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Absiract

AIM: To explore whether cyclooxygenase 2 (COX-2)
-765G>C polymorphism is associated with susceptibility
of colorectal cancer (CRC) and to evaluate the risk of
colorectal cancer in relation to environmental exposures
and polymorphism.

METHODS: We conducted a case-control study of
137 patients with colorectal cancer and 199 cancer-
free controls in northeast China. Multivariate logistic
regression analysis was performed to calculate the
adjusted odds ratio (OR) and 95% confidence interval
(95% CI).

RESULTS: The -765G>C polymorphism was not
independently associated with CRC risk. However, risk
associated with the polymorphism differed by smoking
and body mass index (BMI). Smoking and BMI associated
risks were stronger among those with -765GG genotype,
showing that smokers had a 2.682-fold greater risk of
CRC than nonsmokers (51/43 vs 68/126, P = 0.006).
Compared to those with a normal body mass index (BMI
18.5-22.9), those with overweight (BMI 23-24.9) had a
3.909-fold higher risk of CRC (OR = 3.909, 95% CI =
2.081-7.344; P < 0.001), while those with obesity (BMI
> 25) had a 2.031- fold higher risk of CRC (OR = 1.107,
95% CI = 1.107-3.726; P = 0.022).

CONCLUSION: Although COX-2 -765G>C polymorphism

is not associated with an increased risk of CRC, -765GG
genotype appears to be related to an increased risk in
the presence of smoking and higher BMI.
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INTRODUCTION

Cyclooxygenases (COXs) are rate-limiting enzymes for
prostaglandin production M. Two isoforms were described,
the constitutively expressed COX-7 and the inducible
isoform COX-2P. COX-2 is expressed at low levels in most
tissues but high in inflammatory states”, and is induced
by a vatiety of stimulators including cytokines, growth
factorsP), as well as tumor promoters!®l. Prostaglandin
synthesis by the COX-2 is regulatory compounds that
play major roles in the inflammatory responsel®. Chronic
inflammation is responsible for the development
and progression of many common cancers. It is well
established that patients with inflammatory bowel disease
are at increased risk of developing colorectal cancer
(CRO)I,

COX-2 promoter region contains multiple regulatory
elements, such as nuclear factor-Kb (NF-kB) binding
site, nuclear factor interleukin-6(NF-IL6)/CCAAT/
enhancer-binding protein(C/EBP) binding site, cyclic
AMP-response element (CRE) and activation protein 1
(AP-1). The regulation of COX-2 gene expression could
involve complex interaction among them®. Growing
evidences indicate that genetic variants in the promoters

of COX-2 gene may modulate risk for breast cancer!",
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gastric adenocarcinomal'; prostate cancer!™? and colorectal
adenoma!”. A common promoter variant, -765G>C
(rs20417), a G to C transversion resulting in significantly
lower promoter activity, and reduced levels of C-reactive
protein (CRP), a systemic marker of inflammation!.

In this study, we explored the association between the
COX-2 promoter variant (-765G>C) and the risk for CRC.
In view of that the environmental exposures are associated
with an increased risk of CRC, we investigated interactions
between the polymorphism and the environmental factors
such as smoking status, intake of alcohol and BMI.

MATERIALS AND METHODS
Study population

Unrelated subjects from Shenyang of China were
enrolled for case-control studies of risk factors for CRC.
The trial recruited 137 CRC patients and 199 healthy
control subjects. Cases were patients with a histologically
confirmed diagnosis of CRC in the First Affiliated
Hospital of China Medical University and Shenyang
Hospital of Anal Diseases, between 2005 and 2006. The
CRC patients included 71 men and 66 women, and their
median age was 61.29 years. The patients were grouped
according to the TNM-classification (UICC) based on the
postoperative histopathology evaluation.

Control subjects were randomly selected among the
people admitted to the same hospital during the same
period. There were 104 men and 95 women; the median
age was 60.65 years. They had no histories of cancer.

