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XRCC1 and XPD polymorphisms and their relation to
the clinical course in hepatocarcinoma patients
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Abstract. In this study genotyping of hepatocellular carci-
noma (HCC) patients was conducted to detect polymorphisms
on the X-ray repair cross-complementing 1 (XRCC1) and
xeroderma pigmentosum complementary group D (XPD)
genes and analyze the relationship of their presence with the
clinical features of the cancer. A total of 172 patients with
HCC were selected in Qilu Hospital, Shandong University,
from January 2010 to September 2011. All patients under-
went resection of HCC and no tumor metastases were found.
Peripheral venous blood samples (3-5 ml) were collected
from the patients to extract genomic DNA. Genotyping was
performed by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) and gene sequencing.
During the five-year follow-up, the survival of patients with
various genotypes of XRCC1 and XPD genes were observed
and compared. Logistic regression analysis was used to
analyze the association between single nucleotide poly-
morphisms of XRCCI1 and XPD genes and the prognosis of
patients with HCC. ¥* tests showed that XRCC1-194, XRCCI-
280 and XPD-312 gene polymorphisms were significantly
correlated with the number, location and diameter of the
tumors (p<0.05). No significant difference was found in the
survival curve of patients presenting different genotypes of
the XRCC1-194 locus (p>0.05). Nevertheless, a significant
difference was found in the survival curve of patients with
AA and GG genotypes of the XRCC1-280 locus and in the
patients with AA, GA and GG genotypes of the XPD-312
locus (p<0.05). Logistic regression analysis showed that the
XRCC1-194 genotype was not an independent risk factor for
HCC mortality risk (p>0.05), but XRCC1-280 (OR=1.815,
p<0.01) and XPD-312 (OR=1.815, p<0.01) genotypes were
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independent risk factors for a poor prognosis. Taken together
our results point to polymorphisms in XRCC1 and XPD genes
as being related to the clinical characteristics of HCC, making
them suitable prognostic markers of HCC.

Introduction

Primary liver cancer is one of the most common malignant
tumors, and hepatocellular carcinoma (HCC) is the main
type (1). HCC is the result of a complex pathological process
involving multiple factors that has an insidious onset, rapid
progress and high mortality rates. The 5-year survival rate is
<10% (2). HCC mainly affects people between 40 and 50 years
of age, but the age of presentation has gradually been shifting
to a younger population; the incidence in males is higher
than in females (3). DNA damage can be caused by various
factors. The accumulation of DNA damage and errors
occurring during DNA repair can eventually lead to cell
carcinogenesis (4). DNA repair genes include X-ray repair
cross-complementing 1 (XRCCI) and xeroderma pigmentosum
complementary group D (XPD). Genetic polymorphisms in
those genes and the resulting specific interactions of their
products are a recognized basis for the occurrence of HCC. The
determination of genetic polymorphisms of those genes can be
helpful for treatment and prognosis of certain cancers (5,0).
In this study, XRCC1-194, XRCC1-280 and XPD-312 gene
polymorphisms in liver cancer patients were detected in order
to provide a theoretical basis for the treatment and prognosis
of the disease.

Materials and methods

General information. A total of 172 patients with HCC in
Qilu Hospital, Shandong University, were enrolled in the
study from January 2010 to September 2011. All the patients
in the study had been diagnosed with HCC by liver biopsy
and imaging examination according to the diagnostic criteria
established by the American Association for the Study of Liver
Diseases (AASLD); the patients received radical treatment and
signed the informed consent form.

Patients with severe dysfunctions of the heart, brain, lung,
kidney or other organs and patients presenting mental or
neurological disorders or other diseases were excluded from
the study. There were a total of 121 males and 51 females.
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Table I. Primer sequences for XRCC1 and XPD.

