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Abstract. Hepatocellular carcinoma (HCC) is a serious 
public health issue, the incidence of which is considered to 
be closely related to tobacco smoking, alcohol consumption, 
hepatitis B virus (HBV) infection and family history. The 
DNA repair system is an important protective mechanism 
against the development of malignant cells induced by 
internal and external environmental factors. The aim of this 
study was to investigate the association of polymorphisms of 
XRCC1-194, XRCC1-280 and XPD-312 DNA repair genes and 
the risk of development of HCC in Han Chinese patients. A 
case-control design was used including 252 HCC inpatients 
and 250 healthy controls recruited and matched by age, gender, 
tobacco smoking, alcohol consumption, HBV infection and 
family history. XPD Asp312Asn, XRCC1 Arg194Trp and 
XRCC1 Arg280His genes were examined using a sequencing 
assay method. Distributions of the genotype frequency and 
odds ratio (OR) between the two groups were analyzed. The 
results demonstrated that there was no significant difference 
in the frequencies of XPD Asp312Asn, XRCC1 Arg194Trp 
and XRCC1 Arg280His in the HCC cases and the control 
group. In the stratified analysis of different allele genotypes, 
the frequency of the XRCC1-194 site genotype was not 
significantly different between the case and control group. The 
presence of the XRCC1 280His genotype was associated with 
a significantly increased risk of HCC under conditions of HBV 
infection and family history [OR (95% CI): 1.68 (1.08-2.60), 
4.20 (1.34-13.20), respectively]. Similarly, the XPD 312Asn 
significantly increased the risk of HCC under conditions of 
alcohol consumption, tobacco smoking, HBV infection and 

family history [OR (95% CI): 1.67 (1.10-2.60), 1.87 (1.18-2.96), 
1.96 (1.24-3.10), 3.40 (1.32-8.76), respectively]. In conclusion, 
tobacco smoking and alcohol consumption are high risk 
factors of HCC for the XPD 312Asn genotype; HBV infection 
and family history increase the risk of HCC for the genotypes 
XRCC1 280His and XPD 312Asn.

Introduction

Hepatocellular carcinoma (HCC) is a common type of malig-
nant tumor with a mortality rate of 20/100,000. It is often 
aggressive with rapid development, which seriously threatens 
life and health. It has been found that human gene polymor-
phisms may be associated with genetic susceptibility for 
cancer. The interaction of environmental factors and genetic 
polymorphisms may play a crucial role in tumor development. 
Epidemiological studies suggest that chronic hepatitis B virus 
(HBV) infection, aflatoxin B1 (AFBl) intake in food, and long-
term excessive alcohol consumption are major environmental 
risk factors for HCC. However, genetic susceptibility for HCC 
remains unclear. To date, the relationship between genetic 
polymorphisms and susceptibility to HCC, and the relationship 
between HCC and the interaction of environmental factors and 
genetic polymorphisms are still poorly understood (1).

Epidemiological investigations have shown that the 
occurrence and development of tumors have a strong genetic 
predisposition. The genetic tendency may stem from the 
activation of oncogenes or silencing of tumor-suppressor 
genes, and also the absence or inhibition of DNA damage 
repair capacity. Therefore, DNA damage repair genes and 
susceptibility to cancers are cause for concern and subject to 
attention. HCC is the most common malignant tumor of the 
digestive system. As with other malignancies, the develop-
ment of HCC is a multifactorial, multistep, multistage and 
multigene process (2-4). In recent years, DNA repair genes 
have been examined in cancer susceptibility studies (5). DNA 
damage and repair is a complex process involving a variety 
of enzymes and proteins. DNA repair capacity is crucial in  
maintaining genomic stability and normal function of cells. 
Mutations of relevant repair genes may lead to decreased 
DNA repair capacity of the whole genome. When the body is 
unable to efficiently repair DNA damage in a timely manner, 
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genomic instability results which may lead to uncontrolled cell 
proliferation and tumorigenesis (6). The human X-ray repair 
cross complement 1 (XRCC1) and human excision repair gene 
xeroderma pigmentosum group D (XPD) broadly participate 
in DNA damage repair. In the current study, the objective 
was to analyze three SNP loci, XRCC1 Arg194Trp, XRCC1 
Arg280His and XPD Asp312Asn, to investigate the relation-
ship between polymorphisms and susceptibility to HCC.