All subjects were consent to participate in the study,
and allow their blood samples to be analyzed. Detailed
information on risk factors including tobacco and
alcohol consumption and higher BMI were obtained
with a baseline questionnaire. This study used the
suggested WHO BMI cutoff points for Asians to assess
several variables, respondents whose BMI was less than
23 kg/m® wete categotized as having normal weight, and
respondents whose BMI was 23 kg/rn2 or higher were
categorized as being overweight and obese).

Genotyping
DNA extraction: Five mL of venous blood was collected
from each subject. Genomic DNA was extracted using
proteinase K digestion followed by a salting out procedure.
SNP genotyping: The COX-2 -765G>C genotypes
were determined by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay. The
primers were 5-GGCTGTATATCTGCTCTATATGC
-3' (forward) and 5-CCGCTTCCTTTGTCCATCAG-3'
(reverse). The target sequence was amplified in a 20 pL
volume containing 20 ng DNA template, 2.0 puLL 10 X PCR
buffer, 0.5 U Tag-DNA-polymerase, 20 pmol of each
primer and 1.6 pL 2.5 mmol/L dNTP. Amplification was
performed for 1 min at 94°C and followed by 35 cycles
of 30 s at 94°C, 30 s at 59°C, and 30 s at 72°C, and with
a final step at 72°C for 1 min. The PCR products were
then digested with 4¢/1 (New England BiolLabs) and
separated on 8% polyacrylamide gel electrophoresis. After
electrophoresis, homozygous C allele was represented by a
DNA band sized at 306 bp, whereas homozygous G allele
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Figure 1 Genotyping of COX-2 -765G>C polymorphism by PCR-RFLP.

was represented by a DNA band sized at 118 bp and 188
bp, and heterozygotes sized at 306 bp, 118 bp and 188 bp

(Figure 1).

Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (Cls)
were estimated by logistic regression analyses based on
the comparison of genotypes between CRC patients and
healthy controls using SPSS version 13.0, adjusting for the
potential confounders such as age, gender, tobacco use,
alcohol use, and BMI. The asymptomatic Peatson’s y” test
was used to assess Hardy-Weinberg equilibrium. Data were
considered significant when P < 0.05.

RESULTS

Characteristics of the study population and the association
with CRC are presented in Table 1. There were no
significant differences in terms of distributions in age and
gender between the cases and controls (P = 0.325 and
0.951, respectively), but the cases tended to have a higher
body mass index (P < 0.001) and more likely to smoke
cigarettes (P < 0.001).

Distribution of the COX-2 -765G>C polymorphism
genotypes in CRC patients and control subjects is shown
in Table 2. Distribution of genotypes in controls was
in good agreement with Hardy-Weinberg equilibrium
(P = 0.838), so did in cases (P = 0.651). Overall, there was
no association between CRC risk and COX-2 -765G>C
genotype. Similatly, no significant association was observed
between -765G>C polymorphism and clinicopathological
parameters among CRC patients (Table 3).

Risk associated with the COX-2 -765G>C variant
differed by smoking and BMI (Table 4). There was a
positive association between cigarette smoking and
development of CRC in the study population. The
-765GG genotype in smokers was associated with a
relatively increased risk of colorectal cancer compared
to non-smokers (OR = 2.682, 95% CI = 1.336-5.385;
P = 0.0006). The intake of alcohol was not positive for
CRC development in this study. The effect of -765GG
genotypes on CRC development was observed when
individuals were stratified by BMI status. Compared with a
normal BMI (18.5-22.9), those overweight (BMI 23-24.9)
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Table 1 Characteristics of cases and controls

Controls/cases OR 95% CI

Sex

Male 101/70 1

Female 98/67 0.986 (0.638-1.524)
Age (yr)

<60 98/60 1

> 60 101/77 1.245 (0.804-1.928)
Smoking status

Non-smoker 147/75 1

Smoker 52/62 2.337 (1.473-3.708)"
Alcohol duration (yr)

Never 168/103 1

1-15 16/14 1.427 (0.669-3.046)

>15 15/20 2.175 (1.066-4.437)
Body mass index (kg/m’)

18.5-22.9 101/35 1

23-24.9 38/54 4.101 (2.329-7.220)

>25 60/48 2.309 (1.345-3.962)"

“P < 0.001 vs non-smoker group (two-sided y” test): “P < 0.001 vs normal BMI
group (two-sided y test).

