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Abstract: Genetic polymorphisms of cyclooxygenase-2 (Cox-2) gene have been implicated in the susceptibility to 
hepatocellular carcinoma (HCC), but the findings from published studies are conflicting and inconclusive. To obtain 
a more precise estimate of the association of Cox-2 polymorphisms with HCC risk, we performed a meta-analysis 
of eight eligible case-control studies identified through an extensive online database search of PubMed, Embase, 
Cochrane Library, Web of Science, China National Knowledge Infrastructure, Wanfang and Chinese Biomedicine 
Database; after exclusion, 2324 cases and 2604 controls were included. The pooled odds ratios with corresponding 
95% confidence intervals were calculated to assess associations, using fixed- or random-effect models. In addition, 
subgroup analysis by ethnicity and sensitivity analysis were performed. Our results showed that the Cox-2 rs20417 
(-765 G/C) polymorphism was not associated with HCC risk in the studied genetic contrast modes (C vs. G, GC vs. 
GG, and CC + GC vs. GG). No significant association was found with ethnic groups examined (P > 0.05). Similarly, 
no significant association of the Cox-2 rs5275 (+ 8473 T/C) polymorphism and HCC risk was found under any of the 
studied contrasts (C vs. T, TC vs. TT, CC vs. TT, CC + TC vs. TT, CC vs. TC + TT). The present meta-analysis, combining 
all currently available data, suggests no significant associations of either Cox-2 polymorphism with HCC risk. Further 
studies with a larger sample size are needed to determine the association in different ethnicities.
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Introduction 

Hepatocellular carcinoma (HCC) is the most 
common type of primary liver cancer, account-
ing for approximately 6% of all human cancers 
and half a million deaths per year, representing 
a major worldwide health problem [1, 2]. 
Although research carried out on the well-
established risk factors, including hepatitis B 
virus (HBV), hepatitis C virus (HCV), aflatoxin 
exposure, smoking, and alcohol abuse, has 
contributed to improvements in the diagnosis 
and treatment of HCC, the inability to detect 
HCC at an early stage and the lack of effective 
monitoring for HCC progression may contribute 
to nearly identical incidence and mortality rates 
[3-6]. Accordingly, efforts to identify specific 
methods for the diagnosis and prevention of 
HCC are necessary. A growing body of evidence 

has indicated the importance of individual sus-
ceptibility to the development of cancer and 
has demonstrated that genetic polymorphisms 
can predict cancer risk and may enable early 
diagnosis of cancers [7, 8].

Cyclooxygenases, also known as prostaglandin 
endoperoxide H synthases or prostaglandin 
G/H synthases, are key enzymes that mediate 
the conversion of free arachidonic acid into 
prostaglandin H2 and other eicosanoids [9-11]. 
Cyclooxygenase-2 (COX-2) is the principal mem-
ber of the cyclooxygenase family known to influ-
ence cancer development and progression 
through the regulation of several biologic pro-
cesses, such as apoptosis inhibition, inflamma-
tion, immune response suppression, tumor cell 
invasion, metastasis, and angiogenesis [12]. A 
large volume of research data has demonstrat-
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rent meta-analysis: (1) studies were case-con-
trol or cohort studies evaluating the association 
of Cox-2 rs20417 or rs5275 polymorphisms 
with HCC risk; (2) malignant tumor diagnoses 
were pathologically or histologically confirmed; 
and (3) sufficient data were provided for the 
calculation of odds ratio (OR) with 95% confi-
dence interval (CI).

Exclusion criteria 

Studies were excluded from the meta-analysis 
for the following reasons: (1) control popula-
tions were not included; (2) outcomes of com-
parative analyses were not reported or difficult 
to determine; (3) investigations were based on 
incomplete raw data or overlapping studies; 
and (4) abstracts, case reports, comments, let-
ters, reviews, or editorials.

