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Cyclooxygenase 2 (COX-2) overexpression has been
described in sporadic colonic neoplasia, but its role
in ulcerative colitis (UC) neoplastic progression re-
mains unexplored. Although the specific role of cy-
clooxygenase in colonic neoplasia is uncertain, its
inhibition by nonsteroidal anti-inflammatory drugs
decreases the risk of sporadic colonic adenocarci-
noma and causes regression of adenomas in familial
adenomatous polyposis. To investigate the role of
COX-2 in UC-associated neoplasia, we assessed COX-2
protein and mRNA expression throughout the spec-
trum of UC-associated neoplastic lesions in four total
colectomy specimens, using immunocytochemistry
and a novel TagMan reverse transcriptase-polymerase
chain reaction assay. The findings were correlated
with DNA ploidy and inflammatory activity. We found
COX-2 overexpression throughout the neoplastic
spectrum in UC (P < 0.0001, R*=0.53), even in dip-
loid samples that were negative for dysplasia. Overall,
neoplastic change explained 53% of the variation in
COX-2 expression, whereas inflammatory activity ex-
plained only 11%. COX-2 was overexpressed in all
aneuploid samples and in 38% of diploid samples
(P = 0.0074). cDNA representational difference anal-
ysis was also performed and revealed that COX-2
mRNA was an up-regulated cDNA representational dif-
ference analysis difference product. COX-2 overex-
pression occurs early in UC-associated neoplasia, and
the increase cannot be explained by inflammatory
activity alone. The data suggest that COX-2-specific
inhibitors may have a chemopreventative role in UC
but the possibility that they could exacerbate UC in-
flammatory activity needs to be tested. (Am J Pathol
2000, 157:737-745)

Cyclooxygenase 1 (COX-1) and cyclooxygenase 2
(COX-2) are cyclooxygenase enzymes that convert ara-
chidonic acid to inflammatory and other physiological
mediators, including prostaglandins, prostacyclin, and
thromboxane.™® COX-1 is constitutively expressed in
most tissues, including the gastrointestinal tract, at a
relatively stable level and is thought to help protect the
gastrointestinal tract from injury.”? COX-2 is an inducible
cyclooxygenase whose production is stimulated by inter-
leukin-1, tumor necrosis factor, and many other media-
tors."? COX-2 is thought to play a role in the reparative
process after mucosal injury in the gastrointestinal
tract.?

Multiple studies suggest that COX-2 plays a role in
sporadic colorectal neoplasia, based on its overexpres-
sion in colonic adenomas and carcinomas, as shown by
both immunohistochemistry and reverse transcriptase-
polymerase chain reaction (RT-PCR).2® Cyclooxygen-
ase inhibitors such as nonsteroidal anti-inflammatory
drugs (NSAIDs) substantially decrease the risk of colo-
rectal cancer, as well as the number and size of adeno-
mas in familial adenomatous polyposis patients.®~8 Ex-
perimentally, NSAIDs prevent colonic adenocarcinoma in
rodents with an familial adenomatous polyposis pheno-
type (the APC min mouse model).®'° Understanding the
role of COX-2 in colonic neoplasia is thus particularly
important because of these therapeutic implications.

