
Int J Clin Exp Med 2015;8(9):16294-16300
www.ijcem.com /ISSN:1940-5901/IJCEM0011932

Original Article 
The Ser326Cys polymorphism of hOGG1 is associated 
with intrahepatic cholangiocarcinoma susceptibility  
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Abstract: Objective: Intrahepatic cholangiocarcinoma is a rare disease whose etiology is far from clear, the Ser326Cys 
polymorphism in human 8-hydroxyguanine glycosylase (hOGG1) has been shown associated with various cancers, 
however, the association of Ser326Cys (rsl052133) polymorphism and intrahepatic cholangiocarcinoma suscepti-
bility has not been clarified. The purpose of this study is to investigate whether this polymorphism is related to the 
genetic susceptibility of intrahepatic cholangiocarcinoma. Methods: A total 150 patients and 150 normal people 
were included in this study, the Ser326Cys polymorphisms in each group were genotyped using PCR-RFLP method. 
Results: We found that individuals carrying Cys/Cys genotype were exposed to higher riskof intrahepatic cholan-
giocarcinoma (OR=2.924, 95% CI=1.475-5.780) compared with the individuals with wild type genotype Ser/Ser. 
Further analysis revealed that male individuals carrying Cys/Cys genotype also had increased risk (OR=2.762, 95% 
CI=1.233-6.173), whereas no significant difference was observed in female group. Conclusions: Therefore, our data 
indicates that the Ser326Cys (rs1052133) polymorphism is associated with intrahepatic cholangiocarcinoma sus-
ceptibility, and it shows preference in male population.

Keywords: hOGG1, polymorphism, intrahepatic cholangiocarcinoma

Introduction

Intrahepatic cholangiocarcinoma (ICC) is a sub-
type of a family of aggressive cholangiocarcino-
mas, tumors that arise from the epithelial of 
intrahepatic bile ducts [1]. It is a relatively rare 
neoplasm which for example only accounts for 
4%-10% of primary hepatic carcinomas [2, 3]. 
Thanks to the popularization of new diagnostic 
techniques such as magnetic resonance chol-
angiopancreatography (MRCP) and endoscopic 
retrograde cholangiopancreatography (ERCP), 
the detection rate of intrahepatic cholangiocar-
cinoma slightly increased in recent years. 
Despite the improvements of early diagnosis 
and treatment of intrahepatic cholangiocarci-
noma that achieved in last decades, intrahe-
patic cholangiocarcinoma is still considered to 
have very poor prognosis than hepatocellular 
carcinoma. Surgery is the only curative app- 

roach; nevertheless, it is not always practica-
ble. It can be rapidly fatal, associated with 
median survival between 3.1 and 7.7 months in 
case of unresectable tumor. Additionally, the 
etiology of intrahepatic cholangiocarcinoma is 
still unclear but, generally, like many other types 
of cancer, it might result from environmental 
risk factors acting on certain susceptible popu-
lations [4].

As cells are constantly challenged by environ-
mental factors and intracellular stresses that 
cause damages to DNA double helix, the nor-
mal cell functions are highly dependent on DNA 
repair processes. Challenged by reactive oxy-
gen species (ROS), the chemical structure of 
guanine is often modified to form 8-oxoguanine, 
which can be removed by a base excision repair 
process. 8-Oxoguanine glycosylase (OGG1), a 
DNA glycosylase, plays a key role in this pro-
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cess. Human OGG1 (hOGG1) is a gene that 
broadly expressed in various organs such as 
lung, liver, stomach and prostate, etc. Recent 
studies have shown that OGG1 may be associ-
ated with cancer risk in BRCA1 and BRCA2 
mutation carriers [5], which underlies its poten-
tial roles in the diagnosis and prognosis of 
cancer.