Data extraction 

Using a standardized form, the following data 
were extracted from each included publication 
by two independent investigators: first author, 
year of publication, region, ethnicity (catego-
rized as Caucasians, Asians, and others), sam-
ple size, source of controls, genotyping method, 
allele or genotype frequencies, and evidence of 
Hardy-Weinberg equilibrium (HWE). Any dis-
crepancies were resolved by discussion or con-
sultation with a third investigator until a con-
sensus was reached.

Statistical analysis 

Individual or pooled OR with 95% CI was calcu-
lated to assess the strength of the associations 
between Cox-2 rs20417 and rs5275 polymor-
phisms and HCC risk using Review Manager 
version 5.2 software (provided by The Cochrane 
Collaboration, Oxford, England) (http://www.
cochrane.org/software/revman.htm). Inter-stu- 
dy heterogeneity was estimated using a chi-
square-based Q-statistic test, with Ph-values of 
< 0.1 indicating significant heterogeneity [19, 
20]. The significance of the pooled statistical 
data was determined by the Z-test, with 
P-values < 0.05 considered significant, using 
the fixed-effect or random-effect model in the 
absence (Ph > 0.1) or presence (Ph < 0.1) of het-
erogeneity, respectively [21, 22]. Subgroup 
analysis according to the ethnicity was also 
performed. The potential for publication bias 
was measured using Begg’s funnel plot, in 

ed that COX-2 is normally absent in hepatic tis-
sue, although overexpression is often observed 
in HCC, indicating a potential role in hepatocar-
cinogenesis [13-16]. The expression of COX-2 is 
regulated by a complex signal transduction 
pathway, in which many nuclear proteins inter-
act with the Cox-2 promoter region and play a 
decisive role in gene transcription [17]. 
Therefore, single nucleotide polymorphisms 
(SNPs) in the Cox-2 promoter may exert pro-
found effects on transcriptional activity by 
altering the binding capacity of certain nuclear 
proteins, thereby affecting expression of the 
COX-2 enzyme, and resulting in variability in 
individual susceptibility to cancer [18]. 
Numerous epidemiologic investigations assess-
ing the association of the rs20417 (-765 G > C) 
and rs5275 (+ 8473 T/C) polymorphisms in the 
promoter region of Cox-2 with HCC risk have 
been carried out in recent years. However, the 
evidence of a genetic association remains 
weak, due to the paucity of data and conflicting 
results of published studies. Hence, the current 
meta-analysis was performed to clarify the 
association of these Cox-2 polymorphisms with 
HCC risk, by combined analysis of relevant pub-
lished studies. 

Materials and methods

Literature and search strategy 

A comprehensive electronic search of PubMed, 
Embase, the Cochrane Library, the Web of 
Science, the China National Knowledge 
Infrastructure, Wanfang, and the Chinese 
Biomedicine Database was conducted to iden-
tify studies linking Cox-2 polymorphisms and 
HCC risk. Studies available online involving 
human HCC, and written in English or Chinese, 
were retrieved up to July 2014. The following 
query was used to carry out the electronic data-
base search: [“cyclooxygenase-2” or “Cox-2”] 
and [“liver carcinoma” or “liver cancer” or 
“hepatocellular carcinoma” or “HCC”] and 
[“polymorphism” or “polymorphisms” or “SNP” 
or “variant” or “genotype”]. Other potentially eli-
gible studies were identified through individual 
and manual searches of reference lists of major 
textbooks, reviews, and included articles. In 
the case of overlapping studies, only the study 
with the largest sample size was included.

