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Abstract. The aim of the present study was to determine the
association between polymorphisms in the cyclooxygenase-2
(COX-2) gene promoter region, rs20417 G/C and rs2745557 G/A,
and the susceptibility to colorectal cancer (CRC) inaHan Chinese
population in Shaanxi, China. Polymerase chain reaction and
restriction fragment length polymorphism (PCR-RFLP) were
used to detect the polymorphisms of COX-2, rs20417 G/C and
1s2745557 G/A, in 300 patients with CRC and 300 healthy indi-
viduals in the present case-control study. The results revealed
that for the COX-2 rs20417 G/C polymorphism, the GC+CC
allele frequency was 80% in CRC patients and 71% in healthy
controls [odds ratio (OR)=1.63; 95% confidence interval (CI),
1.12-2.38; P=0.01]. For the COX-2 152745557 G/A polymorphism,
the GA+AA allele frequency was 84% in CRC patients and 73%
in healthy controls (OR=1.94; 95% CI, 1.30-2.90; P<0.01). In
addition, among individuals with a smoking history, drinking
history or family history of CRC, those who were COX-2
rs20417 (GC+CC) or COX-2 rs2745557 (GA+AA) carriers had
a significantly increased risk of developing CRC compared
with that of GG genotype carriers (P<0.05). Furthermore, the
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allelic frequencies of COX-2 rs20417 G/C and rs2745557 G/A
in patients with lymph node metastasis in stage III/IV of CRC
were significantly different from those of COX-2 rs20417 G/C
and rs2745557 G/A in patients without lymph node metastasis
in stage I/II (P<0.05). In conclusion, the results of the present
study revealed that COX-2 rs20417 C allele carriers and
1rs2745557 A allele carriers have a significantly increased risk
of CRC compared with GG genotype carriers; in addition, the
frequencies of these alleles were demonstrated to be associated
with lymph node metastasis and CRC progression.

Introduction

Numerous previous studies have confirmed that patients who
suffer from inflammatory diseases of the colon, including
Crohn's disease and ulcerative colitis, have a markedly greater
risk of colorectal cancer (CRC) (1-3). This therefore indicates that
inflammation has a critical role in the pathogenesis of numerous
types of cancers. The pro-inflammatory enzyme cyclooxy-
genase (COX), alternatively named prostaglandin endoperoxide
synthases, converts arachidonic acid into prostaglandins, which
have an important role in the inflammatory response (3).

There are two main isozymes of COX: COX-1, which is
continuously expressed and is involved in maintaining homeo-
stasis; and COX-2, which is primarily involved in the production
of prostaglandins throughout the inflammatory response, the
overexpression of which enhances proliferation, attenuates
apoptosis and promotes the invasion of cancer cells, leading
to angiogenesis (4-7). Previous studies have provided evidence
for an association between COX-2 and certain types of cancer,
including CRC, gastric cancer and esophageal carcinoma (8-10).

Single-nucleotide polymorphisms (SNP) have been
detected in the COX-2 gene promoter region, including
1520417 G/C and rs2745557 G/A (11). In comparison to other
SNPs, these polymorphisms have received much attention
in regards to their association with the risk of cancer. It has
been suggested that they may disrupt gene transcription
and/or mRNA stability as well as modulate the inflammatory
response, which may result in varied individual susceptibility
to cancer (12,13). In addition, numerous molecular epidemio-
logical studies have evaluated the association between these
COX-2 promoter polymorphisms and varied susceptibility
to types of cancer among different populations; however, the
results of these studies remain controversial (14,15).
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One study reported that the COX-2 rs2745557 G/A SNP
promoted COX-2 transcription through producing a transcrip-
tional factor c-Myb-binding site, which in turn enhanced the
risk of esophageal squamous cell carcinoma in a Chinese
population (16). In addition, the COX-2 rs20417 G/C polymor-
phism was reported to result in an increased risk of esophageal
cancer (16). However, the functional implications of these
COX-2 SNPs remain controversial (11,17).