Table 2 COX-2 -765G > C genotypes and risk of CRC

Controls/cases OR' 95% CI
COX-2 genotype
e 169/119 1
GC 29/17 0.867 (0.461-1.632)
cc 1/1

'OR for GC/CC genotypes versus GG genotype and adjusted for age, gender,
smoking status, alcohol consumption and body mass index.

had a 3.909-fold higher risk of CRC (OR = 3.909, 95% CI
= 2.081-7.344; P < 0.001), while the obese (BMI > 25) had
a 2.031-fold higher risk of CRC (OR = 1.107, 95% CI =
1.107-3.726; P = 0.022).

DISCUSSION

Numerous studies suggest that COX-2 plays an important
role in the development of CRCM". Howevert, the
results of this study indicated that COX-2 -765G>C
polymorphism was not associated with CRC in this study
population, but smoking and BMI may modify the risk of
CRC in COX-2-765GG genotype.

Although the over-expression of COX-2 is closely
related to the metastasis and invasion of CRC'®, and the
COX-2 -765G>C polymorphism located in the putative
Sp1 binding site may reduce promoter activity responsible
for increasing susceptibility to CRC, our study failed to
detect an association between this polymorphism and
CRC.

Our null findings are consistent with the previous
report of an absence of an association between -765G>C
polymotphism and CRC in Spaniards!"”. Similatly, a study
in Singapore Chinese suggests that the -765G>C genotype
distribution in CRC patients and healthy controls was
comparable, but a significant association between genotype
and risk was observed among consumers of higher n-6
PUFAs!".

Table 3 Relationship between C-1562T and R279Q genotypes

and clinicopathological features of CRC

-765G>C GG/GC+CC OR' 95% CI

Age (yr)

<60 49/11 1

=60 70/7 0.445 (0.161-1.230)
Sex

Male 60/10 1

Female 59/8 0.814 (0.300-2.204)
Lymph node metastasis

N(-) (n=87) 75/12 1

N(+) 41/5 0.762 (0.251-2.314)
TNM classification

Stage [ 22/4 1

> Stage II 94/13 0.761 (0.226-2.558)
External membrane invasion

(+) 91/11 1

(-) 25/6 1.985 (0.668-5.898)

'The data were analyzed by Fisher's exact test.

Table 4 COX-2 genotypes and risk for CRC in association with

smoking status, alcohol duration and BMI

-765GG -765GC+CC
Controls/cases OR (95% CI) Controls/cases OR (95% CI)

Smoking status

Never 126/68 1 21/7 1
Smoker 43/51 2682 9/11 7.963
(1.336-5.385)° (0.615-103.051)
Alcohol duration (yr)
Never 143/89 1 25/14 1
1-15 13/12  0.750 3/2 0.713
(0.303-1.855) (0.044-11.599)
>15 13/18  0.810 2/2 0.199
(0.259-2.531) (0.005-7.669)
Body mass index (BMI)
18.5-22.9 86/31 1 15/4 1
23-24.9 32/46  3.909 6/8 5.128
(2.081-7.344) (0.867-30.320)
>25 51/42  2.031 9/6 6.281
(1.107-3.726)" (0.864-45.631)

P = 0.006 vs non-smoker group, P < 0.001 vs normal BMI group (All
estimates are multivariate adjusted for age, gender, smoking status, alcohol
consumption and body mass index).