Materials and methods

Study participants. From January 2009 to December 2010, 
252 patients with HCC were recruited from the Third Affiliated 
Hospital of the Third Military Medical University in China. 
All patients were confirmed to have HCC by post-surgical 
pathology, and were not treated with pre-operative chemo-
therapy. In addition, 250 healthy control subjects were also 
recruited by matching the cases in terms of age and gender.

All the case and control subjects were genetically unrelated 
Han Chinese from Chongqing city and the surrounding metro-
politan area in southwestern China. Informed consent was 
obtained from each subject prior to data collection, according 
to a protocol that was approved by the Medical Research 
Ethics Committee of Chongqing. Clinical pathological data 
and blood were collected from each participant. 

The study was reviewed and approved by the Medical 
Research Ethics Committee of Chongqing. Informed consent 
was obtained from each subject prior to data collection.

Questionnaire survey. A face-to-face survey was conducted by 
trained investigators to collect data on variables such as age, 
gender, family history, tobacco smoking, alcohol consumption 
and HBV infection.

Genotyping of the XRCC1 and XPD polymorphisms
DNA extraction. Fasting venous blood (2 ml) was obtained 
under vacuum in an anticoagulant-containing tube. After 
mixing, DNA was extracted using a genomic DNA extraction 
kit (Tiangen, China), and preserved at -20˚C for the PCR 
experiments.

Analysis of XPD and XRCC1 genetic polymorphisms. 
Sequencing was used to examine XPD Asp312Asn, XRCC1 
Arg194Trp and XRCC1 Arg280His sites. For XRCC1 the 
forward primer of the Arg194Trp site was 5'-CTGACCTTG 
CGGGACCTTA-3', the reverse primer was 5'-GTCGCT 
GGCTGTGACTATG-3', and the product was 455 bp. For 
Arg280His, the forward primer was 5'-CAGTGGTGCTAA 
CCTAATC-3', and the reverse primer was 5'-AGTAGTCTG 
CTGGCTCTGG-3'. For XPD Asp312Asn, the forward primer 
was 5'-CTGTTGGTGGGTGCCCGTATCTGTTGGTCT-3', 
and the reverse primer was 5'-TAATATCGGGGCTCACCCT 
GCAGCACTTCCT-3'. The PCR reaction system consisted of 
50 µl, containing 5 units TaqDNA polymerase, 0.2 mmol/l 
dNTP mix, 2 mmol/l MgCl2, 1X Taq buffer (all from Promega 
Co., Madison, WI, USA), and 0.4 µmol/l of the primers, 
respectively, with the template DNA 2 µl. The condition for 
PCR was 94˚C for 5 min, followed by 94˚C for 45 sec, 56˚C for 
45 sec and 72˚C for 45 sec, which lasted for 40 cycles, and a 
final extension at 72˚C for 5 min. All the primers were synthe-

sized by Sangon Biological Engineering (Technology & 
Services Co., Ltd., Shanghai, China).

Statistical analysis. SPSS for Windows 13.0 was used for the 
statistical analysis. The Chi-square test was used to compare 
the distribution of the genotype frequency between the two 
groups. The odds ratio (OR) and 95% confidence interval (CI) 
from non-conditional logistic regression was used to show 
the risk of HCC among the different genotypes. All statistical 
tests were two-sided and P<0.05 was considered to indicate a 
statistically significant difference. 