It was proposed that COX-2 genetic polymorphisms that
alter protein expression and/or activity may affect the inflam-
matory response and in turn influence the risk of CRC. The
present case-control study was performed using a popula-
tion of Han Chinese CRC patients and healthy volunteers in
Shaanxi, China. The study aimed to evaluate the associations
of the COX-2 promoter region variants, rs20417 G/C and
rs2745557 G/A, with the susceptibility for CRC. In addition,
the present study aimed to analyze the association between
these genetic variants and metastatic CRC.

Subjects and methods

Study subjects and clinical characteristics. A case-control
study was performed in order to evaluate the risk factors for
CRC. A total of 300 CRC patients and 300 healthy controls
were enrolled in the present study between October 2009 and
October 2013. All subjects were of Han Chinese ethnicity and
from Shaanxi, China. In addition, all CRC patients enrolled
in the study were cases which had been newly diagnosed and
were confirmed as colorectal adenocarcinoma through histo-
pathological analysis; these patients were enrolled at the First
Affiliated Hospital of Xi'an Jiaotong University (Xi'an, Shaanxi,
China). Patients were excluded from the present study if they
had a history of previous cancer diagnosis, chemotherapy
or radiotherapy. At the time of diagnosis, the pathological
stage of CRC was classified according to the 1987 Union for
International Cancer Control Tumor-Node-Metastasis (TNM)
grade classification (TNM I-1V) (18). In addition, tumor grades
were classified according to the World Health Organization
grade classification (19): Well differentiated, low; moderately
differentiated, intermediate; and poorly differentiated, high.
The control group consisted of healthy, cancer-free individuals
who had attended a community cancer screening program
for the early detection of cancer based, which was conducted
in Shaanxi province during the time period when the cases
were collected and involved physical examinations, including
chest radiography, endoscopy and abdominal ultrasonography.
Controls had no individual history of cancer and were frequency
matched to patients based on gender and age. CRC patients and
controls were asked a series of questions in order to determine
demographic characteristics and potential risk factors for CRC.
Written informed consent was obtained from all participants;
this included their agreement to participate in the study and to
allow their biological samples to be genetically analyzed. The
study was approved by the Ethics Committee of Xi'an Jiao Tong
University.

DNA extraction. A total of 4 ml fasting peripheral blood was
collected from all subjects and added to blood collection
tubes with k2-EDTA anticoagulant, then stored at -80°C.
The DNA from whole blood was extracted using a standard
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Table I. Basic clinical characteristics in the CRC group and
control group.

Classified variable Control (%) CRC (%)
Age, years

<65 170 (56.7) 162 (54)

=65 130 (43.3) 138 (46)
Gender

Male 202 (67.3) 209 (69.7)

Female 98 (32.7) 91 (30.3)
Smoking history

No 183 (61) 155 (51.7)

Yes 117 (39) 145 (48.3)"
Drinking history

No 117 (39) 87 (29)

Yes 183 (61) 213 (71)°
Family history

No 271 (90.3) 246 (82)

Yes 29 (9.7) 54 (18)¢

“P<0.05 vs. no smoking history; "P<0.05 vs. no drinking history;
‘P<0.05 vs. no family history.

proteinase K digestion and the phenol/chloroform method, as
previously described (16).