Extensive ulcerative colitis (UC) of >8 years’ duration
is an important risk factor for colonic epithelial dysplasia
and adenocarcinoma.'"'2 Neoplastic lesions in UC differ
from sporadic adenomas and carcinomas in that they
generally occur in younger individuals and in flat mucosa
within large fields of genetic abnormalities, rather than as
isolated and visible polypoid lesions.’®'® Nonetheless,
many of the genetic abnormalities observed in sporadic
neoplasms, including alterations in the APC, p53, bcl-2,
and K-ras genes, microsatellite instability, and aneu-
ploidy, among others, are also found in UC neoplasia,
albeit with different prevalence and timing in many in-
stances.’ 2! Because of these similarities and the sig-
nificant role COX-2 has been shown to play in sporadic
colorectal neoplasia, we sought to investigate its poten-
tial role in UC-associated neoplasia. To determine this,
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we examined COX-2 expression at the protein and mRNA
levels on numerous spatially mapped mucosal samples
in total colectomy specimens from UC patients who had
developed dysplasia or carcinoma. We used immunohis-
tochemistry on fixed tissues and a novel 5’-nuclease or
real-time (TagMan) RT-PCR assay on fresh-frozen epithe-
lium that had been isolated from stromal elements. Fi-
nally, COX-2 expression was also studied at the RNA
level in one patient using cDNA representational differ-
ence analysis. Representational difference analysis is a
subtractive hybridization and PCR amplification tech-
nique for detecting genetic differences between tissues
or cells. In this case, we compared COX-2 cDNA in a
sample that was negative for dysplasia to samples that
were either indefinite for dysplasia or had low-grade dys-
plasia. These particular co-expressions were chosen to
examine differences in expression in early UC neoplasia,
where cancer prevention or therapy is most likely to be
effective.

Materials and Methods
Patients and Histology

Total colectomy specimens from four UC patients (1B, 2J,
3S, and 4R) were evaluated at 64 different sites chosen to
represent the entire UC neoplastic spectrum. All patients
underwent resection at the University of Washington
Medical Center for either high-grade dysplasia or adeno-
carcinoma, and all had long-standing, pancolonic UC of
>10-years’ duration. The University of Washington Hu-
man Subjects Division approved this research. The co-
lectomy specimens were mapped histologically in a grid-
like manner as previously described.?® The biopsies
were classified independently by two gastrointestinal pa-
thologists (MPB and RCH) as negative for dysplasia,
indefinite for dysplasia, low-grade dysplasia, high-grade
dysplasia, or invasive carcinoma. Histological criteria
used were those defined by the Inflammatory Bowel Dis-
ease Dysplasia Morphology Study Group, with the ex-
ception that the indefinite category was not subdivided.?>
The degree of active inflammation was assessed semi-
quantitatively in each sample as either inactive (no intra-
epithelial granulocytes), cryptitis only present, one to
three crypt abscesses present per section, more than
three crypt abscesses per section, or as having ulcers/
erosions with granulation tissue.

Immunohistochemistry

Deparaffinized sections were immunostained with a
monoclonal antibody to COX-2 (Cayman Chemicals, Ann
Arbor, MI) at a dilution of 1:1,000. Negative controls
consisted of substitutions of mouse ascites fluid for the
primary antibody. Sections were subjected to heat-in-
duced epitope retrieval using a microwave oven, as pre-
viously described.?® Antigens were localized using a
standard avidin-biotin method with 3,3’-diaminobenzi-
dine as the chromogen and nickel chloride enhance-
ment. The degree of staining was assessed by two pa-
thologists independently and graded semiquantitatively

using criteria previously described:*® 0, no overexpression
of COX-2 in comparison to the normal colonic epithelium
from control patients without UC or other disorders; 1+, mild
overexpression; 2+, moderate overexpression; and 3+,
marked, uniform overexpression of COX-2. Inflammatory
cells within the lamina propria were variably positive and
provided an internal positive control in some areas of all
sections evaluated.

Flow Cytometry

Samples evaluated by flow cytometry were selected pri-
marily from histologically abnormal areas, although areas
with negative histology were also included. The biopsies
for flow cytometry were obtained fresh and cryopre-
served as previously described.?® Nuclear isolation,
staining, and flow cytometric analysis of DNA-content
histograms were also performed as previously de-
scribed.?®

Epithelial Isolation and mRNA Preparation for
TagMan RT-PCR

Epithelial cells were isolated from biopsies by the follow-
ing method: the submucosal side of biopsy specimens
was affixed to the end of a 2.5-mm diameter wooden stick
with cyanoacrylate glue, and then soaked for 5 minutes in
Hanks’ buffer with 20 mmol/L dithiothreitol/5 mmol/L eth-
ylenediaminetetraacetic acid at 4°C. Samples were trans-
ferred to 2 ml of shaking solution (Hanks’ buffer with 20
mmol/L dithiothreitol/5 mmol/L CaCl,/5 mmol/L MgCl,/
10% DMSO at 4°C) and vortexed for 5 seconds, after
which the stick with residual stroma was removed. Stain-
ing with anti-cytokeratin antibody confirmed that the cells
in suspension at the end of this procedure were >90%
pure epithelial. RNA isolation was done using TRIzol (Life
Technologies, Inc., Rockville, MD).