Results

Characteristics of the participants. A total of 252 HCC 
patients and 250 healthy controls were recruited. Among the 
252 HCC patients, 21 tumors were well-differentiated, 53 were 
moderately differentiated and 178 were poorly differentiated. 
The average age was 51.6 ± 7.4 years in the case group, and 
52.1±6.7 years in the control group. There was no difference 
between the two groups in terms of age, gender, tobacco 
smoking, alcohol consumption, family history and HBV infec-
tion status (all P>0.05) (Table I).

Comparison of genotype composition and allele frequency of 
XRCC1 and XPD genetic peptide locus. We determined the 
SNP distributions of these three genes by direct sequencing 
of the PCR products that were amplified from DNA samples 
taken from the cases and controls.

The three genotypes of the XRCC1-194 site were CC, CT 
and TT. The base distribution frequencies of C and T were 70.0 
and 30.0% in the case group; 71.4 and 28.6% in the control 
group, respectively. The three genotypes of the XRCC1-280 
site were GG, GA and AA. The base distribution frequencies 
of G and A were 87.1 and 12.9% in the case group; 90.2 and 
9.8% in the control group, respectively. The three genotypes of 
the XPD-312 site were GG, GA and AA. The base distribution 
frequencies of G and A were 85.7 and 14.3% in the case group; 
91.2 and 8.8% in the control group, respectively (Table II).

The Hardy-Weinberg genetic equilibrium test showed a 
good fit in the control group (P>0.05), which indicated that it 
was representative of the sample. 

Distribution of XRCC1 and XPD gene SNPs. The link between 
the nine different genotypes of the two genes and the presence 
of HCC was analyzed. There was no difference in the distribu-
tion of the genotypes of the three sites XPD 312Asn, XRCC1 
280His and XRCC1 194Trp between the HCC group and the 
control group.

Analysis of the three SNP site genotypes of the sXRCC1 
and XPD genes, stratified by age, gender, tobacco smoking, 
alcohol consumption, surface antigen of HBV infection and 
family history, revealed that the three SNP sites had no inter-
action with age and gender, but had an interaction with alcohol 
consumption, tobacco smoking, family history of HCC and 
surface antigen of HBV infection. There was no difference in 
the frequency of the XRCC1 194 genotype between the case 
and control groups. Under conditions of alcohol consump-
tion, the risk of HCC for the XRCC1 194Trp genotype was 
1.29 times higher than that of the healthy controls. However, 
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no statistical significance was found (P>0.05). For factors 
of exposure to HBV infection and family history, there was 
a significant difference in the frequency of XRCC1 280His 
between the HCC and healthy control; the OR values and 95% 

CIs were 1.68 (1.08-2.60) and 4.20 (1.34-13.20). With exposure 
to alcohol consumption, the risk of HCC for XRCC1 280His 
genotype was 1.51 times higher than that of the healthy control. 
However, no statistical significance was found (P>0.05). Under 

Table I. Characteristics of the hepatocellular carcinoma and control groups.

Characteristics Hepatocellular carcinoma group Control group P-value
 (n=252)  (n=250)
 ------------------------------------------------------------------------------- --------------------------------------------------------
 n % n %

Age (years)
  ≥50 149 59.1 143 57.2 0.72
  <50 103 40.9 107 42.8
  Mean ± SD 51.6±7.4  52.1±6.7
Gender
  Male 191 75.8 185 74.0 0.68
  Female   61 24.2   65 26.0
Tobacco smoking
  Yes 168 66.7 169 67.6 0.85
  No   84 33.3   81 32.4
Alcohol consumption
  Yes 197 75.4 190 76.0 0.60
  No   55 24.6   60 24.0
HBV antigen (+)
  Yes 203 80.6 194 77.6 0.44
  No   49 19.4   56 22.4
Family history
  Yes   37 14.7   35 14.0 0.90
  No 215 85.3 215 86.0

Table II. Genotypes of the XRCC1 and XPD genes in the hepatocellular carcinoma and control groups.