Inclusion criteria 

Studies were required to meet each of the fol-
lowing eligibility criteria for inclusion in the cur-
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Table 1. Summary of characteristics of all included studies in the meta-analysis
First
author Year Ethnicity

Genotype-case Genotype-control Source of
control

Genotype
method

Cox-2
polymorphism

HWE
testVR Ho/Ht/WT Ho VR Ho/Ht/WT Ho

Chang 2012 Asian 0/36/262 0/48/250 hospital PCR-RFLP rs20417 Y
2012 Asian 0/103/195 0/97/201 hospital PCR-RFLP rs5275 N

Gharib 2014 African 4/30/86 6/39/85 hospital PCR-RFLP rs20417 Y
Akkiz 2011 Caucasian 4/46/79 15/39/75 population PCR-RFLP rs20417 N

2011 Asian 8/56/65 9/62/58 population PCR-RFLP rs5275 Y
Fan 2011 Asian 36/235/509 25/258/497 hospital Taqman rs5275 Y
Xu 2008 Asian 0/37/233 0/25/515 population PCR-RFLP rs20417 Y
He 2012 Asian 10/67/223 2/37/261 population PCR-RFLP rs20417 Y
VR, variant; WT, wild-tlype; Ht, heterozygote; VR Ho, variant homozygote; WT Ho, wide-type homozygote; Y, in agreement with 
HWE (Hardy-Weinberg equilibrium); N, in disagreement with HWE.

which the standard error of logOR of each study 
was plotted against its logOR, and an asymmet-
ric plot suggested possible publication bias 
[23]. The funnel plot asymmetry was further 
assessed using Egger’s linear regression test 
(a P-value of < 0.05 was considered significant) 
[24]. Begg’s and Egger’s tests were both per-
formed using Stata 12.0 software (Stata 
Corporation, College Station, Texas, USA). In 
order to enhance the credibility of the results, 
sensitivity analysis was also performed by 
sequential omission of individual studies in the 
analysis of various contrasts. 

Results

Study characteristics 

Initially, 32 potentially relevant publications 
investigating the association between Cox-2 
rs20417 and rs5275 polymorphisms and the 
risk of HCC were retrieved according to the 
search strategy. The titles, abstracts, and full 
texts of all retrieved publications were carefully 
reviewed and screened using defined criteria. 
Six studies met the defined inclusion criteria 
and were included in the current meta-analysis 
[11, 25-29]. As more than one case–control 
study was included in the publications by Chang 
et al. [25] and Akkiz et al. [26], each was con-
sidered as a separate study in the meta-analy-
sis. Therefore, a total of eight case–control 
studies from six publications (four in English 
and two in Chinese) were used in this study, 
involving 2324 cases and 2604 controls 
(rs20417, 1117 cases and 1397 controls; 
rs5275, 1207 cases and 1207 controls). Of 
these, six case-control studies were conducted 
in Asian populations, and one each in African 

and Caucasian populations. Polymorphisms in 
control subjects were in agreement with HWE in 
all studies, except for those of Chang et al. [25] 
and Akkiz et al. [26]. Detailed characteristics of 
the included studies are summarized in Table 
1.

Meta-analysis results 

The primary results of the meta-analysis are 
presented in Table 2 and Figure 1. In total, five 
studies, including 1117 cases and 1397 con-
trols, examining the association between the 
Cox-2 rs20417 polymorphism and HCC risk, 
were included in our meta-analysis, we found 
no significant association using three different 
allele or genotype contrasts: C vs G, GC vs. GG, 
and CC + GC vs. GG (Allele contrast, C vs. G: OR 
= 1.24, 95% CI = 0.67-2.27, Ph < 0.001; Ht vs. 
WT Ho, GC vs. GG: OR = 1.34, 95% CI = 0.75-
2.38, Ph < 0.001; Dominant model, CC + GC vs. 
GG: OR = 1.29, 95% CI = 0.70-2.38, Ph < 0.001). 
This association was not examined using CC vs. 
GG or CC vs. GC + GG contrasts due to the low 
frequency of the CC genotype or C allele in 
cases and controls. When stratified by ethnici-
ty, meta-analysis showed no significant results 
(P > 0.05). A meta-analysis of 1207 cases and 
1207 controls from three studies was carried 
out to test the association of the rs5275 poly-
morphism with HCC. No significant association 
was found using the following allele and geno-
type contrasts: C vs. T; TC vs. TT; TC vs. TT; dom-
inant model, CC + TC vs. TT; recessive model, 
CC vs. TC + TT. (Allele contrast, C vs. T: OR=0.99, 
95% CI = 0.86-1.14, Ph = 0.67; Ht vs. WT Ho, TC 
vs. TT: OR = 0.93, 95% CI = 0.78-1.10, Ph = 
0.51; VR Ho vs. WT Ho, CC vs. TT: OR = 1.25, 
95% CI = 0.78-1.98, Ph = 0.33; Dominant model, 
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Table 2. Associations between rs20417 and rs5275 polymorphisms in Cox-2 and HCC risk