Microsatellite
loci Sequences Length
XRCC1-194 F: 5-CTGACCTTGCGGGACCTTA-3' 455bp

R: 5-GTCGCTGGCTGTGACTATG-3'

XRCC1-280 F:5-CCCCAGTGGTGCTAACCTAA-3" 304 bp
R: 5-CTACATGAGGTGCGTGCTGT-3'

F: 5-CTGTTGGTGGGTGCCCGTATC 751 bp
TGTTGGTCT-3'

R: 5'-TAATATCGGGGCTCACCCTG
CAGCACTTCCT-3'

XPD-312

F, forward; R, reverse; XRCC1, X-ray repair cross-complementing 1;
XPD, xeroderma pigmentosum complementary group D.

The age of the patients ranged from 40 to 70 years with a
mean age of 50.36+4.78 years. The patients were classified
according to the diameter of their tumor: There were 80 cases
with diameters smaller than 5 cm, 76 with diameters from
5 to 10 cm and 16 with diameters larger than 10 cm. Also,
according to the number of tumors present in each patient,
145 cases had a single tumor and 27 cases presented multiple
tumors. In 79 cases the tumors were found in the left lobe,
in 69 cases the tumors were in the right lobe and in 24 cases
in other positions. This study was approved by the Ethics
Committee of Qilu Hospital. Signed written informed consents
were obtained from the patients.

Epidemiological survey. The patient's demographic character-
istics were investigated and their medical records and physical
examination results were collected to establish a research
database for statistical analyses. Five-year follow-up was
conducted and the data collected was used in this study.

Sample collection. Peripheral blood samples (3-5 ml) were
collected after fasting for 8 h. The samples were transferred
to blood collection tubes containing ethylenediamine-
tetraacetic acid. The tubes were numbered and stored at
-20°C.

XRCCI and XPD gene detection. Blood genomic DNA
extraction from the samples was performed according to the
instructions of DNA extraction kit (Promega, Madison, W1,
USA). The primers for PCR were synthesized at Shanghai
Boa Biotechnology (Shanghai, China) and the sequences are
listed in Table I. The PCR amplification procedures followed
the instructions in the One-Step qRT-PCR kit (Invitrogen,
Carlsbad, CA, USA). The protocol for the amplification of the
XRCCI1-194 locus gene included an initial 95°C for 5 min step,
followed by 35 cycles of 94°C for 30 sec, 57°C for 30 sec and
72°C for 45 sec and then a final step of 72°C for 10 min. The
protocol for the XRCC1-280 locus gene included an initial
step of 95°C for 5 min, followed by 35 cycles of 94°C for
30 sec, 62°C for 30 sec and 72°C for 45 sec, with a final step
of 72°C for 7 min. PCR products were analyzed by agarose
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gel electrophoresis (Six One Instrument Factory, Beijing,
China). Briefly, a 2.0% agarose gel was prepared, containing
nucleic acid dye, the solid gel was placed in a horizontal
electrophoresis tank containing electrophoresis buffer. A 5 ul
PCR product sample was mixed with loading buffer and the
mixture was subjected to electrophoresis at 100 V for 30 min.
The gel was then observed under an ultraviolet transmittance
analyzer and images were saved.

PCR products were sequenced using reagents from ABI
(Applied Biosystems, Grand Island, NY, USA). Briefly, PCR
product (1 pl) was mixed with 2 ul SAP MIX for digestion
in a thermocycler (Wenzhou Yongqgiang medical equipment,
Zhejiang, China). PCR digestion products, sequencing
reagents and sequencing primers were mixed and the PCR
amplification was performed. The sequencing amplification
product was mixed with a sodium acetate-ethanol solution
and centrifuged to remove the supernatant. A DNA dissolving
solution was added. The purified DNA was then subjected to
electrophoresis with a DNA sequencer.

Statistical analysis. Data were processed using SPSS 19.0
software (SPSS Inc., Chicago, IL, USA). Countable data were
expressed by number of cases and the composition ratio. The
relationship between different genotypes and the clinical
features of HCC was examined using the y* test. Logistic
regression analysis was used to analyze the prognostic
factors of HCC. The Kaplan-Meier survival analysis was also
performed. P-value <0.05 were considered to indicate a statis-
tically significant difference.