Genotype Hepatocellular carcinoma group Control group OR (95% CI) P-values

XPD 312
  GG 192 207 1.00 0.08
  GA + AA   60   43 1.56 (1.02-2.22)
  AA     2     1
  G (Asp) frequency   85.7%   91.2%
  A (Asn) frequency   14.3%     8.8%
XRCC1 280
  GG 193 206 1.00 0.12
  GA + AA   59   44 1.43 (0.97-2.10)
  AA     6     5
  G (Arg) frequency   87.1%   90.2%
  A (His) frequency   12.9%     9.8%
XRCC1 194
  CC 119 128 1.00 0.42
  CT + TT 133 122 1.17 (0.87-1.59)
  TT   18   21
  C (Arg) frequency   70.0%   71.4%
  T (Trp) frequency   30.0%   28.6%
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conditions of alcohol consumption, tobacco smoking, HBV 
infection and family history, there was a significant differ-
ence in the frequency of the XPD 312Asn genotype between 
the HCC and healthy controls; the OR values and 95% CIs 
were 1.67 (1.10-2.60), 1.87 (1.18-2.96), 1.96 (1.24-3.10), 
3.40 (1.32-8.76) (Tables III-VI).

Discussion

The causes of HCC may relate to population or individual 
susceptibility to disease, and tumor-related genes including 
DNA repair genes and metabolic enzyme genes. The SNPs of 
these genes may result in different susceptibilities to the same 
carcinogens (7). Defective or lowered repair capacity of DNA 
caused by the polymorphisms of DNA repair genes increases 
the risk of mutations and carcinogenesis (8). The X-ray repair 

cross-complementing gene 1 (XRCC1) was the first mamma-
lian gene found to affect the sensitivity of cells to ionizing 
radiation. It is widely involved in the repair of DNA damage. 
The XRCC1, 33 kb in size, is located on human chromosome 
19q13.2-19q13.3, and contains 17 exons encoding 633 amino 
acid residues (9). Sequence analysis revealed that the XRCC1 
gene has several polymorphism sites, among which C26304T 
and G27466A are the two most common SNP sites that lead to 
changes in the corresponding amino acid residues Arg194Trp 
and Arg280His, respectively (10). Studies demonstrated that 
polymorphisms of XRCC1 194 and XRCC1 280 were associ-
ated with susceptibility to esophageal cancer, gastric cancer, 
lung cancer, breast cancer and other types of cancers (11-14). 
However, little is known regarding the association between 
polymorphisms of these two genes and susceptibility to HCC. 
XPD/ERCC2 is an ATP-dependent DNA helicase (8), which is 

Table III. Analysis of the distribution of XRCC1 and XPD triple-location genotypes in hepatocellular carcinoma (HCC) and 
control groups stratified according to alcohol consumption.

Genotype Alcohol consumption (+) Alcohol consumption (-)
 ---------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------
 HCC group Control OR (95% CI) P-values HCC group Control OR (95% CI) P-values
 (n) group (n)    (n) group (n) 

XRCC1 Arg194Trp
  CC   85   94 1.00 0.22 34 34 1.00 0.70
  CT + TT 112   96 1.29 (0.91-1.82)  21 26 0.81 (0.58-1.64)
XRCC1 Arg280His
  GG 143 152 1.00 0.10 50 54 1.00 1.00
  GA + AA   54   38 1.51 (0.99-2.30)    5   6 0.79 (0.28-2.18)
XPD Asp312Asn
  GG 144 156 1.00 0.04 48 51 1.00 0.79
  GA + AA   53   34 1.67 (1.10-2.60)    7   9 0.86 (0.35-2.12)

OR values were adjusted by gender, age, tobacco smoking, HBV antigen and family history.

Table IV. Analysis of the distribution of the XRCC1 and XPD triple-location genotypes in hepatocellular carcinoma (HCC) group 
and control group stratified according to tobacco smoking status.