TagMan RT-PCR

This assay utilizes the 5'—3" exonuclease activity of the
thermostable T. aquaticus DNA polymerase during PCR
to degrade an oligonucleotide probe complementary to
an internal (nonprimer) sequence within the PCR tem-
plate of interest.?” Fluorogenic probes are used that con-
tain a 5’ fluorescent reporter group and a 3’ quencher
group.?”?8 When perfectly matched, the probe is de-
graded by the Tag exonuclease, resulting in separation of
reporter from quencher and increased fluorescent emis-
sion from the reaction. Mismatched probes are not de-
graded by the Tag polymerase, with no corresponding
increase in fluorescence. The threshold cycle number is
determined on a thermal cycling fluorimeter and is used
to quantitate the presence of the sequence of interest. In
an optimized PCR system, the threshold cycle decreases
by one cycle as the concentration of template doubles.

Exonic primers flanking intron 5 of the human COX-2
gene (PTGS-2; GB No. D28235) were designed for RT-
PCR to produce 204- and 918-bp products in cDNA and



Table 1. COX-2 TagMan RT-PCR Primers, Probe Sequence, Location
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Primer/probe Sequence Exon Nucleotides
Sense primer 5'GCC TTC TCTAACCTC TCC Exon4 3876-3893
a-Sense primer 5'CTGATGCGTGAAGTGC Exon5 4679-4694
TagMan probe 5'"FAMAGCCCTTCCTCC TG-MGB Exon4 3905-3918

Abbreviations: FAM, 6-carboxyfluorescein; MGB, minor groove binder.

genomic DNA, respectively. The probe oligonucleotide
was labeled at the 5’ end with the fluorescent dye FAM
(6-carboxy-fluorescein) and modified at the 3’ end with a
quencher-minor groove binder ligand. The minor groove
binder stabilizes probe-template annealing and allows
use of shorter probes with better sequence specificity
and lower fluorescent background.?® Assessment of
B-actin RNA for quality and normalization was done with
the TagMan B-actin Control Reagent kit (Perkin-Elmer-
Cetus, Emeryville, CA), which utilizes standard TagMan
probe chemistry. The COX-2 primer and probe se-
quences and their locations are shown in Table 1.

One microgram of all RNAs and control genomic DNA
was DNase treated before RT-PCR to eliminate DNA
contamination. All RT-PCR reactions used the Titan One-
Tube RT-PCR System (Boehringer Mannheim, Indianap-
olis, IN) and were done in triplicate (COX-2) and dupli-
cate (B-actin) sets. Each RT-PCR reaction contained: 100
ng total RNA (or DNA controls), 200 umol/L dNTPs, 0.4
pmol/L primers, 0.1 umol/L COX-2 or 0.04 umol/L B-actin
probe, 1.5 mmol/L MgCl,, 5 mmol/L dithiothreitol, 5 U of
RNase inhibitor, 1X RT-PCR buffer, and the AMV RT and
Tag polymerase enzymes provided with the kit. For RT,
reactions were incubated at 55°C for 30 minutes followed
by 3 minutes at 95°C, then 40 cycles of 94°C to 62°C for
PCR. All reactions were performed and analyzed with an
ABI 5700 Sequence Detection System, which monitors
fluorescence increase at each cycle of the PCR reaction.

Representational Difference Analysis

Driver and tester pairs of varying histological grades
were selected from UC colon 2J and were matched for
degree of inflammation. RNA was isolated from colonic
epithelium by the guanidine isothiocyanate method
(Stratagene, La Jolla, CA) and cDNA was prepared using
a cDNA synthesis kit (Roche Biochemicals, Indianapolis,
IN). cDNA representational difference analysis was per-
formed as previously described.??:%° After four rounds of
hybridization/amplification, the discrete difference prod-
ucts were isolated for further analysis through subcloning
and direct sequencing. Sequences were then compared
against a database for homology to known genes with a
BLAST search (http://www.ncbi.nim.nih.gov/blast/).

