-associated adenomas in
humans [Giardiello et al., 1997]. Similarly,
COX-2 levels are increased in colonic tumors
azoxymethane-treated rats [DuBois et al.,
1996a] and in APC1/2 mice [Williams et al.,
1996b]. COX-2 activity in implicated is cell
growth, survival, and angiogenesis [DuBois et
al., 1996b; Chan et al., 1998; Tsujii et al., 1998].
Its expression in colorectal neoplasms may
therefore offer a survival advantage. The mo-
lecular events responsible for elevated COX-2
expression in colorectal neoplasms, however,
remain unknown.

Colorectal neoplasms arise through at least
two distinct genetic mechanisms. The majority
(80%) involves chromosomal instability (CIN),
characterized by loss of heterozygosity [Kinzler
and Vogelstein, 1996]. Functional loss of both
APC alleles is among the earliest and most
common molecular events seen in CIN tumors
[Polakis, 1997]. As many as 15–20% of sporadic
colorectal neoplasms, however, arise through
an alternative mechanism involving defective
DNA mismatch repair [Thibodeau et al., 1993;
Marra and Boland, 1995; Eshleman and
Markowitz, 1995]. Defective DNA mismatch re-
pair is characterized by microsatellite instabil-
ity mediated by alterations in one or more of a
family of DNA mismatch repair enzymes. The
predominant enzymes affected in sporadic co-
lon cancers are hMSH2 and hMLH1 [Liu et al.,
1995, 1996; Papadopoulos and Lindblom, 1997].
Compared with most sporadic colorectal can-
cers, those with MSI exhibit improved progno-
sis [Thibodeau et al., 1993; Bubb et al., 1996;
Lothe et al., 1993; Cawkwell et al., 1995; Luk-
ish et al., 1998; Sankila et al., 1996], right-sided
predominance, and distinct histologic features
(cribiform or signet cell histology, and/or numer-
ous tumor infiltrating lymphocytes) [Kim et al.,
1994; Ruschoff et al., 1997; Risio et al., 1996;
Krishna et al., 1997a,b]. These same features
are characteristic of colorectal cancers in heredi-
tary nonpolyposis colon cancer (HNPCC), which
arise in the setting of germline mutations affect-

ing DNA mismatch repair enzymes [Peltomaki
and Vasen, 1997].

LOW COX-2 LEVELS IN TUMORS WITH
DEFECTIVE DNA MISMATCH REPAIR

The molecular, clinical, and pathological dis-
tinctions between CIN and MSI tumors
prompted us to determine if these two groups of
colorectal cancers differ in their expression of
COX-2 (manuscript in review). We examined 53
tumors with no instability (MSS) and 41 tu-
mors with high levels of MSI (MSI-H) affecting
.39% of a minimum of 7 tested loci. Our results
of blinded scoring of immunohistochemical lev-
els of COX-2 in these tumors are summarized
in Table I. COX-2 protein levels were signifi-
cantly lower in MSI tumors than in those with-
out MSI. We speculate that this biological dis-
tinction may have implications related to the
efficacy of COX-2 inhibitors for chemopreven-
tion of colorectal neoplasms that arise in the
setting of defective DNA mismatch repair.

The difference in expression of COX-2 be-
tween MSI and CIN tumors remains unex-
plained but may be related to underlying differ-
ences in their molecular genesis. COX-2 is
tightly regulated at the level of transcription
[Inoue et al., 1995] and mRNA stability [Gou et
al., 1998]. Nuclear extracts of colorectal cancer
cell lines that overexpress COX-2 transactivate
reporter genes under the control of the COX-2
promoter [Kutchera et al., 1996], suggesting
that transcriptional activation is an important
determinant of COX-2 overexpression in colorec-
tal neoplasms. Like most early response genes,
COX-2 transcription is rapidly induced by a
variety of signals, including those stimulated

TABLE I. COX-2 Scores Among MSS
and MSI Tumors*

COX-2
score

Total
N

MSI group

MSS
N(%)

MSI
N(%)

