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Cyclooxygenase 2 (Cox-2) is upregulated in colorectal adenomas and carcinomas. Polymorphisms in the Cox-2 gene may influence its
function and/or its expression and may modify the protective effect of nonsteroidal anti-inflammatory drugs (NSAIDs), thereby
impacting individuals’ risk of developing colorectal cancer and response to prevention/intervention strategies. In a nested case–
control study, four polymorphisms in the Cox-2 gene (two in the promoter, �663 insertion/deletion, GT/(GT) and �798 A/G; one in
intron 5-5229, T/G; one in 30untranslated region (UTR)-8494, T/C) were genotyped in 726 cases of colorectal adenomas and 729
age- and gender-matched controls in the prostate, lung, colorectal, and ovarian (PLCO) cancer screening trial. There was no
significant association between the Cox-2 polymorphisms and adenoma development in the overall population. However, in males,
the relatively rare heterozygous genotype GT/(GT) at �663 in the promoter and the variant homozygous genotype G/G at intron 5-
5229 appeared to have inverse associations (odds ratio (OR)¼ 0.59, confidence interval (CI): 0.34–1.02 and OR¼ 0.48, CI: 0.24–
0.99, respectively), whereas the heterozygous genotype T/C at 30UTR-8494 had a positive association (OR¼ 1.31, CI: 1.01–1.71)
with adenoma development. Furthermore, the haplotype carrying the risk-conferring 30UTR-8494 variant was associated with a 35%
increase in the odds for adenoma incidence in males (OR¼ 1.35, CI: 1.07–1.70), but the one with a risk allele at 30UTR-8494 and a
protective allele at intron 5-5229 had no effect on adenoma development (OR¼ 0.85, CI: 0.66–1.09). Gender-related differences in
adenoma risk were also noted with tobacco usage and protective effects of NSAIDs. Our analysis underscores the significance of the
overall allelic architecture of Cox-2 as an important determinant for risk assessment.
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Upregulation of the inducible isoform of prostaglandin endoper-
oxide G/H synthase/cyclooxygenase enzyme, PTGS2 or cycloox-
ygenase 2 (Cox-2), occurs in various cancers (Prescott and
Fitzpatrick, 2000). Cyclooxygenase 2 generates multifunctional lipid
metabolites, prostaglandins, which are implicated in various cellular
processes including proliferation, inflammation, invasion, angio-
genesis, and apoptosis (Cao and Prescott, 2002). It is estimated that
more than 85% of human colon cancers and 50% of colorectal
adenomas have elevated levels of Cox-2 (Eberhart et al, 1994).

In mouse models of colorectal carcinoma, disruption of the
Cox-2 gene as well as its selective inhibition resulted in a decreased
number of polyps (Oshima et al, 1996; Mahmoud et al, 1998;
Jacoby et al, 2000). Nonsteroidal anti-inflammatory drugs
(NSAIDs), which inhibit both the constitutively expressed Cox-1
and inducible Cox-2, show a protective effect in numerous
epidemiological studies for the incidence of colorectal cancer
(Giovannucci et al, 1995; Smalley et al, 1999). Results from recent
randomised clinical trials also demonstrated that aspirin prevented

the recurrence of adenoma polyps (Baron et al, 2003; Benamouzig
et al, 2003; Sandler et al, 2003). Celecoxib, a selective inhibitor of
Cox-2, was shown to have chemopreventive effects in the clinical
trial of familial adenomatous polyposis patients (Steinbach et al,
2000). Despite considerable heterogeneity in the response of
individual patients to celecoxib, there was a significant reduction
in the overall polyp burden. Thus, it appears that the expression
and activity of Cox-2 have a major role in colon carcinogenesis.

A large number of polymorphisms affecting coding as well as
noncoding regions of Cox-2 have been reported. Genetic variants
of Cox-2 with nonsynonymous single-nucleotide polymorphisms
(SNPs) in the coding region may have altered specificity, function,
and/or interaction with NSAIDs, and may contribute to colorectal
cancer risk. However, the frequency of nonsynonymous SNPs in
the Cox-2 gene, especially in Caucasians, is very low. The
expression and/or stability of Cox-2 can also be affected by
polymorphisms in the regulatory regions that include the
promoter, intronic regions, and the 30untranslated region (UTR).
Genetic variants of Cox-2 in these regions have been reported
previously. A common promoter variant, �765 G/C (rs20417/
ss5112606), which is located in the putative Sp1 binding site, was
reported to have reduced promoter activity and was associated
with reduced plasma C-reactive protein levels with implications for
various inflammatory responses (Papafili et al, 2002) and with a
decreased risk for myocardial infarction and stroke (Cipollone
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et al, 2004). Pima Indians with the variant homozygote genotype at
this promoter polymorphism (reported as �899 G/C, rs20417/
ss5112606) were found to have a 30% higher prevalence of type II
diabetes mellitus (Konheim and Wolford, 2003). Recently, allelic
variations in the Cox-2 gene have been analysed for their
association with cancer development. Polymorphisms in the
promoter and 30UTR of the Cox-2 gene were found to modulate
risk for prostate, colorectal, and non-small-cell lung carcinoma
(Campa et al, 2004; Cox et al, 2004; Panguluri et al, 2004).

Polymorphisms may also modify the effect of NSAIDs in the
prevention of colon cancer and adenomas. Two reports have
shown the pharmacological relevance of the polymorphism P17L
in the Cox-1 gene and NSAIDs usage, albeit with opposite
associations (Halushka et al, 2003; Ulrich et al, 2004). There is
limited data on the interaction between Cox-2 SNPs and NSAIDs.
More recently, the wild-type and variant genotypes at the �765
position (rs20417/ss5112606) in the promoter region were reported
to decrease the risk of colorectal polyp formation in users and
nonusers of aspirin/NSAIDs, respectively (Ulrich et al, 2005).