Genotype Tobacco smoking (+) Tobacco smoking (-)
 ----------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------
 HCC Control OR (95% CI) P-values HCC Control OR (95% CI) P-values
 group (n) group (n)   group (n) group (n)

XRCC1 Arg194Trp
  CC   78   81 1.00 0.83 41 47 1.00 0.28
  CT + TT   90   88 1.05 (0.73-1.52)  43 34 1.48 (0.87-2.52)
XRCC1 Arg280His
  GG 125 136 1.00 0.19 68 70 1.00 0.40
  GA + AA   43   33 1.38 (0.88-2.18)  16 11 1.48 (0.72-3.04)
XPD Asp312Asn
  GG 120 139 1.00 0.02 72 68 1.00 0.83
  GA + AA   48   30 1.87 (1.18-2.96)  12 13 0.89 (0.42-1.84)

OR values were adjusted by gender, age, alcohol consumption, HBV antigen and family history.
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an important part of the type Ⅱ transcription factor H (TF Ⅱ H) 
complex, involved in nucleotide excision repair (NER). 
Numerous single nucleotide polymorphisms have been found 
in the XPD gene (10), of which the XPD 751 site is most studied. 
Heterozygous XPD 751 and mutant homozygous (Lys/Gln and 
Gln/Gln) genotypes have been shown to result in significantly 
lower NER capacity (15). Long et al (23,24) reported on 
XRCC1 and XPD polymorphisms and susceptibility to hepa-
tocellular carcinoma. However, a combined analysis of the 
relationship between XPD and XRCC1 gene polymorphisms 
and susceptibility to HCC has not been reported. Through a 
case-control study design, we investigated the polymorphism 
distribution of the three sites on XRCC1 194, XRCC1 280 and 
XPD 312 genes, and analyzed the relationship between poly-
morphisms of the three sites and susceptibility to HCC, which 
provided evidence for the prevention and treatment of HCC. 

The frequencies of XRCC1 and XPD 312 alleles all have  
ethnic and geographical differences. Shen et al (10) reported 
that the frequencies of XRCC1 194Trp and 280His alleles in 
healthy individuals in San Francisco, CA, USA were 25 and 
8%, respectively. The statistics on Caucasians in Europe and 
North America revealed the frequencies of the Asn allele on the 
XPD312 site to be 33 to 38%, respectively. However, it was found 
to be lower, 6%, in the Chinese population (16). Meanwhile, 
other authors (17-19) reported frequencies of 5, 6, 5 and 27% in 
Egyptian, Caucasian, African-American and Chinese Taiwan 
populations, respectively. The study demonstrated that the allelic 
frequencies of XRCC1 194T, XRCC1 280A and XPD 312A in 
healthy controls were 28.6, 9.8 and 8.8%, respectively, which 
were similar to a report in a Chinese population in Taiwan, but 
was quite different from that in Europe and America, possibly 
due to ethnic and geographical differences. 

Table V. Analysis of the distribution of the XRCC1 and XPD triple-location genotypes in hepatocellular carcinoma and control 
groups stratified according to HBV antigen.

Genotype HBsAg (+) HBsAg (-)
 ----------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------
 HCC group Control OR P-values HCC group Control OR P-values
 (n) group (n) (95% CI)  (n) group (n) (95% CI)

XRCC1 Arg194Trp
  CC   93 100 1.00 0.27 26 28 1.00 0.85
  CT+TT 110   94 1.26 (0.89-1.76)  23 28 0.89 (0.46-1.71)
XRCC1 Arg280His
  GG 153 163 1.00 0.04 40 43 1.00 0.63
  GA+AA   50   31 1.68 (1.08-2.60)    9 13 0.74 (0.33-1.66)
XPD Asp312Asn
  GG 153 166 1.00 0.01 39 41 1.00 0.76
  GA+AA   50   28 1.96 (1.24-3.10)  10 15 1.13 (0.96-1.79)

OR values were adjusted by gender, age, tobacco smoking, alcohol consumption and family history.