Cox-2
polymorphisms

Study
group

Sample size Allele contrast Ht vs. WT Ho VR Ho vs. WT Ho Dominant model Recessive model

(case/control) OR [95% CI] Ph OR [95%CI] Ph OR [95% CI] Ph OR [95% CI] Ph OR [95% CI] Ph

rs20417 overall 1117/1397 1.24 [0.67, 2.27] < 0.001 1.34 [0.75, 2.38] <0.001 - - 1.29 [0.70, 2.38] < 0.001 - -
Asian 868/1138 1.73 [0.75, 4.03] < 0.001 1.70 [0.71, 4.05] <0.001 - - 1.75 [0.72, 4.24] < 0.001 - -
Other 249/259 0.74 [0.55, 1.01] 0.85 0.93 [0.63, 1.37] 0.33 - - 0.82 [0.57, 1.17] 0.66 - -

rs5275 overall 1207/1207 0.99 [0.86, 1.14] 0.67 0.93 [0.78, 1.10] 0.51 1.25 [0.78, 1.98] 0.33 0.95 [0.81, 1.13] 0.57 1.31 [0.83, 2.07] 0.37
VR, variant; WT, wild-type; Ht, heterozygote; VR Ho, variant homozygote; WT Ho, wide-type homozygote. Ph, P value of Q-test for heterogeneity test, and Random effects model was used when P value for 
heterogeneity test <0.1; otherwise, fixed effects model was used in the analysis.
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Figure 1. Meta-analysis of the associations between Cox-2 rs20417 and rs5275 polymorphisms and HCC cancer 
risk (A, rs20417: GC vs. GG; B, rs5275: TC vs. TT).

CC + TC vs. TT: OR = 0.95, 95% CI = 0.81-1.13, 
Ph = 0.57; Recessive model, CC vs. TC+TT: OR = 
1.31, 95% CI = 0.83-2.07, Ph = 0.37).

Sensitivity analysis and publication bias 

Sensitivity analysis was performed by sequen-
tial omission of individual studies to investigate 
the influence of each study on the overall OR. 
The significance of the pooled OR in the analy-
sis of rs20417 and rs5275 was not excessively 
affected in any of the contrasts analyzed, indi-
cating the robustness of the meta-analysis 
results. No evidence of publication bias was 
seen from the symmetrical graphics using 
Begg’s funnel plot for either SNP (Figure 2); this 
was supported by the results of Egger’s tests 
(rs20417, GC vs. GG: P = 0.817; rs5275, TC vs. 
TT: P = 0.962).

Discussion

The genetic origin of HCC had been a focus of 
research in recent years, and several studies 
have found that genetic alterations may be use-
ful indicators of early-stage disease, or may 
predict the risk of HCC [9, 30, 31]. Cox-2 was 
implicated in the formation of prostaglandins, 
which may contribute to the initiation and pro-
gression of cancer [32], and the overexpres-
sion of COX-2 was frequently observed in vari-
ous types of cancer tissue, including HCC 
[33-35]. Given the important role of COX-2 in 