In this study, we explored the association between four specific
SNPs in the regulatory regions (two in the promoter region (�663
and �798), one in intron 5 (5229), and one in 30UTR (8494)) and
the risk for advanced adenoma in a nested case/control study of
1455 Caucasians (726 cases and 729 controls) from the prostate,
lung, colorectal, and ovarian (PLCO) cancer screening trial
(Gohagan et al, 2000). Furthermore, in view of the strong evidence
of tobacco smoking as a risk factor and use of NSAIDs as a
protective factor for colorectal cancer, we investigated possible
interactions between Cox-2 gene polymorphisms and the smoking
status and use of NSAIDs on the risk of adenoma development.

MATERIALS AND METHODS

Study population

The study was conducted using a nested case– control design
within the PLCO cancer screening trial, which was designed to
evaluate the impact of selected screening procedures on PLCO
cancer mortality. The trial recruited approximately 74 000 screen-
ing arm participants (37 000 men, 37 000 women; age 55–74 years)
and an equal number of nonscreened controls, aged 55–74 years,
at 10 US study centres. Participants were randomised to the
screening or control arms to evaluate the effect of blood prostate-
specific testing and digital rectal examination, chest X-ray,
sigmoidoscopy, and trans-vaginal ultrasound and CA-125 testing
on PLCO cancer mortality (Gohagan et al, 2000). Written informed
consent from participants and approval from the institutional
review boards of the 10 study centres and National Cancer Institute
were obtained. Detailed information on diet, tobacco and alcohol
use, intake of selected drugs, family history of cancer, and other
risk factors were obtained with a baseline questionnaire.

In this nested case– control study, 726 (506 males and 220
females) individuals with advanced adenomas and 729 (502 males
and 227 females) screen-negative gender-matched controls were
selected from the screening arm of the trial. The disparity between
the number of males and females may partially be due to the initial
slow accrual of women as bilateral oophorectomy was originally an
exclusion criterion (dropped later) (Weissfeld et al, 2005). More
importantly, it is a reflection of substantially greater prevalence of
large (X1.0 cm), intermediate (0.5–0.9 cm), or any size polyp in
men than in women; cancer and advanced adenomas were also
diagnosed twice as frequently in men in the PLCO trial (Weissfeld
et al, 2005). Advanced adenoma was defined as villous or
tubulovillous adenoma, large adenoma (41.0 cm), or severe or
high-grade dysplasia. The screen-negative controls had no polyp
or other suspect lesions. Characteristics of this study population
have been described previously (Huang et al, 2005). All cases and
controls used in this analysis were of Caucasian origin.

Genotyping

The following four polymorphisms in the Cox-2 gene, with
reasonable frequency distribution in Caucasians, were selected to
be analysed for their association with adenoma development: (1)
GT insertion/deletion polymorphism at position �663 (positions
refer to the Genbank entry AY382629 and http://pga.gs.washington.
edu/data/ptgs2/ptgs2.ColorFasta.html) in the promoter with a
frequency of deletion: 0.10, (2) A/G polymorphism at position
�798 in the promoter with a frequency of G: 0.11, (3) T/G
polymorphism at position 5229 in intron 5 with a frequency of G:
0.35, and (4) T/C polymorphism at position 8494 in the 30UTR with
a frequency of C: 0.43. All four polymorphisms were genotyped
using the ABI Prism sequence detector (TaqMan; PE Biosystems,
Foster City, CA, USA). Polymerase chain reaction primers and
dual-labelled allele discrimination probes were designed using the
Primer Express software package (PE Biosystems). Oligonucleotide
probes were labelled with two different fluorescent dyes, FAMTM

and VICTM, to discriminate between the two alleles of the
polymorphism. Primer and probe sequences for the four
polymorphisms are displayed in Table 1.

The assay was set up in 25 ml reactions with 1 –5 ng of genomic
DNA and 2� volume of the Master Mix provided by PE
Biosystems, which contains all four deoxynucleotides, Taq
polymerase and TaqMan buffer, 2000 nm of forward and reverse
primers, and the double-labelled probes. The thermal cycling
conditions for the ABI prism 7700 Sequence Detector were set up
at initial settings of 501C for 10 min followed by 40 cycles each of
951C for 15 s and 601C for 1 min. In each 96-well plate, internal
quality controls for homozygous wild-type, heterozygous, and
homozygous variant alleles for the respective polymorphism and
no template controls were included. Additionally, approximately

Table 1 Polymorphisms, primers, and probes

Polymorphism dbSNP Forward primer Reverse primer FAMTM probe VICTM probe

–663 GT (insertion/deletion) rs68946 aggacttaggacataactg ggagcatgtcagggtga ttttctggtgtgtgtgtat ttcttttctggtgtgtgtata
aattttctatt gatact

–798 A-G rs68946 catgatagatgttaaataa tggaacatagttggatga aaattccagctgtcaaa aattccaactgtcaaaat
aagcaaaga ggaattaat

5229 T-G rs20432 ttttataaataatacattt aacggaattaatatactat atacttttttagaattac atacttttttataattacca
attgagcttatatcatata catatc tatca

8494 T-C rs5275 catcttccatgatgcatta aataatgcactgatacct tgacagaaaaataac aaaatgaccaaaagtac
gaagtaa gtttt caaaa

dbSNP, single nucleotide polymorphism database. Numbers refer to positions of polymorphisms in the Genbank entry AY382629 and as detailed at http://pga.gs.washington.edu/
data/ptgs2/ptgs2.ColorFasta.html.
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10% repeated quality control samples were included. All laboratory
personnel were blind to the status of the samples.