COX-2 rs20417 G/C and rs2745557 G/A polymorphism geno-
type. Genomic DNA was isolated from the peripheral blood
lymphocytes of each participant using the Puregene DNA
Isolation Kit, according to the manufacturer's recommendation
(Gentra Systems, Inc., Big Lake, MN, USA). Genotypes of the
COX-2 rs20417 G/C and rs2745557 G/A polymorphisms were
examined using polymerase chain reaction-based restriction
fragment length polymorphism (PCR-RFLP) as previously
described (16). All chemicals used were of analytical grade
and were purchased from Sigma-Aldrich (St. Louis, MO,
USA) unless otherwise stated. All PCRs were conducted in
total volume of 25 pl, comprising 19.8 4l H,0, 2.5 ul 10X reac-
tion buffer, 0.5 ul ANTP (10 mM), 0.2 ul Taq DNA polymerase
and 0.5 ul of each forward and reverse primers (20 #M). The
primers were obtained from Applied Biosystems Life Tech-
nologies (Foster City, CA, USA) and the sequences were as
follows: Forward, 5"TTTAGCGTTTGTCCATCAGAAG-3'
and reverse, 5-GGGGCGAGTAAGGTTAAGAAA-3' for
COX-2rs20417G/C;andforward,5-TCAGCCATACAGGTGAG-
TACC-3' and reverse, 5'-CTGGGAGCAGGAAAGAACTG-3'
for COX-2 rs2745557 G/A. The PCR commenced with 10 min
at 96°C, followed by 45 cycles of 30 sec at 96°C, 30 sec at
T,, (60-63°C) and 30 sec at 72°C, and finally 10 min at 72°C.
The genotypes determined using PCR-RFLP were confirmed
through direct DNA sequencing of the PCR products from
all samples using Big Dye Terminator Cycle Sequencing kit
(Applied Biosystems Life Technologies) on an ABI 3500xI1
DNA Analyzer (Applied Biosystems Life Technologies).
Genotyping was performed blind to the samples patient or
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Table II. Frequency distribution of cyclooxygenase-2 rs20417G/C in the CRC and control groups.
rs20417 Control (%) CRC (%) x> P-value OR (95% CI)
GG 87 (29) 60 (20)
GC 104 (34.7) 117 (39) 5.20 0.02 1.63 (1.07-2.49)
CC 109 (36.3) 123 (41) 5.36 0.02 1.64 (1.08-2.49)
GC+CC 213 (71) 240 (80) 6.57 0.01 1.63 (1.12-2.38)

CRC, colorectal cancer; OR, odds ratio, CI, confidence interval.

Table III. Frequency distribution of cyclooxygenase-2 1s2745557 G/A in the CRC and control groups.

1s2745557 Control (%) CRC (%) . P-value OR (95% CI)
GG 81 (27) 48 (16)

GA 105 (35) 123 (41) 9.25 <0.01 1.98 (1.27-3.08)
AA 114 (38) 129 (43) 8.52 <0.01 1.91 (1.23-2.96)
GA+AA 219 (73) 252 (84) 10.75 <0.01 1.94 (1.30-2.90)

CRC, colorectal cancer; OR, odds ratio, CI, confidence interval.

Marker GC GG cC
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Figure 1. Cyclooxygenase-2 rs20417 G/C polymorphism genotypes, as
determined using polymerase chain reaction-based restriction fragment
length polymorphism.
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Figure 2. Cyclooxygenase-2 rs2745557 G/A polymorphism genotypes, as
determined using polymerase chain reaction-based restriction fragment
length polymorphism.

control status; all samples were evaluated three times by
different investigators and the reproducibility was 100%.

Statistical analysis. Associations between COX-2 genotypes
and susceptibility to CRC were calculated using odds ratios
(ORs) and 95% confidence intervals (CIs) through logistic
regression. ORs were adjusted for age and gender. Differ-
ences between genotype distributions among subgroups
were evaluated using y* tests. P<0.05 was considered
to indicate a statistically significant difference between
values and all statistical tests were two-sided. All statis-
tical analyses were performed using SPSS 19.0 software
(International Business Machines, Armonk, NY, USA).

Results

Characteristics of the study population. The mean age of
CRC patients was 60+10.21 years and the mean age of healthy
control group was 58+12.35 years. No significant differences
were identified between age and gender between the case and
control groups. As shown in Fig. 1, the frequency distribution
of CRC patients with a history of smoking or drinking was
significantly increased compared with the healthy controls;
in addition, a significant difference was detected between
those with a family history of CRC in the CRC and healthy
control groups (P<0.05).