many cellular functions, including inhibition of 
apoptosis, tumor growth, angiogenesis, inva-
sion, and metastasis, it is biologically plausible 
that Cox-2 polymorphisms may be associated 
with an increased risk of HCC [36-38]. A poly-
morphism in the promoter region of Cox-2 could 
functionally upregulate the transcriptional 
activity of COX-2, indicating a possible mecha-
nism by which Cox-2 may contribute to genetic 
susceptibility to HCC [39]. A previous meta-
analysis, combining 5 individual studies, has 
suggested that a common polymorphism, Cox-2 
-1195G > A, was associated with an increased 
risk of HCC [40]. Recently, the association 
between two other common variants of Cox-2, 
the rs20417 and rs5275 polymorphisms, and 
the risk of HCC has been investigated in numer-
ous association studies. However, the results 
have been inconsistent, possibly due to limited 
sample size and ethnic variation. In order to 
address the inconsistencies and limitations of 
previously published studies, and to draw a 
more robust conclusion, the current meta-anal-
ysis was performed.

In the present study, our first meta-analysis 
included five case-control studies involving 
1117 cases and 1397 controls to investigate 
the association between the Cox-2 rs20417 
polymorphism and HCC risk. No significant 
association was found in our analysis, in con-
trast to some previous individual studies. Xu et 
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Figure 2. Begg’s funnel plots for publication bias test on the associations of between Cox-2 rs20417 and rs5275 
polymorphisms and HCC cancer risk (A, rs20417: GC vs. GG; B, rs5275: TC vs. TT).

al. found that individuals with a GC genotype 
had a markedly elevated risk of HCC compared 
to GG carriers [28]. He et al. found that carriers 
of the C allele in the rs20417 polymorphism 
had an increased risk of HBV-related liver can-
cer [29]. Conversely, a study by Akkız et al. [26] 
reported that the proportion of CC variant was 
significantly lower in patients with HCC than 
control subjects, suggesting that the Cox-2 
rs20417 polymorphism may be associated 
with a reduced risk of HCC. Moreover, two previ-
ous studies by Gharib et al. [11] and Chang et 
al. [25] found no association between the Cox-2 
rs20417 polymorphism and HCC risk, in line 
with the results of our meta-analysis. Small 
sample sizes likely account for discrepancies 
between studies. An assessment of the asso-
ciation between the Cox-2 rs20417 polymor-
phism and HCC risk found that more precise 
estimates were obtained using large sample 
numbers than individual analyses using smaller 
sample sizes. In light of differences in genetic 
backgrounds, which may contribute to varia-
tions in the association of SNPs with HCC, we 
also conducted analyses stratified by ethnicity. 
However, we failed to show any significant asso-
ciation between the Cox-2 rs20417 polymor-
phism and HCC risk in any population analyzed, 
indicating that ethnicity may not be involved in 
this association. However, only one study in a 
Caucasian [26] and one in an African popula-
tion [11] were included in this meta-analysis. 
Therefore, future investigations into ethnic dif-
ferences may validate the association of this 
polymorphism with HCC, especially in Cauca- 
sians and Africans. 

In our second meta-analysis of three case-con-
trol studies, including 1207 cases and 1207 
controls, we found no significant association 
between HCC and the rs5275 polymorphism, 
which was in accordance with the findings of 
the previous studies. We did not perform sub-
group analysis due to the limited number of 
studies included in this meta-analysis. 
Therefore, no conclusions could be drawn 
regarding ethnic associations. Nevertheless, 
the current study is the first meta-analysis car-
ried out to investigate the association between 
the Cox-2 rs5275 polymorphism and the risk of 
HCC in a large number of cases, using all eligi-
ble published studies. Collectively, the develop-
ment of HCC is attributed to the interaction 
between environmental factors, such as hepa-
titis virus and life style [4, 40], and genetic sus-
ceptibility. The polymorphisms of Cox-2 studied 
here may not directly affect susceptibility to 
HCC, but rather they may be involved in gene-
gene or gene-environment interactions in hepa-
tocarcinogenesis, which may account for the 
negative associations found.

