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Abstract: Aim: To explore the association between COX-2 polymorphisms and non-small cell lung cancer (NSCLC) 
susceptibility. Methods: We collected fasting peripheral venous blood from 60 cases with NSCLC and 62 healthy 
controls through physical examinations, and applied PCR-RFLP to analyze COX-2 polymorphisms of two groups. 
Results: With respect to detecting COX-2 rs689466 and rs5275 polymorphisms, the distribution frequency of mu-
tant genotype AA of COX-2 rs689466 in case group was higher than that in control group, which possessed sig-
nificant difference between two groups (P < 0.05). Carriers with AA genotype were 4.05 times at risk of NSCLC 
than those with GG genotype (P = 0.04, OR=4.05, 95% CI = 1.14-14.43). The distribution of mutant genotype CC 
of COX-2 rs5275 was different between two groups, and carriers with genotype CC were at 5.70 times higher risk 
of NSCLC than those with genotype TT. After corrected by sex, gender, smoking and drinking factors, AA genotype 
of COX-2 rs689466 and CC genotype of COX-2 rs5275 still contributed to increased risk of NSCLC (OR=4.22, 95% 
CI=1.10-16.17, OR=6.95, 95% CI=1.27-38.11). After analyzed of linkage disequilibrium (LD) and haplotypes of al-
leles in two SNPs, the distribution frequency of A-C haplotype in case group was higher than that in control group, 
with significant difference between two groups (P < 0.05). After corrected by sex, gender, smoking and drinking 
factors, statistical difference was still found in the total distribution of A-C haplotype between two groups (P = 0.03, 
OR=6.11, 95% CI=1.16-32.2). Conclusions: COX-2 rs689466 and rs5275 polymorphisms may be related to NSCLC 
susceptibility. And A-C haplotype might be a susceptibility haplotype for NSCLC.
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Introduction

Lung cancer caused by various factors is one of 
the common malignant tumors in China. With 
complex biological characteristics and high 
degree of malignancy, lung cancer has extreme-
ly difficult diagnosis at early stage and limited 
efficacy of the treatment. With increasing cases 
each year, lung cancer has become one of the 
major diseases seriously harmful to health and 
lives of residents in China [1-3]. Based on the 
pathology, lung cancer can be divided into two 
types as small cell lung cancer and NSCLC, and 
patients with NSCLC account for 80% of the 
total lung cancer cases. The clinical common 
NSCLC is shown in four types, including squa-
mous cell carcinoma, adenocarcinoma, bron-
chioloalveolar carcinoma and undifferentiated 
carcinoma [4, 5]. The occurrence of lung cancer 

is closely related to smoking, air pollution and 
other environmental factors.

COX is an important rate-limiting enzyme in the 
process of synthetic prostaglandins (PGs) of 
arachidonic acid metabolism. So far, there are 
at least two kinds of enzymes, namely COX-1 
and COX-2. As a structural enzyme, COX-1 
shows stable expression in most of normal tis-
sues influencing PG synthesis, and further 
maintains normal physiological functions [6]. As 
an inducible enzyme, COX-2 is rarely expressed 
in most of normal tissues. However, when cells 
are stimulated by various factors such as onco-
genes, cytokines, growth factors, endotoxin 
and tumor promoters, COX-2 enzyme begins to 
express in most of normal tissues and partici-
pates in physiological and pathological pro-
cesses, such as inflammation or tumors [7]. 
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Furthermore, several studies have testified that 
overexpression of COX-2 enzyme is associated 
with metastasis of malignant tumors, and plays 
an important role in each stage of tumor metas-
tasis, including decreasing cell adhesion by 
changing margination factors on cell surface 
and extracellular matrix and further promoting 
tumor neovascularization. The expression of 
COX-2 gene is regulated by signaling pathway of 
mitogen activated protein kinase (MAPK) [8, 9]. 
After some stimulus signals combine with epi-
dermal growth factor receptor (EGFR), a series 
of phosphorylation cascade reactions occur in 
the cells, consequently prompting large-scale 
transcription of COX-2 gene. Afterwards, COX-2 
catalyzes and generates plenty of PGE2 which 
can activate EGFR as a feedback. Therefore, 
the cycle enhances signaling pathway of MAPK 
and promotes cell proliferation [10, 11]. Our 
study was to evaluate the association between 
COX-2 polymorphisms and NSCLC susceptibili-
ty by analyzing COX-2 rs689466 and rs5275 
polymorphisms.