Statistical analysis and haplotype construction

Odds ratios (ORs) were estimated using regression models using
PROC LOGISTIC function of the software package SAS (version
8.1; SAS Institute, Cary, NC, USA), adjusting for age, gender,
tobacco use, and NSAIDs use. The asymptomatic Pearson’s w2 test
was used to assess departure from Hardy– Weinberg equilibrium
by comparing the expected to observed genotype frequencies. All
polymorphisms were in Hardy– Weinberg equilibrium, except the
one at intron 5-5229. The reasons for this deviation are not clear;
however, it is highly unlikely to be due to genotyping errors as the
inclusion of the internal and external controls, and the blindedness
of the laboratory personnel to the samples ensured accuracy of
genotyping results. The possibility that deviation from Hardy–
Weinberg at this one position could be due to bias in selection of
the controls cannot be ruled out.

Since no homozygous variant at �663 was present and no
association was found for the genotypes at �798, haplotypes
incorporating only the intron 5-5229 and 30UTR-8494 genotypes
were constructed using the PHASE version 2 software (Stephens
et al, 2001; Stephens and Donnelly, 2003). Only the haplotypes with
known genotypes were used and no inferred haplotypes were
included in the analysis.

RESULTS

Association of Cox-2 polymorphisms with adenoma
development

Among the subjects analysed in this study, approximately 70%
were male. This is consistent with the 2 : 1 ratio of the incidence of
colon polyps and tumours in the PLCO trial (Weissfeld et al, 2005)
as well as reported elsewhere (McCashland et al, 2001). The initial
assessment of the entire study population detected only trends
between certain genotypes and the disease, but no statistically
significant associations. We therefore performed association
analyses on males and females separately and observed significant

gender-based differences. Table 2 displays the association of Cox-2
genotypes with the risk for advanced adenomas in all subjects and
in males and females after standardising for age and smoking
history. In males, the heterozygous genotype at �663 with a GT
deletion, although infrequent, and the variant homozygotes at the
intron 5-5229 positions suggest a decrease in the risk of developing
adenomas (OR¼ 0.59, 95% confidence interval (CI): 0.34–1.02 and
OR¼ 0.48, 95% CI: 0.24–0.99, respectively). On the other hand,
individuals with the heterozygous genotype at 30UTR-8494 were at
an increased risk for developing advanced adenomas (OR¼ 1.31,
CI: 1.01–1.71). The OR of 1.02 for the homozygous variant
genotype was also in the same direction, but may not have reached
significance because of relatively small number compared to the
individuals with the heterozygous genotype.

There was no association between the genotypes at any of the
four polymorphic sites in the Cox-2 gene and advanced adenomas
in females. However, it is of note that the heterozygous and variant
homozygous genotypes at intron 5-5229 showed a trend toward
positive association with adenoma risk compared to the suggested
protective effect in males. The ORs of genotypes at the �798 and
30UTR-8494 positions in females, on the other hand, appeared to
follow the same trend as in males (Table 2).

The two polymorphisms of the Cox-2 gene with reasonable
frequency and with an association with adenoma development in
males, that is, intron 5-5229 and 30UTR-8494, were used
to construct haplotypes using the PHASE program. Three
haplotypes, TT, TC, and GC, accounted for 99.6% of all
chromosomes. As shown in Table 3, the haplotype TC, which
carried the risk allele at the 30UTR-8494 position, was more
common in cases than in controls with a 26% increased risk of
adenomas in all subjects (OR¼ 1.26, 95% CI: 1.03– 1.53) and with a
35% increased risk of adenomas in males (OR¼ 1.35, 95% CI:
1.07– 1.70) compared to the wild-type haplotype of TT. The
haplotype was not significant in females. The risk effect of the
haplotype TC was neutralised in the haplotype GC, which
harboured the protective allele at intron 5-5229 (All, OR¼ 0.95,
95% CI: 0.77–1.16; Males, OR¼ 0.85, 95% CI: 0.66–1.09), showing
that the risk of adenoma is determined by the cumulative effects of
both polymorphisms. Essentially, the same results were obtained
when haplotypes were constructed incorporating all four poly-
morphisms analysed in this study (data not shown). The effect of

Table 2 Cox-2 genotypes and risk of advanced colorectal adenomas

All Males Females

Genotypes Cases/controls
OR

95% CI Cases/controls
OR

95% CI Cases/controls
OR

95% CI

�663
GT/GT 702/704 490/478 212/226
GT/(GT)a 32/45 0.65 (0.40, 1.04) 24/36 0.59 (0.34, 1.02) 8/9 0.95 (0.35, 2.5)

�798
A/A 490/493 339/340 151/153
A/G 233/231 1.017 (0.81, 1.27) 167/158 1.06 (0.81, 1.39) 66/73 0.91 (0.60, 1.37)
G/G 18/26 0.80 (0.43, 1.50) 11/16 0.79 (0.35, 1.76) 7/10 0.82 (0.30, 2.27)

5229
T/T 534/530 384/363 150/167
T/G 189/190 0.94 (0.74, 1.20) 125/130 0.88 (0.66, 1.18) 64/60 1.15 (0.75, 1.77)
G/G 24/33 0.73 (0.42, 1.27) 13/23 0.48 (0.24, 0.99) 11/10 1.43 (0.58, 3.55)

8494
T/T 311/347 215/244 96/103
T/C 344/318 1.17 (0.94, 1.46) 249/211 1.31 (1.01, 1.71) 95/107 0.94 (0.63, 1.41)
C/C 94/91 1.14 (0.82, 1.59) 59/64 1.02 (0.68, 1.53) 35/27 1.40 (0.78, 2.53)

OR¼ odds ratio; CI¼ confidence interval. Adjusted for age and smoking history. aParentheses refers to deletion polymorphism.
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the rare deletion polymorphism at �663, which had a negative
association with adenomas in males, could not be determined in
the context of haplotype as the only haplotype carrying the �663
variant allele was relatively rare.