Despite considerable efforts made to explore 
the associations between Cox-2 rs20417 and 
rs5275 polymorphisms and HCC risks, several 
limitations must be acknowledged. First, het-
erogeneity can interfere with the interpretation 
of results of a meta-analysis. Although the like-
lihood was minimized by using a rigorous search 
strategy, explicit inclusion criteria, and strict 
data extraction and analysis, significant inter-
study heterogeneity was found in nearly every 
comparison studied, especially for rs20417. 
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Second, there is no doubt that variations in 
individual susceptibility to HCC can be attribut-
ed to complex gene-gene and gene-environ-
mental exposure interactions [4]. It has been 
well documented that the development of HCC 
is significantly associated with hepatitis virus 
infection and alcohol abuse [40]. However, we 
were unable to investigate the interactions of 
Cox-2 rs20417 and rs5275 polymorphisms 
with other genes and environmental factors 
involved in the development of HCC, due to a 
lack of necessary data. Third, there is a lack of 
available studies regarding these associations 
in different ethnicities. Only one study was car-
ried out in a Caucasian and one in an African 
population for the rs20417 polymorphism, and 
the three studies of the rs5275 polymorphism 
were pooled in our meta-analysis, which limited 
our ability to draw more useful conclusions. 
Additionally, the results obtained in the present 
study are based on unadjusted estimations. 
Some major confounding variables, including 
age, smoking and alcohol status, hepatitis virus 
status, family history, and environmental fac-
tors should be taken into consideration for a 
more accurate analysis. 

In summary, our meta-analysis combining all 
currently available data suggests no significant 
associations of Cox-2 rs20417 and rs5275 
polymorphisms with HCC. However, further 
studies in different ethnic groups using large 
sample sizes and well-matched controls are 
greatly needed to clarify any associations. 
Future studies considering gene-gene and 
gene-environment interactions are encouraged 
to provide a more comprehensive understand-
ing of the potential role of Cox-2 polymorphisms 
in the pathogenesis of HCC.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Shijie Zhang, 
Department of Hepatobiliary Surgery, The First 
Affiliated Hospital of School of Medicine, Shihezi 
University, Shehezi City 832002, Xinjiang, China. 
Tel: 86-13909936819; Fax: 86-0993-2059445; 
E-mail: zhangshijiewk1@sina.com

References

[1] Kirk GD, Bah E, Montesano R. Molecular epi-
demiology of human liver cancer: insights into 

etiology, pathogenesis and prevention from 
the gambia, west africa. Carcinogenesis 2006; 
27: 2070-82.

[2] Jain S, Singhal S, Lee P, Xu R. Molecular genet-
ics of hepatocellular neoplasia. Am J Transl 
Res 2010; 2: 105-18.

[3] Mizrak D, Engin B, Onder FO, Yener B, Bektas 
M, Biyikli Z, Idilman R, Cinar K, Karayalcin K, 
Ersoz S, Karayalcin S, Ozden A, Yurdaydin C, 
Yazihan N, Ataoglu H, Bozkaya H, Uzunalimog-
lu O. Aflatoxin exposure in viral hepatitis pa-
tients in turkey. Turk J Gastroenterol 2009; 20: 
192-7.

[4] El-Serag HB. Hepatocellular carcinoma. N Engl 
J Med 2011; 365: 1118-27.

[5] Forner A, Llovet JM, Bruix J. Hepatocellular car-
cinoma. Lancet 2012; 379: 1245-55.

[6] Forner A, Bruix J. Biomarkers for early diagno-
sis of hepatocellular carcinoma. Lancet Oncol 
2012; 13: 750-1.

[7] Putman RK, Rosas IO, Hunninghake GM. Ge-
netics and early detection in idiopathic pulmo-
nary fibrosis. Am J Respir Crit Care Med 2014; 
189: 770-8.

[8] Soares S, Craveiro R, Catarino R, Breda E, Me-
deiros R, Bravo I. The role of nt590 p21 gene 
polymorphism in the susceptibility to nasopha-
ryngeal cancer. Exp Oncol 2014; 36: 44-7.

[9] Mohamed FZ, Hussein YM, El-Deen IM, Sabea 
MS. Cyclooxygenase-2 single-nucleotide poly-
morphisms and hepatocellular carcinoma in 
egypt. Mol Biol Rep 2014; 41: 1461-8.