Materials and methods 

Study subjects

We selected 60 patients (42 cases of males 
and 18 cases of females) with NSCLC diag-
nosed by surgery and pathology in Department 
of Thoracic Surgery in the Fourth Hospital of 
Hebei Medical University from 2009 to 2011. 
Additionally, mean age of the cases was ranged 
from 52.10 to 72.82. Meanwhile, 62 healthy 
adults (mean age: 43.68-68.62) including 37 
males and 25 females passed through physical 
examinations in the same hospital were select-
ed as control group. The subjects with tumors 
family history and biochemical abnormalities 
were excluded from the study.

Extraction of genome DNA 

A total of 2 ml of fasting venous blood was 
extracted from each subject in two groups and 

anticoagulated using EDTA. Then, genome DNA 
was isolated from leukocytes of peripheral 
blood according to the instructions of AxyPrep. 
The genome DNA was stored at -20°C in a 
refrigerator.

Reaction system of PCR

We detected COX-2 rs689466 and rs5275 
polymorphisms by means of PCR-RFLP. The 
primers sequences of PCR reaction are shown 
in Table 1. PCR reaction system included 1 µL 
DNA template, 1 µL forward primer and 1µL 
reverse primer, 25 µL Master Mix and 21 µL 
ddH2O. The reaction of PCR was proceeded in 
PCR instrument at 98°C predegeneration for 2 
min, 98°C degeneration for 10 s, 57-60°C 
reannealing for 10 s, 68°C extension for 30 s 
(36 cycles), finally conducted at 68°C repair 
extension for 5 min. The PCR products were 
detected with agarose gel electrophoresis. 10 
µL HhaI of restriction enzyme was added to 
PCR amplification products, which was incubat-
ed at 37°C for 2 h. We uniformly mixed 100 ml 
0.5 × TBE with 2.0 g agarose, heated it to boil 
and then added 4 µL ethidium bromide as 
developer, followed by cooling the mixture with 
flat plates. The mixture of 6 µL PCR products 
and 2 µL bromphenol blue was spotted in sam-
ple application holes of electrophoresis tank. 
Electrophoresis was conducted for 1 hour at 85 
V. 100 bp Marker molecular weight of DNA was 
as the standard. Then we recorded and ana-
lyzed COX-2 polymorphisms after photograph-
ing products of PCR reaction under the ultravio-
let lamp.

Genotyping

In terms of COX-2 rs689466, the fragment of 
PCR products was 273 bp. The PCR amplifica-
tion products digested by restriction enzyme 
PvuII were divided into three genotypes with 
digestion sites, including GG (200 bp, 73 bp), 
GA (273 bp, 200 bp and 73 bp) and AA (273 
bp). With respect to COX-2 rs5257, the PCR 
amplification products digested by restriction 
enzyme PvuII were divided into TT, TC and CC 
genotypes.

Statistical analysis

The results were represented by mean ± stan-
dard deviation (_x  ± s) or rate (%). Statistical 
analysis was performed using SPSS 18.0. χ² 

Table 1. Primers sequences
SNPs Primers Sequences
rs5275 Forward 5’-GTTTGAAATTTTAAAGTACTTTGAT-3’

Reverse 5’-TTTCAAATTATTGTTTCATTGC-3’
rs689466 Forward 5’-CCC TGA GCA CTA CCC ATGAT-3’

Reverse 5’-GCC CTT CAT AGG AGATAC TGG-3’
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test was applied to compare differences in age, 
gender, smoking, drinking, and proceed statisti-
cal analyses of distribution frequencies of gen-
otypes and alleles between two groups. 
Additionally, HWE was checked by χ² test. Odds 
ratio (OR) with 95% confidence interval (CI) was 
calculated by unconditional logistic regression. 
The difference was statistically significant when 
P < 0.05.

Results

General characteristics of study subjects

This study was consisted of 60 cases and 62 
controls. As displayed in Table 2, there were no 
significant differences in gender, age and drink-
ing between two groups (P > 0.05). However, 
the difference of smoking status in two groups 
showed statistical significance (P < 0.05).