Cox-2 genotypes and tobacco smoking

The use of tobacco is considered to be a risk factor for colorectal
cancer. There was a positive association between cigarette smoking
and development of aggressive adenomas in the study population,
especially a highly significant association between current
smokers, both males (OR¼ 2.50, 95% CI: 1.54–4.04) and females
(OR¼ 2.51, CI: 1.31– 4.80), and risk of colorectal adenoma, when
adjusted for age and NSAID use. We assessed the main effect of all
four Cox-2 genotypes on adenoma development when individuals
were stratified by smoking status and adjusted for age and NSAIDs
usage. Most of the genotypes, especially in current smokers, were
associated with a relative increase in the risk of colon cancer
compared to never smokers in both males and females (data not
shown). Table 4 displays the risk of adenoma development with
tobacco usage in the context of haplotypes constructed with intron
5-5229 and 30UTR-8494 polymorphisms. Compared to never
smokers, all three haplotypes had increased risk of adenoma in
current female smokers. In current male smokers, carriers of T/T
and TC haplotypes were at significantly increased risk of adenoma
development, but the ones carrying the haplotype GC with the
protective variant at intron 5-5229 did not have a significantly
increased risk of adenoma development (OR¼ 1.38, CI: 0.63–
3.01). Former male smokers with the haplotype carrying the risk
variant at 30UTR-8494 appeared to be at an increased risk of

adenoma development compared to never smokers, whereas the
risk for advanced adenoma was not significant in former female
smokers with all three haplotypes.

Cox-2 genotype and use of NSAIDs

The use of NSAIDs, aspirin, and ibuprofen, which inhibit Cox-2,
was not protective for adenoma development in the study
population. When analysed at the haplotype level, the use of
aspirin was protective for individuals carrying the Cox-2 haplotype
with the wild-type alleles at both intron 5-5229 and 30UTR-8494
positions (OR¼ 0.74, CI: 0.57–0.95); especially the protection from
the use of aspirin in combination with ibuprofen was highly
significant (OR¼ 0.55, CI: 0.40–0.77) (Table 5). The use of aspirin
appeared to be protective also in male carriers of the haplotype GC,
although it did not quite reach statistical significance (OR¼ 0.69,
CI: 0.45–1.05). The only striking finding was the use of aspirin in
females with the GC haplotype carrying variant alleles at intron
5-5229 and 30UTR-8494 was associated with increased risk of
adenoma development. Although the numbers of cases and
controls using aspirin were small, the risk association was
statistically significant (OR¼ 2.40, CI: 1.06– 5.40).

DISCUSSION

Analysis of potentially functional polymorphisms in candidate
genes has emerged as a powerful approach in deciphering the
complex relationship between genotype and phenotype. In this
context, association analyses can be used to explore the role of

Table 3 Haplotype frequencies constructed by PHASE algorithm in cases and controls, adjusted for age and smoking history

Haplotype
All Males Females

Intron 5-5229 and 30UTR-8494 Cases/controls
OR

95% CI Cases/controls
OR

95% CI Cases/controls
OR

95% CI

TT 959/1006 676/694 283/312
TC 298/247 1.26 (1.03, 1.53) 217/165 1.35 (1.07, 1.70) 81/82 1.06 (0.74, 1.51)
GC 234/253 0.950 (0.77, 1.16) 150/174 0.85 (0.66, 1.09) 84/79 1.200 (0.84, 1.71)

OR¼ odds ratio; CI¼ confidence interval. Adjusted for age and smoking history. Almost identical results were obtained using the PL-EM and SNPHAP algorithms.

Table 4 Cox-2 haplotypes and risk for advanced colorectal adenomas in association with tobacco usage

Haplotype
Never smoker Current smoker Former smoker

Intron 5-5229 and &30UTR-8494 Cases/controls
OR

95% CI Cases/controls
OR

95% CI Cases/controls
OR

95% CI

All
TT 377/458 142/63 3.12 (2.24, 4.36) 440/485 1.13 (0.93, 1.38)
TC 111/109 1.24 (0.92, 1.68) 42/16 3.71 (2.03, 6.77) 145/122 1.50 (1.13, 1.99)
GC 89/124 0.86 (0.63, 1.17) 25/18 1.83 (0.97, 3.45) 120/111 1.33 (0.99, 1.79)

Males
TT 228/274 97/49 2.81 (1.89, 4.18) 351/371 1.20 (0.95, 1.52)
TC 76/64 1.41 (0.96, 2.07) 28/11 3.76 (1.80, 7.83) 113/90 1.64 (1.17, 2.29)
GC 47/73 0.74 (0.49, 1.12) 15/13 1.38 (0.63, 3.01) 88/88 1.28 (0.90, 1.82)

Females
TT 149/184 45/14 4.45 (2.32, 8.51) 89/114 1.00 (0.70, 1.43)
TC 35/45 0.99 (0.60, 1.64) 14/5 3.82 (1.32, 11.0) 32/32 1.25 (0.72, 2.15)
GC 42/51 1.05 (0.65, 1.68) 10/5 3.10 (1.01, 9.48) 32/23 1.73 (0.96, 3.12)

OR¼ odds ratio; CI¼ confidence interval. Adjusted for age and NSAIDs usage.

Cox-2 allelic variants and colorectal adenoma

IU Ali et al

956

British Journal of Cancer (2005) 93(8), 953 – 959 & 2005 Cancer Research UK

G
e
n

e
tic

s
a
n

d
G

e
n

o
m

ic
s



genetic polymorphisms in susceptibility to various cancers and
response to specific chemopreventive agents. In our study, analysis
of four haplotype-tagging SNPs in the regulatory regions scattered
over the entire Cox-2 gene revealed important aspects of its allelic
structure with consequences for adenoma risk and interactions
with NSAIDs.