Recent advances in molecular biology have 
prompted single nucleotide polymorphisms 
(SNPs) to come into the sight of tumor diagno-
sis, prognosis and even treatment. So far, the 
most extensive studied functional polymor-
phism of hOGG1 is Ser326Cys, which refers to 
the replacement of Serine at codon 326 with 
Cysteine. It has been shown that hOGG1 
Ser326Cys polymorphism is associated with a 
variety of cancers [6-9]. However, its role in 
intrahepatic cholangiocarcinoma has not been 
reported. The present study was designed 
attempting to analysis whether hOGG1 Ser- 
326Cys plays a role in the etiology of intrahe-
patic cholangiocarcinoma. In this case-control 
study, we genotyped 150 patients and 150 nor-
mal people, the frequencies of Ser326Cys poly-
morphism in each group were compared. 

Materials and methods

Study population and blood sample collection

This study included 150 intrahepatic cholangio-
carcinoma patients (80 male and 70 female, 
age 63.5±14.6) and 150 normal people (80 
male and 70 female, age 62.3±9.3) in the First 
Affiliated Hospital of Nanjing Medical University 
from July 2009 to November 2014. Definitive 
diagnoses were made by Computed Tomograp- 
hy (CT), Magnetic Resonance Imaging (MRI), 
MRCP or ERCP in all patients, 90 intrahepatic 
cholangiocarcinoma patients have been con-
firmed by biopsy or postoperative histopatholo-
gy. The normal people in control group were 
free from severe diseases of heart, lung and 
kidney as well as cancers. There was no blood 
relationship between individuals in each group. 
We requested the subjects in this study to fill a 
questionnaire that include social-demographic 
characteristics, age, sex, personal habits, dis-
ease history and so on, and informed consent 
was obtained from all the subjects. 2-3 ml 
blood samples were collected in EDTA-An- 

ticoagulant tubes and stored in a -80°C re- 
frigerator. 

Isolation of genomic DNA 

A phenol-chloroform based DNA isolation pro-
tocol was used to extract genomic DNA from 
blood samples. Briefly, the blood samples were 
digested by protease K and RNase A at 55°C 
for 3 h, followed by adding equal volume of Tris-
phenol and choloroform/isoamyalcohol (24:1) 
to each sample. Then, the samples were centri-
fuged at 2500 rpm for 15 min; the aqueous 
phase in each sample was transferred into a 
new tube. Equal volume of absolute ethanol 
was added to each tube to precipitate the DNA, 
followed by twice wash with 75% ethanol. The 
DNA were dissolved in TE buffer and stored in 
-20°C.

Genotyping of hOGG1 Ser326Cys polymor-
phism

The Ser326Cys polymorphism was assessed 
by a PCR-RFLP method as described elsewhere 
[7]. The primer set for PCR amplification is  
forward 5’-CTGTTCAGTGCCGACCTGCGCCGA-3’ 
and reverse 5’-ATCTTGTTGTGCAAACTGAC-3’. A 
single base mismatch was introduced in the 
forward primer so as to form an Mbo I site in 
wild type allele. After digested by Mbo I for 3 h 
at 37°C. PCR products were subjected to aga-
rose gel electrophoresis. The wild type allele 
presents a 224 bp band and a 23 bp band due 
to the artificial MboI site, whereas the mutant 
allele presents a 247 bp band only. The poly-
morphisms detected in gel were confirmed by 
sequencing.

Statistical analysis

All the data were presented as mean ± S.D; 
comparisons between two groups were per-
formed by student’s t test. Hardy Weinberg 
equilibrium test and the gene frequency 
between groups were compared by χ2 test. A 
two tailed p value less than 0.05 was consid-
ered to be statistically significant. Odds ratio 
(OR) and 95% confidence intervals (CI) were 
used to determine the risk of intrahepatic chol-
angiocarcinoma of each genotypic groups. The 
OR and CI were calculated by logistic regres-
sion. The statistical analyses were conducted 
with SPSS 11.0 software. 
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Results

PCR-RFLP results of hOGG1 Ser326Cys poly-
morphism

We performed PCR-RFLP analysis to detect the 
Ser326Cys polymorphism, as expected and 
shown in Figure 1, the PCR products that been 
through Mbo I digestion of a mutant Cys/Cys 
genotype only presented a 247 bp band, where-
as the wild type Ser/Ser genotype should pre-
sented a double band of 224 bp and 23 bp. The 
23 bp fragment is too small to be presented in 
the electrophoresis image, therefore, only a 
224 bp fragment was seen. The heterozygous 
Ser/Cysgenotype presented both 224 bp and 
247 bp band.