Association between COX-2 polymorphisms 
and NSCLC risk

All the genotypes of COX-2 polymorphisms in 
two groups were in accordance with HWE (P > 
0.05), suggesting these samples were repre-
sentative in the total population (Table 3). The 
distribution frequency of mutant genotype AA 
of COX-2 rs689466 in case group was higher 
than that of control group, which presented sig-
nificant difference between two groups (P < 
0.05). Carriers with genotype AA were at 3.05 
times higher risk of NSCLC than those with gen-
otype GG (P = 0.04, OR=4.05, 95% CI=1.14-
14.43). The distribution of mutant genotype CC 

haplotype and the expected random frequency. 
The value of Lewontin’ s D’ is one of the stan-
dards in judging LD. SHEsis online software 
was applied to analyze relevance of alleles in all 
the study subjects, with significance of D’> 0.7. 
Our study showed that D’ values of alleles 
between two SNPs were higher than 0.7. 
Therefore, obvious LD existed between COX-2 
rs689466 and rs5275, which constituted a 
haplotype field.

After analyzing LD and haplotypes of alleles in 
two SNPs, the distribution frequency of A-C 
haplotype in case group was higher than that in 
control group, with significant difference 
between two groups (P < 0.05). After corrected 
by sex, gender, smoking and drinking factors, 
statistical difference was still found in the total 
distribution of A-C haplotype between two 
groups (P = 0.03, OR=6.11, 95% CI=1.16-32.2). 
However, the distribution frequencies of other 
three haplotypes between two groups showed 
no statistical significance (P > 0.05). Thus, A-C 
haplotype might be a susceptibility haplotype 
for NSCLC, as shown in Table 4.

Discussion

The human COX-2 gene with the length of 8 kb 
is located in 1q25.2-25.3 and consisted of for-
ward region of transcriptional start site at 5’ 
end, protein coding region including 10 exons 
and 9 introns, and non-coding region at 3’ end. 
In addition, the 5’ flanking region contains 
some possible transcriptional regulatory sequ- 
ences, including TATA box sequence at 25 bp 

Table 2. General characteristics in case and control group
General char-
acteristics

Case 
(n=60)

Control  
(n=62) P OR (95% CI)

Gender
    Male 42 (70) 37 (59.6) 0.260 1.577 (0.745-3.337)
    Female 18 (30) 25 (40.4)
Age
    ≤50 14 (23.3) 21 (33.9) 0.233 0.594 (0.268-1.318)
    >50 46 (76.7) 41 (66.1)
Smoking status
    Smoking 40 (66.7) 30 (48.4) 0.046 2.133 (1.026-4.437)
    Not smoking 20 (33.3) 32 (51.6)
Drinking status
    Drinking 45 (75) 42 (67.7) 0.427 1.429 (0.648-3.150)
    Not drinking 15 (25) 20 (32.3)

of COX-2 rs5275 was different in 
two groups, and carriers with geno-
type CC were at 6.70 times the risk 
of NSCLC than those with genotype 
TT (OR=6.70, 95% CI=1.35-33.31). 
After corrected by sex, gender, 
smoking and drinking factors, AA 
genotype of COX-2 rs689466 and 
CC genotype of COX-2 rs5275 still 
resulted in increased risk of NSCLC 
(OR=4.22, 95% CI=1.10-16.17; OR= 
6.95, 95% CI=1.27-38.11).

Analyses of LD and haplotypes

LD refers to obvious difference 
between frequency of two alleles at 
different sites occurring in the same 
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site in forward transcription region, one motif of 
CCAAT enhancer binding protein (C/EBP), two 
AP-2 sites, three SP1 sites, two NF-kβ sites, 
one motif of cAMP response elements and one 
Est-1 site [12, 13]. Stimulated cells are tran-
scribed at 5’ end after a series of signal trans-
duction, and further induce the expression of 
COX-2. Existing data confirm that the genetic 
variations of above regulatory elements play 
important roles in transcriptional control and 
expression of COX-2 [14]. PGs catalyzed by 
COX-2 are not only involved in inflammation, dif-
ferentiation and conduction of normal keratino-
cytes, neural conduction and body heat regula-
tion, but also closely associated with tumors in 
the process of occurrence, development, and 
metastasis [15].