[10] DeWitt DL. Prostaglandin endoperoxide syn-
thase: regulation of enzyme expression. Bio-
chim Biophys Acta 1991; 1083: 121-34.

[11] Gharib AF, Karam RA, Abd El Rahman TM, El-
sawy WH. Cox-2 polymorphisms -765g→C and 
-1195a→G and hepatocellular carcinoma risk. 
Gene 2014; 543: 234-6.

[12] Ozhan G, Lochan R, Leathart JB, Charnley R, 
Daly AK. Cyclooxygenase-2 polymorphisms 
and pancreatic cancer susceptibility. Pancreas 
2011; 40: 1289-94.

[13] Bae SH, Jung ES, Park YM, Kim BS, Kim BK, 
Kim DG, Ryu WS. Expression of cyclooxygen-
ase-2 (cox-2) in hepatocellular carcinoma and 
growth inhibition of hepatoma cell lines by a 
cox-2 inhibitor, ns-398. Clin Cancer Res 2001; 
7: 1410-8.

[14] Sung YK, Hwang SY, Kim JO, Bae HI, Kim JC, 
Kim MK. The correlation between cyclooxygen-
ase-2 expression and hepatocellular carcino-
genesis. Mol Cells 2004; 17: 35-8.

[15] Giannitrapani L, Ingrao S, Soresi M, Florena 
AM, La Spada E, Sandonato L, D’Alessandro N, 
Cervello M, Montalto G. Cyclooxygenase-2 ex-
pression in chronic liver diseases and hepato-
cellular carcinoma: an immunohistochemical 
study. Ann N Y Acad Sci 2009; 1155: 293-9.

mailto:zhangshijiewk1 @sina.com


Cox-2 polymorphisms and the risk of hepatocellular carcinoma

6905 Int J Clin Exp Pathol 2014;7(10):6898-6905

[16] Shiota G, Okubo M, Noumi T, Noguchi N, Oya-
ma K, Takano Y, Yashima K, Kishimoto Y, Ka-
wasaki H. Cyclooxygenase-2 expression in he-
patocellular carcinoma. Hepatogastroenter- 
ology 1999; 46: 407-12.

[17] Dixon DA. Regulation of cox-2 expression in hu-
man cancers. Prog Exp Tumor Res 2003; 37: 
52-71.

[18] Sitarz R, Leguit RJ, de Leng WW, Polak M, 
Morsink FM, Bakker O, Maciejewski R, Offer-
haus GJ, Milne AN. The COX-2 promoter poly-
morphism -765 G > C is associated with early-
onset, conventional and stump gastric cancers. 
Mod Pathol 2008; 21: 685-90.

[19] Higgins JP, Thompson SG. Quantifying hetero-
geneity in a meta-analysis. Stat Med 2002; 21: 
1539-58.

[20] Higgins JP, Thompson SG, Deeks JJ, Altman 
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-60.

[21] Mantel N, Haenszel W. Statistical aspects of 
the analysis of data from retrospective studies 
of disease. J Natl Cancer Inst 1959; 22: 719-
48.

[22] DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials 1986; 7: 177-88.

[23] Begg CB, Mazumdar M. Operating characteris-
tics of a rank correlation test for publication 
bias. Biometrics 1994; 50: 1088-101.

[24] Egger M, Davey SG, Schneider M, Minder C. 
Bias in meta-analysis detected by a simple, 
graphical test. BMJ 1997; 315: 629-34.

[25] Chang WS, Yang MD, Tsai CW, Cheng LH, Jeng 
LB, Lo WC, Lin CH, Huang CY, Bau DT. Associa-
tion of cyclooxygenase 2 single-nucleotide 
polymorphisms and hepatocellular carcinoma 
in taiwan. Chin J Physiol 2012; 55: 1-7.