Cox-2 is an inducible enzyme and its expression and stability
appear to be subjected to very complex mechanisms regulated by
various elements in both the 50UTR and 30UTR of the transcript as
well as intronic sequences (Dixon et al, 2000; Kirtikara et al, 2000;
Finkbeiner, 2001; Tanabe and Tohnai, 2002; Konheim and
Wolford, 2003). Several promoter elements, such as CRE as well
as those specific for binding to a variety of nuclear regulatory
factors including NfkB, NF-IL6, and myb, may play an important
regulatory role in the transcription of the Cox-2 gene in a tissue-
specific manner (Potter et al, 2000; Mestre et al, 2001; Tang et al,
2001). Polymorphisms may either eliminate or create binding
sites for various factors potentially altering the expression of
Cox-2 and thereby modulating the risk for various cancers.
Recently, four SNPs in the promoter region of Cox-2 (�297, �899,
�1265, �1285), different from the ones used in our study, have
been described to modulate the risk for prostate cancer in
both African Americans and Caucasian individuals (Panguluri
et al, 2004).

We examined two promoter polymorphisms, �663 and �798,
the Cox-2 gene which are not located in binding sites of any known
transcription factors. The homozygous variant at �663 was
extremely rare in our study cohort, but the heterozygous genotype
was clearly protective for adenoma risk in males (Table 2). Our
data also show that the variant allele at intron 5-5229 reduced the
risk for adenoma development in males and, when analysed in the
context of haplotype, neutralised the risk effect of the 30UTR-8494
variant allele. Therefore, either the intron 5-5229 polymorphism
itself or another polymorphism that is in linkage disequilibrium
with intron 5-5229 in the Cox-2 gene may be relevant for its
transcriptional regulation and/or stability.

Besides the promoter and intronic sequences, elements in the
30UTR play an important role in polyadenylation, nuclear export,
degradation, stabilisation, and translation of the transcripts
(Kuersten and Goodwin, 2003). Binding of translational regulatory
factors to ARE (AU-rich element) in 30UTR has been shown to
alter Cox-2 expression (Dixon, 2004). In vitro experiments have
shown that overexpression of trans-activating cellular factors,
which bind to Cox-2 ARE, stabilise mRNA resulting in increased
expression of Cox-2 in colon cancer cells (Dixon et al, 2000, 2001,

2003). Conceivably, polymorphisms in the 30UTR of Cox-2 may
modify the binding affinity of regulatory factors and influence its
stability and expression. The 30UTR-8494 polymorphism analysed
here is located in the AU-rich region that mediates transcript
degradation. Our finding that the 8494 variant allele increases the
risk for colorectal adenomas in males by 31% suggests that the
polymorphism has a transcript-stabilising function. Interestingly,
the same 30UTR-8494 polymorphism was recently reported to
carry an enhanced risk for lung cancer (Campa et al, 2004),
suggesting its significance in the regulation of Cox-2 transcripts
and the subsequent impact on multiple cancers. However, the
same polymorphism did not show an effect on colorectal cancer in
another recent report, although two downstream SNPs were
associated with an increased risk (Cox et al, 2004). This lack of
association of the 30UTR-8494 polymorphism with colorectal
cancer risk (Cox et al, 2004) could be due to relatively small
number of subjects (292 cases/274 controls) and/or analysing
males and females together. In any event, association of the 30UTR-
8494 variant and/or nearby polymorphisms in colorectal and lung
carcinogenesis warrant a closer look at this region for its role in
post-transcriptional regulation of the Cox-2 gene with implications
for colorectal and lung carcinogenesis.

In our study, sequence variations in the Cox-2 gene, with a
potential to affect its expression and/or stability, appear to
modulate the risk for adenoma development only in males.
Previous studies have documented gender differences in the
incidence, location, and pathogenesis of colonic adenomatous
polyps and tumours (DeCosse et al, 1993; McCashland et al, 2001;
Weissfeld et al, 2005). The reduced colorectal cancer risk in
women has been attributed to physiological, environmental, and
behavioural factors (DeCosse et al, 1993). Especially, oestrogen has
been suggested to have a protective role in colon carcinogenesis by
affecting metabolism of bile acids and serum levels of insulin-like
growth hormone levels (Everson et al, 1991; Campagnoli et al,
1993). Transcriptional silencing of the oestrogen receptor gene has
been reported in colorectal tumours (Issa et al, 1994) and a meta-
analysis of several epidemiological studies of postmenopausal
women reported a significant reduction in the risk of colorectal
cancers with hormone therapy (Grodstein et al, 1999). The
apparent lack of any role of Cox-2 polymorphisms in the
development of adenomas in females noted in our study could
simply be due to relatively small numbers analysed and certainly
needs further validation. A comprehensive analysis of various Cox-
2 haplotypes in a much larger case–control study comprising of
females would help clarify this issue.