Statistical Analysis

COX-2 overexpression was compared among the five
histological diagnoses by the Kruskal-Wallis rank test.
The association of COX-2 overexpression with inflamma-
tion was examined via Pearson correlation coefficient and
a linear regression model. The association of COX-2

overexpression and aneuploidy was examined via a lo-
gistic regression model. The association of COX-2 ex-
pression at the RNA versus protein levels, as assessed by
TagMan RT-PCR and immunohistochemistry, respec-
tively, was assessed by the Spearman and Pearson cor-
relation coefficients. Each model was adjusted for the
potential effect of patient. All tests were two-sided.

Results

COX-2 Immunohistochemistry

COX-2 immunohistochemistry showed moderate®™ to
marked®* diffuse cytoplasmic overexpression in all of the
biopsies with dysplasia, regardless of grade (Figure 1).
The expression of COX-2 in dysplastic lesions (low-grade
dysplasia and high-grade dysplasia) was present in most
(>90%) of the cells (Figure 2,C and D). The expression of
COX-2 was not uniform, however, in adenocarcinoma
(Figure 2, E-H). Although some foci of adenocarcinoma
had marked and uniform overexpression of COX-2, oth-
ers showed staining in only 50% of the cells (Figure 2, E
and F), and one section of adenocarcinoma had no over-
expression (Figure 2, G and H). The high-grade dysplas-
tic epithelium overlying this negative carcinoma focus
and carcinoma elsewhere in the same colon showed
marked overexpression of COX-2 (Figure 1, UC colon
3S). The proportion of sites that had at least 1+ COX-2
overexpression was 83%, 100%, 100%, 60%, and 25%
for the adenocarcinoma, high-grade dysplasia, low-
grade dysplasia, indefinite, and negative for dysplasia
categories, respectively (P < 0.0001, R? = 0.53). Overall,
neoplastic change explained 53% of the variation in
COX-2 expression. Specifically, 15 of 25 samples (60%)
that were indefinite for dysplasia showed 1+ to 2+ over-
expression of COX-2 and five of 20 samples (25%) that
were negative for dysplasia also showed 1+ to 2+ over-
expression (Figure 2, A and B). The distribution within
individual colonic crypts of COX-2 staining was variable,
and revealed no consistent localization to either the crypt
base, mid-crypt, or surface epithelial regions.

COX-2 RNA Results

COX-2 RNA analysis by TagMan RT-PCR was performed
on eight UC mucosal samples from three of the UC
patients at sites also examined by immunohistochemistry
and within three different non-UC controls. The controls
consisted of two sporadic colonic adenocarcinomas and
their matched distant normal colonic mucosa both from
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Figure 1. Distribution of COX-2, dysplasia, inflammation, and DNA ploidy in UC colectomy specimens.

two different patients, along with another normal colonic
mucosal sample from a third patient with diverticular
disease. All negative control PCR reactions without
added RNA, included in all experiments to control for
possible reagent contamination by template, showed no
fluorescent signal. DNase-treated samples showed sig-
nificantly less fluorescent signal than nontreated controls,
indicating that genomic DNA contamination was present
in all starting RNA preparations, and that DNase treat-
ment before TagMan RT-PCR analysis was required for
specific determination of RNA expression.

The TagMan RT-PCR RNA and immunohistochemical
protein expression data on the eight examined UC sites
and non-UC controls are shown in Table 2 and in the
spatial colonic maps in Figure 1. The regression analysis
of this RNA versus protein data are graphed in Figure 3.

There was a strong positive correlation (Pearson correla-
tion, 0.97; Spearman correlation, 0.74).

cDNA-representational difference analysis revealed
COX-2 to be an up-regulated difference product \, when
a site negative for dysplasia was used as a driver against
tester sites that were indefinite for dysplasia or had low-
grade dysplasia. Again, these sites had equivalent in-
flammation scores.