0 25 8 (28) 17 (61)
1 36 18 (43) 18 (43)
2 18 14 (67) 4 (19)
3 16 14 (88) 2 (12)

MSI, microsatellite instability; MSS, microsatellite stabil-
ity.
*Values represent the numbers and percentages of tumors
within each COX-2 score that fell into MSS and MSI groups.
Highly significant trends in the proportion of COX-2 scores
were detected between MSS and MSI groups using Mantel-
Haenszel x2 test for linear trend (P 5 0.001).
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by phorbol esters, transforming growth factor-b
(TGF-b), interleukins and epidermal growth
factor receptor (EGFR) ligands [Sheng et al.,
1997; Williams, DuBois, 1996a]. Both TGF-b
[Derynck et al., 1987] and EGFR ligands [Cia-
rdiello et al., 1991] are frequently expressed by
colorectal adenomas and cancers and therefore
could stimulate constitutive COX-2 expression
through autocrine mechanisms.

COX-2 levels increase coincidentally with loss
of the wild-type APC allele during adenoma
development in APC1/2 mice, suggesting a di-
rect role of APC loss in COX-2 overexpression
[Oshima et al., 1996]. This also could be related
to transcriptional activation. APC loss is associ-
ated with formation of b-catenin/TCF com-
plexes and transactivation of reporters under
the control of Tcf response elements [Korinek et
al., 1997; Morin et al., 1997]. Coincidentally,
the COX-2 promoter is reported to contain TCF-
like response elements [Williams et al., 1997].
These observations raise the interesting possi-
bility that TCF/b-catenin complexes induced by
APC loss may transcriptionally regulate COX-2.

Reduced levels of COX-2 in MSI tumors may
be due to suppression of signals that normal
stimulate COX-2 induction. For example, MSI
tumors frequently have mutations at an insta-
bility locus within the TGFbII receptor gene
resulting in a truncated and nonfunctioning
TGFbII receptor [Parsons et al., 1995; Markow-
itz et al., 1995]. Loss of a receptor for TGF-b
would effectively prevent this potential auto-
crine mechanism of COX-2 induction. Alterna-
tively, epigenic mechanisms that influence the
activity of the COX-2 promoter could be in-
volved. For example, MSI tumors frequently
show hypermethylation of promoters, which ap-
pears to be responsible for reduced expression
of several tumor suppressor genes, including
DNA mismatch repair enzymes hMLH1 and
hMSH2 observed in many MSI tumors [Ahuja
et al., 1997; Kane et al., 1997; Myohanen et al.,
1998; Cunningham et al., 1998]. To date, how-
ever, the methylation state of the COX-2 pro-
moter in MSI tumors remains unknown. Fi-
nally, mechanistic links between APC loss and
COX-2 expression, if they exist, may not play a
role in tumors that arise through defective DNA
mismatch repair, which have a lower incidence
of APC mutations [Olschwang et al., 1997].

The clinical significance of reduced COX-2
expression in MSI tumors is unknown. COX-2
activity may provide survival advantage for

early neoplasms by promoting cell growth, sur-
vival, and angiogenesis [DuBois et al., 1996b;
Chan et al., 1998; Tsujii et al., 1998]. It would
appear that MSI colorectal cancers develop in-
dependent of COX-2 expression. However, re-
duced COX-2 expression in colorectal cancers
with MSI does not necessarily reflect events
during precancerous adenoma stages, and
therefore, may have no bearing on the preven-
tive efficacy of COX-2 inhibitors for adenomas.
Finally, the absence of immunohistochemically
detectable COX-2 does not exclude the possibil-
ity that COX-2 activity may be sufficient to
support the growth and survival of these tu-
mors.

Despite these caveats, our observations raise
an important issue related to the use of COX-2
inhibitors in patients whose tumors arise in the
setting of defective DNA mismatch repair, such
as those with HNPCC. Our observations encour-
age analysis of MSI as an important variable
that may influence efficacy of selective COX-2
inhibitors in future chemoprevention studies.
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