Table 5 Cox-2 haplotypes and risk for advanced colorectal adenomas in association with NSAIDs use

Haplotype
None Aspirin Ibuprofen Both

Intron 5-5229 and
30UTR-8494

Cases/
controls

OR
95% CI

Cases/
controls

OR
95% CI

Cases/
controls

OR
95% CI

Cases/
controls

OR
95% CI

All
TT 422/397 301/302 0.87 (0.70, 1.07) 106/121 0.83 (0.61, 1.12) 132/186 0.65 (0.50, 0.85)
TC 123/102 1.11 (0.82, 1.5) 101/68 1.30 (0.92, 1.82) 34/31 1.03 (0.62, 1.73) 40/46 0.81 (0.51, 1.27)
GC 97/111 0.77 (0.56, 1.0) 73/67 0.92 (0.61, 1.32) 25/34 0.69 (0.404, 1.195) 39/41 0.93 (0.58, 1.48)

Males
TT 309/266 222/236 0.742 (0.57, 0.95) 61/67 0.78 (0.52, 1.15) 84/125 0.55 (0.40, 0.77)
TC 91/64 1.18 (0.82, 1.7) 77/52 1.17 (0.79, 1.74) 20/16 1.09 (0.55, 2.18) 29/33 0.75 (0.44, 1.28)
GC 60/74 0.64 (0.44, 0.9) 53/57 0.69 (0.45, 1.05) 13/20 0.59 (0.28, 1.22) 24/23 0.92 (0.50, 1.69)

Females
TT 113/131 79/66 1.32 (0.87, 2.00) 45/54 0.98 (0.610, 1.583) 48/61 0.90 (0.57, 1.43)
TC 32/38 0.96 (0.55, 1.6) 24/16 1.66 (0.83, 3.31) 14/15 1.04 (0.47, 2.28) 11/13 0.93 (0.39, 2.20)
GC 37/37 1.11 (0.65, 1.8) 20/10 2.40 (1.06, 5.40) 12/14 0.90 (0.39, 2.06) 15/18 1.01 (0.48, 2.13)

OR¼ odds ratio; CI¼ confidence interval. Adjusted for age and smoking history.
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Another important aspect of our analysis is that it highlights the
significance of the overall allelic architecture of Cox-2 on disease
risk rather than its effect based on individual SNPs in isolation.
Among the four polymorphisms analysed, the combination and/or
interplay between two SNPs (minor allele frequencies of 0.35 and
0.43 for intron 5-5229 and 30UTR-8494, respectively) were
important in determining the risk of developing colorectal
adenomas. The allelic influence of these two individual poly-
morphisms conferring either risk of or protection from adenoma
development was neutralised in individuals carrying both variants
(Table 3).

Cyclooxygenase 2 is a primary target for NSAIDs, which have
been shown to reduce the risk of colon cancers and colorectal
adenomas. Aspirin use was associated with a decrease in the
recurrence of colorectal adenomas in randomised clinical trials
(Baron et al, 2003; Benamouzig et al, 2003; Sandler et al, 2003).
Sequence variations in the Cox-2 gene could conceivably modify
the chemopreventive effect of aspirin (Ulrich et al, 2005) and
possibly other NSAIDs. In our analysis, the Cox-2 haplotype with
wild-type alleles of intron 5-5229 and 30UTR-8494 (also of �663
and �798, data not shown) was pharmacologically beneficial in
males (Table 5). The GC haplotype carrying the protective and risk
alleles was also suggestive of a beneficial effect in male aspirin
users. On the contrary, not only that females do not appear to
drive any benefit from aspirin use, female carriers of the GC
haplotype were at a significantly increased risk for adenoma
development. Of cautionary note here is, the increased risk,
although significant, was based on small number of female aspirin
users with the GC haplotype.

The gender difference has also recently been reported in the
cardiovascular response to aspirin. The risk of myocardial
infarction or death from cardiovascular causes in women was

not altered by aspirin but was significantly reduced in men
(Steering Committee of the Physicians’ Health Study Research
Group, 1989; Levin, 2005; Ridker et al, 2005). Our preliminary
observation of the harmful effect of aspirin on colorectal adenoma
in females, if confirmed in a larger study, would be helpful in
pharmacological stratification of patients according to the Cox-2
haplotypes.

Cyclooxygenase 2 is a crucial enzyme in a key signalling
pathway and has been the target of prevention/intervention
strategies in many clinical trials. Selective inhibition of Cox-2
results in variable responses in individual patients. An exhaustive
approach using the haplotype-defining SNPs in the gene as well as
information on the functional significance of polymorphisms with
the risk-modulating ability would have significant implications not
only for risk identification but also for pharmacological manage-
ment of the disease.

ACKNOWLEDGEMENTS

We are indebted to Leah Sansbury for her very helpful comments.
The statistical analysis was performed by Thomas Riley and Craig
Williams at the Statistical Center, Information Management
Services. We thank Andrew Atkinson for performing the geno-
typing assays. One of us (BTL) acknowledges that this work was
funded in whole or in part with federal funds from the US National
Cancer Institute, National Institutes of Health, under Contract No.
NO1-CO-12400. The content of this publication does not
necessarily reflect the views or policies of the Department of
Health and Human Services, nor does any mention of trade names,
commercial products or organisations imply endorsement by the
US Government.

REFERENCES

Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, McKeown-
Eyssen G, Summers RW, Rothstein R, Burke CA, Snover DC, Church TR,
Allen JI, Beach M, Beck GJ, Bond JH, Byers T, Greenberg ER, Mandel JS,
Marcon N, Mott LA, Pearson L, Saibil F, van Stolk RU (2003) A
randomized trial of aspirin to prevent colorectal adenomas. N Engl J Med
348: 891 – 899

Benamouzig R, Deyra J, Martin A, Girard B, Jullian E, Piednoir B, Couturier
D, Coste T, Little J, Chaussade S (2003) Daily soluble aspirin and
prevention of colorectal adenoma recurrence: one-year results of the
APACC trial. Gastroenterology 125: 328 – 336

Campa D, Zienolddiny S, Maggini V, Skaug V, Haugen A, Canzian F (2004)
Association of a common polymorphism in the cyclooxygenase 2 gene
with risk of non-small cell lung cancer. Carcinogenesis 25: 229 – 235