Table VI. Analysis of the distribution of XRCC1 and XPD triple-location genotypes in hepatocellular carcinoma and control 
groups stratified according to family history of HCC.

Genotype Family history (+) Family history (-)
 --------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------
 HCC group Control OR (95% CI) P-values HCC group Control OR (95% CI) P-values
 (n) group (n)   (n) group (n)

XRCC1 Arg194Trp
  CC 12 18 1.00 0.15 107 110 1.00 0.85
  CT+TT 25 17 2.21 (0.97-5.02)  108 105 1.06 (0.76-1.47)
XRCC1 Arg280His
  GG 24 31 1.00 0.03 169 175 1.00 0.55
  GA+AA 13   4 4.20 (1.34-13.20)    46   40 1.16 (0.78-1.76)
XPD Asp312Asn
  GG 20 28 1.00 0.03 172 179 1.00 0.46
  GA+AA 17   7 3.40 (1.32-8.76)    43   36 1.26 (0.82-1.93)

OR values were adjusted by gender, age, tobacco smoking, alcohol consumption and HBV antigen.
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Cancer susceptibility has been associated with multiple 
genes. As with other malignant tumors, the development of 
HCC is due to the joint effect of genetic and environmental 
factors. In the present study, XRCC1 194T, XRCC1 280A, 
XPD 312A gene polymorphisms were stratified according to 
four factors, including tobacco smoking, alcohol consump-
tion, HBV infection, and family history of HCC. The results 
revealed that among the four risk factors, the XRCC1 194Trp 
genotype did not increase the risk of HCC. Although the risk 
of HCC for the XRCC1 194Trp genotype was 1.29 times higher 
than that of the XRCC1 194Arg genotype with exposure to 
alcohol, there was no significant difference between them 
(P>0.05). However, Kiran et al (20) reported that XRCC1 
194Trp increased the risk of susceptibility to HCC in hepatitis 
patients in Indians (OR=2.27; 95% CI, 1.01-5.08; P<0.001). 
Furthermore, when XRCC1 194Trp was combined with 
XRCC1 280His or with XRCC1 399Gln, the risk of hepatitis-
related HCC was markedly increased, which indicated that the 
XRCC1 gene polymorphism may have a certain role in the risk 
of hepatitis virus-related HCC in Indians. The differences in 
results may be related to ethnic and regional differences. The 
polymorphism of XRCC1 Arg280His and XPD Asp312Asn 
was analyzed according to four risk factors, and demonstrated 
that the XRCC1-280 polymorphism had no effect on tobacco 
smoking- and alcohol consumption-related HCC, while it 
conferred a high risk on HBV infection- and family history-
related HCC. Furthermore, the XPD312 wild-type genotype 
had a strong role in promoting HCC under conditions of 
tobacco smoking, alcohol consumption, HBV infection and 
family history.

The present study had a number of limitations. First, all 
patients with HCC were recruited from hospital patients, and 
the sample size was limited. Second, healthy controls were 
recruited after matching the HCC patients in regards to age, 
gender, family history, tobacco smoking, alcohol consumption, 
and HBV infection, which may have potential selection bias 
and influence on the results and conclusions. Finally, various 
studies have been previously carried out concerning the rela-
tionship between gene polymorphisms and tumors producing 
various results (21,22). 

In summary, XPD 312Asn genotypes significantly 
increased the risk of HCC in a population with alcohol 
consumption, tobacco smoking, HBV infection, and family 
history of HCC. XRCC1 280His genotypes significantly 
increased the risk of HCC in a population with HBV infec-
tion and family history of HCC. Further research is required 
to confirm these preliminary results. An increased sample 
size, improvement in experimental design and methods, and 
additional indicators of therapeutic efficacy and prognosis 
would be of value. Systematic follow-up and observation of 
populations with exposure factors may be carried out in order 
to prevent HCC, and provide a possibility for early detection 
and treatment.
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