All aneuploid samples (n = 8) showed COX-2 overex-
pression, compared to 38% (6 of 16) of diploid samples
(P = 0.0074). Aneuploidy usually corresponded to neo-
plastic foci (four cancer sites, two dysplastic sites, versus
one indefinite and one negative site) (Figure 1); however,
six diploid neoplastic sites (four indefinite, one high-
grade dysplasia, and one cancer) also showed overex-
pression (Figure 1).
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Figure 2. COX-2 immunohistochemistry (right) throughout UC-associated neoplasia (left). A: UC mucosa that is negative for dysplasia and without active
inflammation (H&E, X115). B: COX-2-positive immunostaining (black reaction product against green counterstain) on parallel section to A. Note the focal 2+
positivity at the epithelial surface and scattered positive internal control lymphocytes. Other negative for dysplasia sites demonstrated crypt-only immunopositivity
(not shown). (Immunocytochemical DAB/nickel chloride with methyl green counterstain, X115.) C: UC mucosa with low-grade dysplasia and no active
inflammation (H&E, X60). D: COX-2-positive immunostaining (black reaction product against green counterstain) on parallel section to C. (Immunocytochemical
DAB/nickel chloride with methyl green counterstain, X60.) E: UC adenocarcinoma, poorly differentiated (H&E, X 115). F: COX-2-positive immunostaining (black
reaction product against green counterstain) on parallel section to E adenocarcinoma; note that only ~50% of carcinoma cells are positive. (Immunocytochemical
DAB/nickel chloride with methyl green counterstain, X115.) G: UC adenocarcinoma, poorly differentiated (H&E, X230). H: COX-2-positive immunostaining
(black reaction product against green counterstain) on parallel section to G adenocarcinoma; note that the carcinoma is negative for COX-2 and that internal
control lymphocytes (arrow) are positive. (Immunocytochemical DAB/nickel chloride with methyl green counterstain, X230.)
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Table 2. COX-2 Immunohistochemical and TagMan RT-PCR Results

COX-2 RNA
Patient Histology Inflammation COX-2 IHC PCR C+*
ucC-1B IND 2+ 1+ focal 40t
uC-1B NEG 0 0 40
ucC-1B IND 2+ 1+ focal 35.3
ucC-1B NEG 0 1+ 34.7
ucC-2s IND 2+ 1+ focal 38.3
ucC-2s IND 3+ 1+ focal 40
UC-4R NEG 0 0 40
UC-4R IND 0 0 40
Control 1a CA sporadic-1 0 3+ 26.4
Control 1b N1 colon-1 0 0 40
Control 2a CA sporadic-2 0 3+ 26.4
Control 2b N1 colon-2 0 0 39.8
Control 3 N1 colon 0 0 40

*Cy refers to the TagMan ABI RT-PCR cycle that produced fluorescent signal above the threshold level.
TCycle number 40 is the maximum cycle number generated, and indicates absence of RNA in the starting sample. Cycle numbers progressively
less than 40 indicate the cycle number where generated fluorescent signal crossed the threshold. Lower cycle numbers reflect more RNA in the

starting sample. One cycle decrease indicates doubling of RNA template.

Abbreviations: NEG, negative for dysplasia; IND, indefinite for dysplasia; CA, carcinoma; N1, matched normal colonic mucosa from the same

patient as the carcinoma with the same number.

Inflammation score: O, inactive, 1+, cryptitis; 2+, crypt abscess; 3+, more than 3 crypt abscesses/section; 4+, granulation tissue. COX-2 score: 0,

none; 1+, mild; 2+, moderate; 3+, marked overexpression.

Of the 36 samples with COX-2 overexpression, 23 had
active inflammation, whereas 13 had inactive disease.
Further, four of the 25 sites negative for COX-2 overex-
pression had active inflammation. Overall, there was a
moderate correlation between inflammatory activity and
COX-2 overexpression with a correlation coefficient of
0.31 (P = 0.013, R? = 0.10). Inflammation alone ex-
plained only 11% of the variation in COX-2 expression.