General characteristics of the case and control 
groups

Firstly, we compared the age and sex between 
case group and control group, no statistical dif-
ference were observed (age: t=1.335, P=0.185, 
sex: χ2=0.214, P=0.644,). The genotype distri-
bution frequencies of Ser326Cys (rs1052133, 
c/g) in the normal people of Han population of 
Jiangsu province china are 24.7% (Ser/Ser), 
48.6% (Ser/Cys) and 26.7% (Cys/Cys), respec-
tively. χ2 test results confirmed the distribution 
frequency of Ser326Cys polymorphism in con-
trol group was correspond with Hardy-Weinberg 
equilibrium (P=0.853).

The association between hOGG1 Ser326Cys 
polymorphism and intrahepatic cholangiocar-
cinoma susceptibility

Next we evaluated the genotype and allele fre-
quencies of hOGG1 in case group and control 
group. As shown in Table 1. The number of 
patients who carried a Cys/Cys genotype in 
case group was greater than control group. The 
frequencies of genotype at the hOGG1 rs- 
1052133 polymorphism site were 12.7% (Ser/
Ser), 47.3% (Ser/Cys), 40% (Cys/Cys). The sta-
tistical difference of genotype distribution in 
case group and control group was observed 
(χ2=9.813, P=0.0074). We then performed 
logistic regression analyses to compare the risk 
of intrahepatic cholangiocarcinoma in individu-
als who were Ser/Cys and Cys/Cys genotype 
carriers. We found that Ser/Cys and Cys/Cys 
genotypes possessed 1.894-(OR=1.894, 95% 
CI=0.994-3.597) and 2.924-fold (OR=2.924, 
95% CI=1.475-5.780) risk of intrahepatic chol-
angiocarcinoma, respectively, compared with 
Ser/Ser genotype. We further analyzed the 
allele frequencies of hOGG1 polymorphism; we 
observed that the number of Cys alleles in case 
groups was also significantly greater than con-
trol group. The risk of intrahepatic cholangio-
carcinoma in people with Cys allele was signifi-
cantly higher than those who carries Ser allele 
(OR=1.68, 95% CI=1.215-2.331).  

The association between hOGG1 Ser326Cys 
polymorphism and intrahepatic cholangiocar-
cinoma susceptibility in two genders

To determine whether the increased risk of 
intrahepatic cholangiocarcinoma in hOGG1 
Ser326Cys mutation population is related to 
sex, we calculated the odds ratios in each sex 
separately. The results were presented in Table 
2. Interestingly, we found that the risk of Cys/
Cys genotype in male population were 2.762-
fold higher than Ser/Ser genotype (OR=2.762, 
95% CI=1.233-6.173). Particularly, however, in 
female group, none of the mutant genotypes 
(Ser/Cys, Cys/Cys) possessed an increased 
risk of intrahepatic cholangiocarcinoma (Ser/
Cys (OR=2.105, 95% CI=0.603-7.353, P= 
0.372), Cys/Cys (OR=4.448, 95% CI=0.898-
13.334, P=0.243)).