Genotype frequencies of COX-2 rs20417 G/C and
rs2745557 G/A and their association with CRC risk. The
genotype of COX-2 rs20417 G/C polymorphism included
GG, GC and CC. The fragments with 245 and 111 bp demon-
strated a GG wild-type homozygous genotype, a single
357 bp fragment stood for the CC homozygous genotype
and three fragments of 357, 245 and 111 bp indicated the GC
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Table IV. Frequency distribution of cyclooxygenase-2 rs20417 G/C with age, gender, smoking history, drinking history and

family history of CRC in the CRC and control groups.

Control CRC

Classified variable GG (%) GC+CC (%) GG (%) GC+CC (%) OR (95% CI)
Age, years

<65 134 (44.7) 36 (12.0) 117 (39.0) 45 (15.0) 1.43 (0.87-2.37)

=65 106 (35.3) 24 (8.0) 101 (33.7) 37 (12.3) 1.70 (0.96-3.04)
Gender

Male 168 (56.0) 34 (11.3) 165 (55.0) 44 (14.7) 1.32 (0.80-2.17)

Female 70 (23.3) 28 (94) 59 (19.7) 32 (10.6) 1.36 (0.73-2.51)
Smoking history

No 136 (45.3) 47 (15.7) 110 (36.7) 45 (15.0) 1.18 (0.73-1.91)

Yes 92 (30.7) 25(8.3) 89 (29.7) 56 (18.6) 2.30 (1.33-4.03)
Drinking history

No 95 (31.7) 22(7.3) 69 (23.0) 18 (6.0) 1.13 (0.56-2.26)

Yes 164 (54.7) 19 (6.3) 158 (52.7) 55(18.3) 3.01 (1.71-5.29)°
Family history

No 246 (82.0) 25 (8.3) 214 (71.3) 32 (10.7) 1.47 (0.85-2.56)

Yes 18 (6.0) 11 (3.7) 20 (6.7) 34 (11.3) 2.78 (1.10-7.06)

1P<0.05 vs. no smoking history; "°P<0.05 vs. no drinking history; “P<0.05 vs. no family history. CRC, colorectal cancer; OR, odds ratio; CI,

confidence interval.

heterozygous genotype (Fig. 1). The COX-2 rs2745557 G/A
polymorphism also consisted of three genotypes: GG, GA
and AA. As shown in Fig. 2, the fragments with 238 and
161 bp represented the GG homozygous wild-type genotype,
the single fragment of 400 bp depicted the AA homozygous
genotype and the GA heterozygous genotype was indicated
by three fragments with 400, 238 and 161 bp.

As show in Table II, GG, GC and CC allele frequencies
of the COX-2 rs20417 G/C polymorphism were 29, 34.7 and
36.3%, respectively, in the healthy control group and 20,
39 and 41%, respectively, in the CRC group. This therefore
indicated that the observed genotype frequencies of SNPs in
the two groups were in accordance with the Hardy-Weinberg
equilibrium. The distribution of these genotypes and their
association with CRC risk was then analyzed between the
CRC and healthy control groups. For the rs20417 G/C poly-
morphism, the GC+CC allele frequency was 80% in CRC
patients and 71% in healthy controls (OR=1.63; 95% CI,
1.12-2.38; P=0.01).

As show in Table III, the allele frequencies of GG, GA
and AA of the COX-2 rs2745557 G/A polymorphism were
27, 35 and 38%, respectively, in healthy controls and 16, 41
and 43%, respectively, in patients with CRC. Therefore, the
observed genotype frequencies of SNPs in the two groups
were in accordance with the Hardy-Weinberg equilibrium. In
addition, there was a significant difference in genotype distri-
bution of the COX-2 rs2745557 G/A polymorphism between
the two groups (P<0.01). The GA+AA allele frequency was
84% in CRC patients and 73% in healthy controls (OR=1.94;
95% CI, 1.30-2.90; P<0.01). Based on these results, it was
determined that COX-2 rs20417 C allele (GC+CC) carriers

and rs2745557 A allele (GA+AA) carriers have an increased
risk of CRC compared with GG genotype carriers.