Discussion
COX-2 in UC-Associated Neoplasia

This study demonstrates that COX-2 overexpression in
UC-associated neoplasia occurs early, beginning in mu-
cosa that is diploid and negative for dysplasia, and in

Crof COX-2 TagMan RT-PCR [RNA]

0 1 2 3

COX-2 THC [protein] |

Figure 3. Correlation of COX-2 protein expression by immunohistochemis-
try and RNA expression by TagMan RT-PCR on epithelial isolated mucosal
samples. C refers to the TagMan ABI RT-PCR cycle that produced fluores-
cent signal above the threshold level. Cycle number 40 is the maximum cycle
number generated, and indicates absence of RNA in the starting sample.
Cycle numbers progressively less than 40 indicate the cycle number where
generated fluorescent signal crossed the baseline. Lower cycle numbers
reflect more RNA in the starting sample. One cycle decrease indicates dou-
bling of RNA template.

mucosa that is noninflamed. This is true of both COX-2
protein and its MRNA. We have demonstrated that COX-2
protein overexpression by immunohistochemistry in >60
mapped mucosal samples occurs early in UC-associated
neoplastic progression. This observation was confirmed
in selected samples by demonstrating increased COX-2
MRNA, using isolated epithelium in a novel TagMan RT-
PCR assay. To specifically evaluate epithelial COX-2
RNA expression, we purified epithelial cells from the stro-
mal elements of the lamina propria by an ethylenediami-
netetraacetic acid shake-off technique. We have previ-
ously shown, by flow cytometric cytokeratin sorting of
aneuploid colonic biopsies, that this shake-off technique
yields a >90% pure epithelial cell population.?® To our
knowledge, no other investigations of COX-2 RNA from
whole tissues have been done on purified epithelium
separated from stromal components. This may be impor-
tant, as mononuclear cells in mucosal lamina propria
normally express COX-2, and in fact, serve as internal
positive controls in all reported immunocytochemical
studies of COX-2 expression, including our own. Thus,
separating the epithelial and stromal components in the
analysis of mRNA expression may be critical for the ac-
curate determination of COX-2 mRNA from tissue.

The correlation between COX-2 protein and mRNA
using the methods described was excellent, with a
Spearman correlation of 0.74 and a Pearson correlation
of 0.97. This is particularly impressive because the sam-
ples for correlation were all specifically chosen from the
low end of expression and from samples with early neo-
plastic change (negative or indefinite histology). This is
the end of the spectrum where false-positive and -nega-
tive readings are more likely, and where intervention to
prevent neoplastic progression is more likely to succeed.

Spatial mapping throughout the neoplastic spectrum
provides important insight into whether abnormalities oc-
cur early or late during neoplastic progression. UC neo-
plasia is a particularly well-suited model to assess this



issue, based on the broad fields of abnormalities that
develop within single patients that can be spatially
mapped. In fact, we have recently shown that genetic
abnormalities are pancolonic in UC, as determined by
fluorescent in situ hybridization.?® Thus, as opposed the
very focal changes in sporadic colorectal tumorigenesis,
UC provides a useful model for determining the timing of
individual events, such as COX-2, at specified steps in
the morphological and biological neoplastic continua.

Using this approach, we have found COX-2 overex-
pression at both the protein and mRNA levels occurs
early. We showed mild to focally moderate overexpres-
sion of COX-2 in 25% of UC samples that were negative
for dysplasia, in 60% of samples that were indefinite for
dysplasia, and in all dysplastic samples. COX-2 overex-
pression often correlated with DNA aneuploidy, but was
also seen in six diploid sites. These observations, along
with the corresponding up-regulation of COX-2 expres-
sion at the mRNA level in multiple corresponding muco-
sal samples that were negative or indefinite for dysplasia,
indicate that COX-2 overexpression occurs early in UC
neoplastic progression. In view of the therapeutic poten-
tial of COX inhibitors, this early development of COX-2
overexpression is of great interest.