Campagnoli C, Biglia N, Altare F, Lanza MG, Lesca L, Cantamessa C, Peris
C, Fiorucci GC, Sismondi P (1993) Differential effects of oral conjugated
estrogens and transdermal estradiol on insulin-like growth factor 1,
growth hormone and sex hormone binding globulin serum levels.
Gynecol Endocrinol 7: 251 – 258

Cao Y, Prescott SM (2002) Many actions of cyclooxygenase-2 in cellular
dynamics and in cancer. J Cell Physiol 190: 279 – 286

Cipollone F, Toniato E, Martinotti S, Fazia M, Iezzi A, Cuccurullo C, Pini B,
Ursi S, Vitullo G, Averna M, Arca M, Montali A, Campagna F, Ucchino S,
Spigonardo F, Taddei S, Virdis A, Ciabattoni G, Notarbartolo A,
Cuccurullo F, Mezzetti A, Identification of New Elements of Plaque
Stability (INES) Study Group (2004) A polymorphism in the cycloox-
ygenase 2 gene as an inherited protective factor against myocardial
infarction and stroke. JAMA 291: 2221 – 2228

Cox DG, Pontes C, Guino E, Navarro M, Osorio A, Canzian F, Moreno V
(2004) Polymorphisms in prostaglandin synthase 2/cyclooxygenase 2
(PTGS2/COX2) and risk of colorectal cancer. Br J Cancer 91: 339 – 343

DeCosse JJ, Ngoi SS, Jacobson JS, Cennerazzo WJ (1993) Gender and
colorectal cancer. Eur J Cancer Prev 2: 105 – 115

Dixon DA (2004) Dysregulated post-transcriptional control of COX-2 gene
expression in cancer. Curr Pharm Des 10: 635 – 646

Dixon DA, Balch GC, Kedersha N, Anderson P, Zimmerman GA,
Beauchamp RD, Prescott SM (2003) Regulation of cyclooxy-
genase-2 expression by the translational silencer TIA-1. J Exp Med 198:
475 – 481

Dixon DA, Kaplan CD, McIntyre TM, Zimmerman GA, Prescott SM (2000)
Post-transcriptional control of cyclooxygenase-2 gene expression. The
role of the 30-untranslated region. J Biol Chem 275: 11750 – 11757

Dixon DA, Tolley ND, King PH, Nabors LB, McIntyre TM, Zimmerman GA,
Prescott SM (2001) Altered expression of the mRNA stability factor HuR
promotes cyclooxygenase-2 expression in colon cancer cells. J Clin Invest
108: 1657 – 1665

Eberhart CE, Coffey RJ, Radhika A, Giardiello FM, Ferrenbach S, DuBois
RN (1994) Up-regulation of cyclooxygenase 2 gene expression in human
colorectal adenomas and adenocarcinomas. Gastroenterology 107: 1183 –
1188

Everson GT, McKinley C, Kern F (1991) Mechanisms of gallstone formation
in women. Effects of exogenous estrogen (Premarin) and dietary
cholesterol on hepatic lipid metabolism. J Clin Invest 87: 237 – 246

Finkbeiner S (2001) New roles for introns: sites of combinatorial regulation
of Ca2+- and cyclic AMP-dependent gene transcription. Sci STKE
2001(94): PE1

Giovannucci E, Egan KM, Hunter DJ, Stampfer MJ, Colditz GA, Willett WC,
Speizer FE (1995) Aspirin and the risk of colorectal cancer in women.
N Engl J Med 333: 609 – 614

Gohagan JK, Prorok PC, Hayes RB, Kramer BS (2000) The prostate, lung,
colorectal and ovarian (PLCO) cancer screening trial of the National
Cancer Institute: history, organization, and status. Control Clin Trials 21:
251S – 272S

Grodstein F, Newcomb PA, Stampfer MJ (1999) Postmenopausal hormone
therapy and the risk of colorectal cancer: a review and meta-analysis. Am
J Med 106: 574 – 582

Halushka MK, Walker LP, Halushka PV (2003) Genetic variation in
cyclooxygenase 1: effects on response to aspirin. Clin Pharmacol Ther 73:
122 – 130

Cox-2 allelic variants and colorectal adenoma

IU Ali et al

958

British Journal of Cancer (2005) 93(8), 953 – 959 & 2005 Cancer Research UK

G
e
n

e
tic

s
a
n

d
G

e
n

o
m

ic
s



Huang WY, Chatterjee N, Chanock S, Dean M, Yeager M, Schoen RE, Hou
LF, Berndt SI, Yadavalli S, Johnson CC, Hayes RB (2005) Microsomal
epoxide hydrolase polymorphisms and risk for advanced colorectal
adenoma. Cancer Epidemiol Biomarkers Prev 14: 152 – 157

Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson NE, Baylin SB
(1994) Methylation of the oestrogen receptor CpG island links ageing and
neoplasia in human colon. Nat Genet 7: 536 – 540

Jacoby RF, Seibert K, Cole CE, Kelloff G, Lubet RA (2000) The
cyclooxygenase-2 inhibitor celecoxib is a potent preventive and
therapeutic agent in the min mouse model of adenomatous polyposis.
Cancer Res 60: 5040 – 5044

Kirtikara K, Raghow R, Laulederkind SJ, Goorha S, Kanekura T, Ballou LR
(2000) Transcriptional regulation of cyclooxygenase-2 in the human
microvascular endothelial cell line, HMEC-1: control by the combina-
torial actions of AP2, NF-IL-6 and CRE elements. Mol Cell Biochem 203:
41 – 51

Konheim YL, Wolford JK (2003) Association of a promoter variant in the
inducible cyclooxygenase-2 gene (PTGS2) with type 2 diabetes mellitus
in Pima Indians. Hum Genet 113: 377 – 381

Kuersten S, Goodwin EB (2003) The power of the 30 UTR: translational
control and development. Nat Rev Genet 4: 626 – 637