Association of COX-2 rs20417 G/C and rs2745557 G/A poly-
morphism with age, gender, drinking history, smoking history
and family history of CRC. The potential interactions between
COX-2 1520417 G/C and rs2745557 G/A polymorphisms and
characteristics including age, gender, smoking history, drinking
history and family history of CRC were analyzed using SPSS
software. As shown in Tables IV and V, there was no statisti-
cally difference in age and gender between the CRC and healthy
control groups. It was demonstrated that among subjects who
had a history of smoking, those who were COX-2 rs20417
(GC+CC) carriers had a significantly greater risk of developing
CRC in comparison with GG genotype carriers in the healthy
controls (OR=2.30; 95% CI 1.33-4.03; P<0.05). In addition,
COX-2 rs2745557 (GA+AA) carriers with a smoking history
had an increased risk of CRC relative to that of GG genotype
carriers in the healthy controls (OR=2.31; 95% CI, 1.09-4.86;
P<0.05). For subjects with a history of drinking, COX-2
1520417 (GC+CC) carriers exhibited a markedly increased risk
of CRC compared with healthy control GG genotype carriers
(OR=3.01; 95% CI 1.71-5.29; P<0.05); while COX-2 rs2745557
(GA+AA) carriers also demonstrated a higher risk for CRC in
comparison with GG genotype carriers in the healthy control
group (OR=2.75; 95% CI, 1.59-4.76; P<0.05). Furthermore,
in subjects with a family history of CRC, COX-2 rs20417
(GC+CC) carriers had an increased risk of CRC compared
with GG genotype carriers in healthy controls (OR=2.78; 95%
CI, 1.10-7.06; P<0.05); while COX-2 rs2745557 (GA+AA)
carriers also exhibited an elevated risk for CRC compared with
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Table V. Frequency distribution of cyclooxygenase-2 rs2745557 G/A with age, gender, smoking history, drinking history and
family history of CRC in the CRC and control groups.

Control

Classified variable GG (%) GC+CC (%) GG (%) GC+CC (%) OR (95% CI)
Age

<65 years 139 (46.3) 31(104) 126 (42.0) 36 (12.0) 1.28 (0.75-2.19)

=65 years 108 (36.0) 22 (7.3) 105 (35.0) 33(11.0) 1.54 (0.85-2.82)
Gender

Male 169 (56.3) 33(11.0) 168 (56.0) 41 (13.7) 1.25(0.75-2.08)

Female 81 (27.0) 17.(5.7) 66 (22.0) 25 (8.3) 1.81 (0.90-3.62)
Smoking history

No 146 (48.7) 37 (12.3) 115 (38.3) 40 (13.3) 1.37 (0.83-2.28)

Yes 106 (35.3) 11 (3.7) 117 (39.0) 28 (94) 2.31 (1.09-4.86)"
Drinking history

No 105 (35.0) 12 (4.0) 72 (24.0) 15(5.0) 1.82 (0.80-4.12)

Yes 162 (54.0) 21(7.0) 157 (52.3) 56 (18.7) 2.75 (1.59-4.76)
Family history

No 236 (78.7) 35(11.6) 204 (68.0) 42 (14.0) 1.39 (0.85-2.26)

Yes 21(7.0) 8(2.7) 24 (8.0) 30 (10.0) 3.28 (1.24-8.70)°

1P<0.05 vs. no smoking history; "°P<0.05 vs. no drinking history; “P<0.05 vs. no family history. CRC, colorectal cancer; OR, odds ratio; CI,

confidence interval.

Table VI. Associations between COX-2 rs20417 G/C single-nucleotide polymorphism and biological behaviors in

colorectal cancer.