COX-2 overexpression has been described previously
in actively inflamed, nondysplastic mucosa in both UC
and Crohn’s disease.®'®2 We have demonstrated it in
both inflamed and noninflamed mucosa in all stages of
neoplastic progression in UC (Figure 1). In addition,
some of the actively inflamed nondysplastic areas
showed no COX-2 expression (Figure 1). These data
indicate that COX-2 overexpression does not simply re-
flect inflammation, because inflammation alone explains
only 11% of the variation in COX-2 expression. Rather,
our data indicate that a much higher percentage (53%) of
the variation in COX-2 expression is associated with neo-
plastic progression.

Two potential mechanisms may explain the relation-
ship between COX-2 overexpression and neoplastic pro-
gression in UC: 1) it may increase malondialdehyde lev-
els, and 2) it may up-regulate bcl-2. The first hypothesis
contends that increased COX-2 activity, in part brought
about by the normal physiological response to injury and
inflammation, may accelerate genetic damage through
increased production of malondialdehyde, a mutagenic
by-product of COX-mediated prostaglandin synthesis
and lipid peroxidation.®*** This malondialdehyde pro-
duction would be in addition to that produced by the
constitutive activity of COX-1, which is thought to be
important in sporadic colorectal neoplasia.' In support of
this hypothesis, elevated levels of malondialdehyde have
been detected both in sporadic colon cancer and in
inflammatory bowel disease.?°-38

After the initiation of neoplasia, COX-2 may promote
tumor progression by increasing expression of bel-2.3°40
bcl-2 generates resistance to apoptosis, and bcl-2 up-
regulation has also been demonstrated in UC-associated
neoplasia.'” Of further interest, overexpression of bcl-2 is
reversible by both nonspecific COX inhibitors® and by
highly selective COX-2 inhibitors.*’
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COX-2 Selective Inhibitor Therapy in Sporadic
and UC Neoplasia

The overexpression of COX-2 in colorectal adenomas
and adenocarcinomas suggests that treatment of individ-
uals without colorectal neoplasms with selective COX-2
inhibitors might lower their risk of developing them. Prom-
ising preliminary studies in rodents treated with selective
COX-2 inhibitors show suppression of neoplastic devel-
opment with minimal toxic side effects.® 94! Specifically,
the prevalence of gastrointestinal side effects, such as
ulceration and bleeding, are lower in animals treated with
selective COX-2 inhibitors than those given nonspecific
cyclooxygenase inhibitors, such as aspirin and other
NSAIDs.*#43

A treatment that could prevent colorectal neoplasia in
UC would be of great benefit by obviating the need for
surveillance and, in some patients, the need for total
colectomy for dysplasia or carcinoma. Caution is war-
ranted, however, as COX-2 selective inhibition has been
shown to impair healing of gastric ulcers in some stud-
ies,*® and NSAID use may exacerbate the activity of
idiopathic inflammatory bowel disease.** There are, how-
ever, few published data on NSAID exacerbation of idio-
pathic inflammatory bowel disease, either Crohn’s dis-
ease or UC. A recent retrospective cohort study of 1,940
inflammatory bowel disease patients (881 had Crohn’s
disease and 1,059 had UC), followed for an average of
3.1 years, demonstrated that the majority of inflammatory
bowel disease patients use NSAID analgesics, and that
their use is not associated with disease flares, as ana-
lyzed by multivariate Cox proportional hazards models
(hazard ratio, 0.93; 95% confidence interval, 0.68 to
1.27).%® Another study using COX-2-specific inhibitors in
rodents with a chemically induced colitis showed exac-
erbation with colonic perforation after 1 week of treat-
ment.*® This rodent model of colitis may not be represen-
tative of human UC, however, because it is induced by
trinitrobenzene sulfonic acid and yields a different histo-
logical picture than typical UC, making direct compari-
sons tenuous.

Studies addressing the effects of highly selective
COX-2 inhibitors in human UC are needed to determine
whether these new agents will impair colonic ulcer heal-
ing or exacerbate UC inflammatory activity. The fact that
COX-2 overexpression occurs early in UC neoplasia and
that inhibition of this overexpression may inhibit neoplas-
tic progression emphasizes the importance of answering
these questions.
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