Levin RI (2005) The puzzle of aspirin and sex. N Engl J Med 352: 1366 – 1368
Mahmoud NN, Dannenberg AJ, Mestre J, Bilinski RT, Churchill MR,

Martucci C, Newmark H, Bertagnolli MM (1998) Aspirin prevents tumors
in a murine model of familial adenomatous polyposis. Surgery 124:
225 – 231

McCashland TM, Brand R, Lyden E, de Garmo P, CORI Research Project
(2001) Gender differences in colorectal polyps and tumors. Am J
Gastroenterol 96: 882 – 886

Mestre JR, Rivadeneira DE, Mackrell PJ, Duff M, Stapleton PP, Mack-Strong
V, Maddali S, Smyth GP, Tanabe T, Daly JM (2001) Overlapping CRE and
E-box promoter elements can independently regulate COX-2 gene
transcription in macrophages. FEBS Lett 496: 147 – 151

Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong E,
Trzaskos JM, Evans JF, Taketo MM (1996) Suppression of intestinal
polyposis in Apc delta716 knockout mice by inhibition of cyclooxygen-
ase 2 (COX-2). Cell 87: 803 – 809

Panguluri RC, Long LO, Chen W, Wang S, Coulibaly A, Ukoli F, Jackson A,
Weinrich S, Ahaghotu C, Isaacs W, Kittles RA (2004) COX-2 gene
promoter haplotypes and prostate cancer risk. Carcinogenesis 25: 961 –
966

Papafili A, Hill MR, Brull DJ, McAnulty RJ, Marshall RP, Humphries SE,
Laurent GJ (2002) Common promoter variant in cyclooxygenase-2
represses gene expression: evidence of role in acute-phase inflammatory
response. Arteriosclerosis Thromb Vasc Biol 22: 1631 – 1636

Potter S, Mitchell MD, Hansen WR, Marvin KW (2000) NF-IL6 and CRE
elements principally account for both basal and interleukin-1 beta-

induced transcriptional activity of the proximal 528 bp of the PGHS-2
promoter in amnion-derived AV3 cells: evidence for involvement of
C/EBP beta. Mol Hum Reprod 6: 771 – 778

Prescott SM, Fitzpatrick FA (2000) Cyclooxygenase-2 and carcinogenesis.
Biochim Biophys Acta 1470: M69 – M78

Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE,
Hennekens CH, Buring JE (2005) A randomized trial of low-dose aspirin
in the primary prevention of cardiovascular disease in women. N Engl J
Med 352: 1293 – 1304

Sandler RS, Halabi S, Baron JA, Budinger S, Paskett E, Keresztes R, Petrelli
N, Pipas JM, Karp DD, Loprinzi CL, Steinbach G, Schilsky R (2003) A
randomized trial of aspirin to prevent colorectal adenomas in patients
with previous colorectal cancer. N Engl J Med 348: 883 – 890

Smalley W, Ray WA, Daugherty J, Griffin MR (1999) Use of nonsteroidal
anti-inflammatory drugs and incidence of colorectal cancer: a popula-
tion-based study. Arch Intern Med 159: 161 – 166

Steering Committee of the Physicians’ Health Study Research Group. Final
report on the aspirin component of the ongoing Physicians’ Health Study
(1989) N Engl J Med 321: 129 – 135

Steinbach G, Lynch PM, Phillips RK, Wallace MH, Hawk E, Gordon GB,
Wakabayashi N, Saunders B, Shen Y, Fujimura T, Su LK, Levin B (2000)
The effect of celecoxib, a cyclooxygenase-2 inhibitor, in familial
adenomatous polyposis. N Engl J Med 342: 1946 – 1952

Stephens M, Smith NJ, Donnelly P (2001) A new statistical method for
haplotype reconstruction from population data. Am J Hum Genet 68:
978 – 989

Stephens M, Donnelly P (2003) A comparison of bayesian methods for
haplotype reconstruction from population genotype data. Am J Hum
Genet 73: 1162 – 1169

Tanabe T, Tohnai N (2002) Cyclooxygenase isozymes and their gene
structures and expression. Prostaglandins Other Lipid Mediat 68 – 69:
95 – 114

Tang Q, Chen W, Gonzales MS, Finch J, Inoue H, Bowden GT (2001) Role of
cyclic AMP responsive element in the UVB induction of cyclooxygenase-
2 transcription in human keratinocytes. Oncogene 20: 5164 – 5172

Ulrich CM, Bigler J, Sparks R, Whitton J, Sibert JG, Goode EL, Yasui Y,
Potter JD (2004) Polymorphisms in PTGS1 (¼COX-1) and risk of
colorectal polyps. Cancer Epidemiol Biomarkers Prev 13: 889 – 893

Ulrich CM, Whitton J, Yu JH, Sibert J, Sparks R, Potter JD, Bigler J (2005)
PTGS2 (COX-2) �765G4C promoter variant reduces risk of colorectal
adenoma among nonusers of nonsteroidal anti-inflammatory drugs.
Cancer Epidemiol Biomarkers Prev 14: 616 – 619

Weissfeld JL, Schoen RE, Pinsky PF, Bresalier RS, Church T, Yurgalevitch S,
Austin JH, Prorok PC, Gohagan JK, PLCO Project Team (2005) Flexible
sigmoidoscopy in the PLCO cancer screening trial: results from the
baseline screening examination of a randomized trial. J Natl Cancer Ins
97: 989 – 997

Cox-2 allelic variants and colorectal adenoma

IU Ali et al

959

British Journal of Cancer (2005) 93(8), 953 – 959& 2005 Cancer Research UK

G
e
n

e
ti

c
s

a
n

d
G

e
n

o
m

ic
s