[26] Akkiz H, Bayram S, Bekar A, Akgollu E, Ulger Y. 
Functional polymorphisms of cyclooxygen-
ase-2 gene and risk for hepatocellular carci-
noma. Mol Cell Biochem 2011; 347: 201-8.

[27] Fan X, Chou X, Yu H, Zeng X, Yang Y, Bei C, 
Huang J. Association of cox-2 gene snps with 
the risk of hepatocellular carcinoma. Chin J 
Cancer Prev Treat 2011; 18: 405-9.

[28] Xu D, Zhang X, Zhao P, Cai J, Zhao D, Tan W, 
Guo Y, Lin D. Association between single nucle-
otide polymorphisms in promoter of cox-2 gene 
and hereditary susceptibility to hepatooellular 
carcinoma. Chin J Hepatobiliary Surg 2008; 
14: 840-3.

[29] He J, Zhang Q, Ren Z, Li Y, Li X, Zhou W, Zhang 
H, Meng W, Yan J, He W. Cyclooxygenase-2 
2765 g/c polymorphisms and susceptibility to 
hepatitis b-related liver cancer in han chinese 
population. Mol Biol Rep 2012; 39: 4163-8.

[30] Zucman-Rossi J, Laurent-Puig P. Genetic diver-
sity of hepatocellular carcinomas and its po-
tential impact on targeted therapies. Pharma-
cogenomics 2007; 8: 997-1003.

[31] Liu C, Wang H. Xrcc3 t241m polymorphism is 
associated risk of hepatocellular carcinoma in 
the chinese. Tumour Biol 2013; 34: 2249-54.

[32] Prescott SM, Fitzpatrick FA. Cyclooxygenase-2 
and carcinogenesis. Biochim Biophys Acta 
2000; 1470: M69-78.

[33] Sezgin AA, Yildirim M, Suren D, Yildiz M, Kaya 
V, Donem DU, Sezer C. Expression of cyclooxy-
genase-2 and bcl-2 in breast cancer and their 
relationship  with triple-negative disease. J 
BUON. 2014; 19: 430-4.

[34] Pomianowska E, Schjolberg AR, Clausen OP, 
Gladhaug IP. Cox-2 overexpression in resected 
pancreatic head adenocarcinomas correlates 
with favourable prognosis. BMC Cancer 2014; 
14: 458.

[35] Kwon SH, Jeong SW, Jang JY, Lee JE, Lee SH, 
Kim SG, Kim YS, Cho YD, Kim HS, Kim BS, Jin 
SY. Cyclooxygenase-2 and vascular endothelial 
growth factor in chronic hepatitis, cirrhosis and 
hepatocellular carcinoma. Clin Mol Hepatol 
2012; 18: 287-94.

[36] Ogunwobi OO, Wang T, Zhang L, Liu C. Cyclo-
oxygenase-2 and akt mediate multiple growth-
factor-induced epithelial-mesenchymal transi-
tion in human hepatocellular carcinoma. J 
Gastroenterol Hepatol 2012; 27: 566-78.

[37] Leahy KM, Koki AT, Masferrer JL. Role of cyclo-
oxygenases in angiogenesis. Curr Med Chem 
2000; 7: 1163-70.

[38] Liu JL, Liang Y, Wang ZN, Zhou X, Xing LL. Cy-
clooxygenase-2 polymorphisms and suscepti-
bility to gastric carcinoma: a meta-analysis. 
World J Gastroenterol 2010; 16: 5510-7.

[39] Sitarz R, Leguit RJ, de Leng WW, Polak M, 
Morsink FM, Bakker O, Maciejewski R, Offer-
haus GJ, Milne AN. The COX-2 promoter poly-
morphism -765 G > C is associated with early-
onset, conventional and stump gastric cancers. 
Mod Pathol 2008; 21: 685-90.

[40] Bu X, Zhao C. The association between cyclo-
oxygenase-2 1195 g/a polymorphism and he-
patocellular carcinoma: evidence from a meta-
analysis. Tumour Biol 2013; 34: 1479-84. 