The COX-2 rs5257 is located at the reverse site 
of terminator in 3’ non-coding region which con-
tains abundant AU sequences. These AU 
sequences can achieve regulation of post-tran-
scriptional level and mediate the degradation 
of mRNA by interactions with trans-acting RNA 
conjugated protein or miRNAs. Certainly, differ-
ent intensity of combination can result in dis-
tinct mRNA degradation, ultimately leading to 
different susceptibility to tumors [16, 17]. Thus, 
COX-2 rs5277 polymorphisms can influence 
genetic expression levels and change individual 
susceptibility to tumors. COX-2 rs689466 is 
located in promoter region of COX-2 gene which 
can activate special transcription factors and 
further regulate COX-2 expression with various 
enhancers and transcriptional regulatory ele-

ments. And polymorphisms in promoter region 
are crucial genetic factors influencing genetic 
transcription and regulation [18]. Zhang et al., 
demonstrated COX-2 rs689466 polymor-
phisms which produced a combined site of 
c-MYB transcription factor, enhanced the tran-
scriptional activity of COX-2 gene and was in 
association with susceptibility to cancer [19, 
20].

Lung cancer is one of the diseases with increas-
ing high morbidity and mortality in the world at 
present. The incidence of lung cancer is consid-
ered to be associated with environmental and 
genetic factors. Based on the study of Campa 
et al., in European Caucasians, compared with 
TT genotype of COX-2 rs5275, TC and CC geno-
types contributed to significantly increased risk 
of NSCLC [21]. Subsequently, Campa et al., car-
ried out a large-scale study and indicated no 
relationship between COX-2 rs5257 polymor-
phisms and lung cancer susceptibility [22]. 
However, Hu et al., pointed out CT and CC geno-
types could decrease risk of lung cancer, and 
showed a more significant correlation of COX-2 
rs5275 polymorphisms with NSCLC risk in 
stratified analysis in Chinese population, with 
TT genotype of COX-2 rs5257 as a control [23].

Few studies reported the association between 
COX-2 polymorphisms and NSCLC susceptibili-
ty. In our study, the distribution frequency of 
mutant genotype AA of COX-2 rs689466 in 
case group was higher than that in control 
group, with significant difference between two 

Table 3. Distributional comparisons of genotypes and alleles of COX-2 rs689466 and rs5275 poly-
morphisms
Genotype/Allele Case n= 60 (%) Control n= 62 (%) P OR (95% CI) Pa ORa (95% CI)
rs689466
    GG 20 (33.3) 27 (43.5) 1.00 1.00
    GA 28 (46.7) 31 (50) 0.70 1.22 (0.56-2.64) 0.62 1.23 (0.54-2.79)
    AA 12 (20) 4 (6.5) 0.04 4.05 (1.14-14.43) 0.04 4.22 (1.10-16.17)
    G 68 (56.7) 85 (68.5) 1.00
    A 52 (43.3) 39 (31.5) 0.06 1.67 (0.99-2.81) 0.13 1.3 (0.83-4.45)
rs5275
    TT 23 (38.3) 28 (45.2) 1.00 1.00
    TC 26 (43.3) 32 (51.6) 1.00 0.99 (0.46-2.11) 0.69 0.85 (0.38-1.91)
    CC 11 (18.4) 2 (3.2) 0.01 6.70 (1.35-33.31) 0.03 6.95 (1.27-38.11)
    T 72 (60) 88 (71) 1.00
    C 48 (40) 36 (29) 0.08 1.63 (0.96-2.78) 0.52 0.31 (0.58-2.95)
Note: aIndicates data after corrected by sex, gender, smoking and drinking.
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groups. Carriers with AA genotype were 4.05 
times at risk of NSCLC than those with GG gen-
otype. The distribution of mutant genotype CC 
of COX-2 rs5275 was different in two groups, 
and carriers with CC genotype were 5.70 times 
higher risk of NSCLC than those with genotype 
TT. Thus, AA genotype in COX-2 rs689466 and 
CC genotype in COX-2 rs5275 might be suscep-
tibility genotypes. After corrected by sex, gen-
der, smoking and drinking factors, AA genotype 
of COX-2 rs689466 and CC genotype of COX-2 
rs5275 still contributed to increased risk of 
NSCLC. Based on analyses of haplotypes in two 
SNPs, A-C haplotype in two SNPs could increase 
risk of NSCLC. In conclusion, mutant genotypes 
of COX-2 rs689466 and rs5275 polymorphisms 
might be associated with NSCLC susceptibility 
and COX-2 gene might be a susceptibility gene.

The occurrence and development of lung can-
cer are influenced by various factors, and the 
pathogenesis is relatively complex. With cer-
tain limitations of sample size and individual 
differences in samples, large-scale studies are 
needed to further evaluate the association 
between COX-2 polymorphisms and NSCLC 
susceptibility.
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