COX-2rs20417G/C

Pathological features n GG (%) GC (%) CC (%) GC+CC (%)

Location
Colon 144 27 (18.8) 63 (43.7) 54 (37.5) 117 (81.2)
Rectum 156 33 (21.2) 54 (34.6) 69 (44.2) 123 (78.8)
OR (95% CI) 0.70 (0.38-1.31) 1.05 (0.56-1.95) 0.86 (0.49-1.31)

Lymphatic metastasis
No 168 47 (28.0) 58 (34.5) 63 (37.5) 121 (72.0)
Yes 132 13 (9.8) 41 (31.1) 78 (59.1) 119 (90.2)
OR (95% CI) 2.56 (1.23-5.32)* 4.48 (2.23-9.00)* 3.56 (1.83-6.91)

TNM stage
I/ 156 54 (28.2) 61 (45.5) 41 (26.3) 102 (71.8)
v 144 27 (18.8) 63 (43.7) 54 (37.5) 117 (81.2)
OR (95% CI) 2.07 (1.16-3.69)° 2.63 (1.42-4.87)° 2.30 (1.35-3.91)°

1P<0.05 vs. no lymphatic metastasis; "P<0.05 vs. TNM stage I/II. COX-2, cyclooxygenase-2; OR, odds ratio; CI, confidence interval; TNM,

tumor-node-metastasis.

GG genotype carriers in healthy controls (OR=3.28; 95% ClI,

1.24-8.70; P<0.05).

Association of COX-2 rs20417 G/C and rs2745557 G/A poly-
morphism with CRC disease status. The associations between

COX-2 genotypes and tumor stage or grade, as determined at the
time of diagnosis, were further evaluated. Significant associa-
tions were not observed between COX-2 genotypes and disease
location of CRC; however, the results revealed that TNM stage of
CRC at diagnosis was associated with the COX-2 rs20417 G/C
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Table VII. Associations between COX-2 rs2745557 G/A single-nucleotide polymorphism and biological behaviors in

colorectal cancer.

COX-2rs20417G/C

Pathological features n GG (%) GC (%) CC (%) GC+CC (%)
Part
Colon 144 26 (18.1) 60 (41.7) 58 (40.2) 118 (81.9)
Rectum 156 23 (14.7) 63 (40.4) 70 (44.9) 133 (85.3)
OR (95% CI) 1.19 (0.61-2.30) 1.36 (0.71-2.64) 1.27 (0.69-2.35)
Lymphatic metastasis
No 168 58 (34.5) 35 (20.8) 75 (44.7) 110 (65.5)
Yes 132 21 (15.9) 30 (22.7) 81 (61.4) 111 (84.1)
OR (95% CI) 2.36 (1.18-4.76) 2.98 (1.65-5.38)" 2.79 (1.59-4.90)
TNM stage
I/ 156 55(35.3) 40 (25.6) 61 (39.1) 101 (64.7)
/v 144 14 (9.7) 33 (22.9) 97 (67.4) 130 (90.3)
OR (95% CI) 3.24 (1.54-6.84)° 6.25(1.87-4.91)° 5.06 (2.66-9.61)°

1P<0.05 vs. no lymphatic metastasis; "P<0.05 vs. TNM stage I/II. COX-2, cyclooxygenase-2; OR, odds ratio; CI, confidence interval; TNM,

tumor-node-metastasis.

and rs2745557 G/A polymorphisms. As shown in Tables VI
and VII, the allelic frequencies of COX-2 rs20417 G/C (GG,
18.8%; GC, 43.7%; CC, 37.5%) and rs2745557 G/A (GG, 9.7%;
GA,22.9%; AA, 67.4%) in stage ITII/TV CRC were significantly
different from COX-2 rs20417 G/C (GG, 28.2%; GC, 45.5%;
CC, 26.3%) and rs2745557 G/A (GG, 35.3%; GA, 25.6%; AA,
39.1%) in stage I/I CRC (P<0.05). In addition, the COX-2
1520417 G/C and rs2745557 G/A genotype was demonstrated
to be significantly associated with lymph node metastasis. The
allelic frequencies of the COX-2 rs20417 G/C (GG, 9.8%; GC,
31.1%; CC, 59.1%) and rs2745557 G/A (GG, 15.9%; GA, 22.7%;
AA, 61.4%) in patients with lymph node metastasis were
significantly different from COX-2 rs20417 G/C (GG, 28.0%;
GC, 34.5%; CC, 37.5%) and 152745557 G/A (GG, 34.5%; GA,
20.8%; AA, 44.7%) in patients without lymph node metastasis.
These results indicated that patients with CRC, who express a
COX-2 rs20417 C allele (GC or CC genotype) and/or a COX-2
rs2745557 A allele (GA or AA genotype) had a markedly
increased risk of developing higher stages of CRC, including
high-grade CRC and lymph node metastasis.