Discussion

In this case-control study, we demonstrate that 
the hOGG1 Ser326Cys (rs1052133, c/g) is sta-

Figure 1. Image of PCR-RFLP for hOGGI Ser326Cys 
polymorphisms by running agarose gel. M: DNA 
marker; Lane 1 and 2 refer to Heterozygous type: 
Ser/Cys; lane 3 refer to wild genetic type: Ser/Ser 
type; lane 4 refer to mutant genotype: cys/cys type. 
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tistically associated with the risk of intrahepat-
ic cholangiocarcinoma in Han population in 
Jiangsu province of china. In addition, it seems 
that this polymorphism is preferentially associ-
ated with intrahepatic cholangiocarcinoma in 
male population based on our evidence.

Intrahepatic cholangiocarcinoma is relatively 
rare, accounting for 20% to 25% of all cholan-
giocarcinomas; perihilar (50%-60%) or distal 
common bile duct (20%-25%) tumors are more 
common. Particularly, intrahepatic cholangio-
carcinoma only accounts for less than 3% of 
the cancers in digestive system, and is charac-
terized by later presentation of symptoms [1, 
2]. Therefore little attention has been drawn 
with regard to its etiology, diagnosis and treat-
ment. It is believed that primary sclerosing 
cholangitis, cholelithiasis, viral hepatitis, diabe-
tes and unhealthy lifestyle (alcohol consump-
tion, smoke etc.) were attributed to the onset of 
intrahepatic cholangiocarcinoma, however, on- 

regions have been found. The most extensive 
studied polymorphism site of human OGG1 
gene, Ser326Cys (rs1052133, c/g) has been 
proven to functionally related to the enzyme 
activity of hOGG1 [13, 14]. Recent studies dem-
onstrated that hOGG1 Ser326Cys polymor-
phism is associated with the susceptibility of 
cancers in esophagus, stomach, and prostate 
and so on [15-18]. However, no study has ana-
lyzed the association between intrahepatic 
cholangiocarcinoma and this polymorphism. In 
our case-control study, we found that the num-
ber of patients carrying the mutant Cys/Cys 
genotype was increased, further logistic regres-
sion analysis revealed that the risk of Cys/Cys 
genotype is approximate 3-fold higher than 
Ser/Ser genotype. Our study showed much con-
sistency with the previous case-control studies 
or Meta analyses [15, 19-21]. Nevertheless, it 
is reasonable to propose that individuals with 
mutant genotype hold a low hOGG1 activity 
therefore lowers the DNA repair ability with 
resultant increased risk of carcinogenesis.

Table 1. The association between hOGG1 Ser326Cys polymorphism 
and intrahepatic cholangiocarcinoma susceptibility

Case group 
(n=150) 

Control group
(n=150) OR (95% CI) P 

Genotypes N (%) N (%)
    Ser/Ser 19 (12.7) 37 (24.7) 1 -
    Ser/Cys 71 (47.3) 73 (48.6) 1.894 (0.994-3.597) 0.058
    Cys/Cys 60 (40.0) 40 (26.7) 2.924 (1.475-5.780) 0.003
    Ser/Cys+Cys/Cys 131 (87.3) 113 (75.3) 2.257 (1.230-4.149) 0.011
Alleles
    Ser 109 (36.3) 147 (49.0) 1 -
    Cys 191 (63.7) 153 (51.0) 1.68 (1.215-2.331) 0.002

Table 2. The association between hOGG1 Ser326Cys polymorphism 
and intrahepatic cholangiocarcinoma susceptibility in two genders

Genotypes Case group 
(n=150) 

Control group
(n=150) OR (95% CI) P 

Male N (%) N (%)
    Ser/Ser 15 (18.8) 28 (35.0) 1 -
    Ser/Cys 28 (35.0) 27 (33.8) 1.93 (0.853-4.405) 0.151
    Cys/Cys 37 (46.2) 25 (31.2) 2.76 (1.233-6.173) 0.017
    Ser/Cys+Cys/Cys 65 (81.3) 52 (65.0) 2.43 (1.183-5.025) 0.020
Female
    Ser/Ser 4 (5.7) 9 (2.9) 1 -
    Ser/Cys 43 (61.4) 46 (65.7) 2.10 (0.603-7.353) 0.372
    Cys/Cys 23 (32.9) 15(21.4) 3.4 (0.898-13.334) 0.107
    Ser/Cys+Cys/Cys 66 (94.3) 61 (87.1) 2.43 (0.713-8.333) 0.243