In contrast, Tan e a/'” obtained contradictory positive
results that the increased risk for CRC was associated
with the COX-2 -765GC genotype in Chinese population.
To explain this discrepancy, several points should be
considered. Firstly, the different result in association
between COX-2 -765G>C polymorphism and CRC may
be due to the different study population. All our subjects
were unrelated Han Chinese subjects, and drawn from a
population pool in the northern part of China. Secondly,
as the COX-2 -765C allele has lower promoter activity than
the G allele, the over-expression of the COX-2 may lead
to a higher risk of CRC and the G allele may be protective
for CRC. In addition, the small sample size in the present
study could not detect minor effect of the polymorphism
on the development of CRC.

Substantial evidences indicate that significant
exposure to cigarette smoke is associated with an
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elevated risk for CRC and could be a factor of an
eatly onset of CRCP*?!I. Cigarette smoke extract could
promote tumor growth directly on colon cancer cells,
the effect could likely be mediated by activation of
COX-2 and up-regulation of the expression of VEGE,
resulting in the induction of cellular proliferation
and angiogenesis™l. In our analysis, the COX-2
-765GG genotype in smokers was associated with a
significant increase in the risk of CRC compared to non-
smokers.

Obesity is also a risk factor for CRC?*¥, and it has been
shown that body mass index was independent significant
predictors of CRC. In this study, a significant association
was observed for interactions between the polymorphism
and BMI and CRC risk, a BMI of > 23 kg/m?
was associated with an increase in the risk of CRC among
-765GG genotype carriers. These findings support the
hypothesis that smoking and BMI are significant risk
factors for CRC. A stronger gene-environment interaction
in CRC is expected.

The main limitation of our study is the lack of
information on use of COX-2 inhibitors, which may cause
bias in the effect of COX-2 on CRC. Another weakness of
our study is the relative small study size, which may result
in less precise estimation of gene-environment interaction.

In summary, our study found no association between
COX-2 -765G>C polymorphism and CRC. However,
our findings suggest that individuals with the -765GG
genotype may be more sensitive to cigarette smoking and
a higher BMI (> 23 kg/m?), pethaps attributable to the
increased enzymatic activity of COX-2, and increased risk
of CRC. This result is consistent with the observation that
environmental factors were associated with development
of CRC and that the association with smoking and BMI
may differ by COX-2 -765G>C polymorphism.

COMMENTS

Background

Genetic and environmental factors are important in determining the susceptibility
to colorectal cancer (CRC). COX-2, which is an enzyme responsible for the
formation of prostaglandin H2 from arachidonic acid, regulates angiogenesis and
plays a critical role in tumor progression and aggressiveness. To investigate the
role of COX-2 in CRC development, the authors conducted a case-control study of
CRC in northeast China.

Research frontiers

Single nucleotide polymorphisms of COX-2 gene may affect the risk of cancer
formation in humans, and cancer is a complex process involving genetic as well
as environmental factors. The authors conducted this study to investigate the
association between COX-2 polymorphism and CRC and to evaluate the potential
interaction with exposures to smoking and BMI.

Innovations and breakthroughs

There are several reports on the association between COX-2 polymorphisms
and CRC. In this study, although there was no association between CRC risk
and COX-2 -765G>C genotype, risk associated with the COX-2 -765G>C variant
differed by smoking and BMI. A stronger gene-environment interaction in CRC was
observed.

Applications

In the present study, COX-2-765GG genotype appears to be associated with an
increased risk in the presence of smoking and higher body mass index (BMI). The
results can be used to the etiological studies and prevention of colorectal cancer.
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Terminology

Single nucleotide polymorphisms or SNPs (pronounced “snips”) are DNA
sequence variations that occur when a single nucleotide (A, T, C or G) in the
genome sequence is altered. Restriction fragment length polymorphism (RFLP)
is a technique by which organisms may be differentiated by analysis of patterns
derived from cleavage of their DNA.

Peer review

The relationship between a polymorphism in cyclooxygenase-2 (COX-2) promoter
region and the risk of colorectal cancer was studied in this manuscript. Although
the studied polymorphism failed to show an association with colorectal cancer risk,
the authors argued for positive association between this polymorphism and the
risk of colorectal cancer in addition to tobacco use, alcohol intake, and obesity.
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