Discussion

The present study aimed to investigate the correlation between
polymorphisms in the COX-2 promoter region (rs20417 G/C and
1s2745557 G/A) and the risk of CRC. Genotyping of 300 CRC
patients and 300 healthy controls was performed in a Han
Chinese population in Shaanxi, China. The results revealed that
COX-2 rs20417 G/C and rs2745557 G/A polymorphisms were
associated with a greater risk of developing CRC. In addition,
these results demonstrated that the COX-2 rs20417 G/C and
1s2745557 G/A polymorphisms were associated with metastatic
CRC and that patients with these variant alleles had a greater
susceptibility to the development of advanced CRC. Based on

these results, it was suggested that the functional variants of
COX-2 may result in susceptibility to cancer and therefore have
an important role in colorectal carcinogenesis.

Case-control studies have been performed in several coun-
tries and different ethnic populations (20-23). In line with the
results of the present study, a previous study in a Singapore
Chinese population indicated that the COX-2 rs20417 C
allele was associated with an elevated susceptibility for colon
cancer (20). In addition, a previous study in a Spanish population
revealed that a COX-2 polymorphism in the untranslated region
of exon 10 was associated with a greater risk of CRC (24). By
contrast, a certain study reported that the COX-2 rs20417 C allele
was associated with a reduced risk of colorectal adenoma in
non-users of NSAIDs in a Caucasian American population (21).
Furthermore, COX-2 polymorphism of an amino acid substitu-
tion was correlated with a decreased risk of colorectal neoplasia
in an African-American population (22,23). Therefore, there
is difference between COX-2 polymorphisms and CRC risk
among various ethnic populations; however, the biological func-
tion of the COX-2 polymorphism remains elusive (24,25).

Although the invasion and metastasis of CRC are a
prominent cause of cancer-associated mortality worldwide,
the initial pathogenesis of CRC remains to be fully elucidated.
Several studies have demonstrated that COX-2 overexpression
was associated with the invasive capacity of colon cancer cells
and advanced stages of CRC (26,27). In addition, COX-2 and
its downstream prostaglandins are strongly correlated with
cell proliferation, angiogenesis and immunosuppression, all of
which may be involved in the development of advanced stages
of CRC (28-30). In the present study, the COX-2 rs20417 C
allele and rs2745557 A allele were revealed to be associated
with an enhanced susceptibility to high-grade CRC. Based on
these findings, it was speculated that COX-2 may be involved
in the tumorigenesis and progression of CRC, as the COX-2
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1520417 C allele and rs2745557 A allele were found to be
significantly correlated with the risk of CRC progression.

In conclusion, the results of the present study demonstrated
that the COX-2 rs20417 G/C and rs2745557 G/A polymor-
phisms were factors which were associated with genetic
susceptibility for developing CRC in a Han Chinese popula-
tion. In addition, the present study revealed that the COX-2
1520417 G/C and rs2745557 G/A alleles were associated with
an enhanced susceptibility for the advanced stages of CRC.
Furthermore, these findings were in concurrence with the
biological functions associated with these polymorphisms
and confirmed the hypothesis that genetic polymorphisms in
the COX-2 promotor region, which result in altered protein
expression and/or activity, may mediate the inflammatory
response, resulting in altered susceptibility to CRC.
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