ly a small subgroup of 
patients are exposed to 
specific risk factors [1, 
10]. 8-Oxoguanine glyco-
sylate, also known as 
OGG1, is an indispensable 
enzyme involved in DNA 
repair process from bacte-
ria to eukaryotic species. 
Oxidative damages pro-
mote the chemical modifi-
cations of guanine to form 
an 8-Oxoguanine byprod-
uct, which must be re- 
moved through a base 
excision repair process 
guided by OGG1. OGG1 
has been demonstrated to 
have multiple effects in 
animal models, mice lack-
ing OGG1 exhibit enhanced 
lung carcinogenesis [11] 
and higher probability to 
develop obesity as well as 
insulin resistance [12]. 
Single nucleotide polymor-
phism refers to the com-
mon variation of DNA se-
quence. Although that mo- 
st of the SNP occur in no- 
n-coding regions, several 
mutations in the coding 
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An interesting observation in this study is that, 
when we separated the analysis by different 
gender groups, the high risk is biased toward 
male group. We found that in male, the mutant 
genotype Cys/Cys takes approximate 2.8-fold 
risk higher than wild type genotype, whereas 
the odds ratio of Ser/Cys and Cys/Cys geno-
types in female group did not reach statistical 
significance (P=0.372 and 0.107, respectively). 
Several possible reasons might explain this 
deviation in two genders. First, because that 
intrahepatic cholangiocarcinoma is a relative 
low epidemic cancer, the cases in our study is 
limited. We only enrolled 70 female patients in 
our study; with a more expanded sample size, a 
more definitive analysis should possibly be car-
ried out. The other possible reason is that dif-
ferent hormone conditions in each sex may 
alter the susceptibility to environmental factors 
which masks the effect of hOGG1 Ser326Cys 
polymorphism on intrahepatic cholangiocarci-
noma risks. It is note-worthy that OGG1 defi-
cient female mice are more prone to establish 
lung cancer rather than male mice [11]. It 
seems paradoxically related to our analyses. 
But further large sample sized clinical analysis 
in combination with animal studies are required 
to test the relevance of sex and the hOGG1 
polymorphism associated intrahepatic cholan-
giocarcinoma risk in bile duct system.

Despite that majority of the studies have estab-
lished the associations between the suscepti-
bility of certain types of cancers and hOGG1 
Ser326Cys polymorphism, conflicting results 
were still presented. In a case-control study on 
hepatocellular carcinoma (HCC) [18], they pro-
posed that hOGG1 Ser326Cys is associated 
with its risk. In the contrary, two recent meta-
analyses indicated that limited evidence sup-
port their associations [22, 23]. So far, no case-
study or meta-analysis has been performed 
with regard to the association between hOGG1 
Ser326Cys polymorphism and intrahepatic 
cholangiocarcinoma. Our results provided pre-
liminary observation on their association with 
inevitable limitations. It should be noted that 
our study is single centered with limited sample 
size. In addition, as our study is retrospective, 
the existing selection bias may have influence 
on our results. Lessons learned from the stud-
ies on HCC suggested that our case-control 
study should be interpreted cautiously.

In summary, our case-control study unraveled 
the association of the Ser326Cys polymor-
phism and the susceptibility of intrahepatic 
cholangiocarcinoma. From the evidence we 
obtained, we can at least draw a conclusion 
that hOGG1 Ser326Cys polymorphism is a 
genomic risk factor of intrahepatic cholangio-
carcinoma in male Han population of Jiangsu 
province, China. Because intrahepatic cholan-
giocarcinoma is a rare disease, a multi-center 
cooperated large scale study would enable us 
to gain more definitive understandings of the 
association of gene polymorphisms and its 
susceptibility.
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