Results

Allele frequency and genotype distribution of XRCCI and
XPD loci. The allele frequencies for CC, CT and TT geno-
types of the XRCC1-194 locus, AA and GG genotypes of
the XRCC1-280 locus and AA, GA and GG genotypes of the
XPD-312 locus found in the population of patients are listed
in Table II.

Analysis of the relationship between XRCCI-194, XRCC1-280
and XPD-312 gene polymorphisms and the clinical charac-
teristics of HCC. XRCC1-194, XRCC1-280 and XPD-312
gene polymorphisms were significantly correlated with tumor
number, tumor location and tumor diameter (p<0.05), but were
not correlated with capsule invasion or the general type of
cancer (p>0.05) (Tables III-V).

Genotypes and survival of patients. No significant differences
were found in the survival curves of patients with CC, CT or
TT genotypes of the XRCC1-194 locus (p>0.05). Nevertheless,
the survival curves of patients with AA and GG genotypes
at the XRCC1-280 locus and those in patients with AA, GA
and GG genotypes at the XPD-312 locus differed signifi-
cantly (p<0.05) (Figs. 1-3).

The influencing factors of HCC prognosis. The risk of poor
prognosis in patients with HCC was set as a dependent vari-
able; and factors such as age, sex, educational level, living
status and XRCC1-194, XRCC1-280 and XPD-312 geno-
types were set as independent variables. Logistic regression
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Table II. Allele frequency and genotype distribution for XRCC1 and XPD loci in HCC patients (n, %).

XRCC1-194 Frequency XRCC1-280 Frequency XPD-312 Frequency
CC 95 (55.23) AA 35(20.35) AA 29 (16.86)
CT 13 (7.56) - - GA 15 (8.72)

TT 64 (37.21) GG 137 (79.65) GG 128 (74.42)

XRCC1, X-ray repair cross-complementing 1; XPD, xeroderma pigmentosum complementary group D; HCC, hepatocellular carcinoma.

Table III. Relationship between XRCC1-194 gene polymorphism and clinical characteristics of HCC.

XRCC1-194 (n, %)

Clinical features CC CT TT e P-value
General types 0.653 0.957
Giant block type 30 (54.55) 4.(7.27) 21 (38.18)
Nodular type 27 (54.00) 3 (6.00) 20 (40.00)
Diffuse type 38 (56.72) 6 (8.96) 23 (34.33)
No. of tumors 8.621 0.013
Single tumor 83 (57.24) 7 (4.83) 55 (37.93)
Multiple tumors 12 (44 44) 6 (22.22) 9(33.33)
Liver tumor location 10.149 0.038
Left lobe 42 (53.16) 5(6.33) 32 (40.51)
Right lobe 38 (55.07) 3 (4.35) 28 (40.58)
Other 15 (62.50) 5(20.83) 4 (16.67)
Tumor diameter 10432 0.034
<5cm 42 (52.50) 5(6.25) 33 (41.25)
5-10 cm 43 (56.58) 4(5.26) 29 (38.16)
>10 cm 10 (62.50) 4 (25.00) 2 (12.50)
Capsule invasion 2.239 0.327
Yes 32 (53.33) 7(11.67) 21 (35.00)
No 63 (56.25) 6 (5.36) 43 (38.39)

XRCCl1, X-ray repair cross-complementing 1; HCC, hepatocellular carcinoma.

analysis showed that age, sex, educational level, living status
and XRCC1-194 genotype (OR=0.945, p=0.734) were not
independent risk factors for a poor HCC prognosis, but
XRCC1-280 (OR=1.323, p=0.006) and XPD-312 (OR=1.815,
p=0.008) genotypes were independent risk factors for poor
HCC prognosis (p<0.05) (Table VI).

Discussion

Liver cancer often arises in hepatocytes or intrahepatic bile
duct cells, HCC and intrahepatic cholangiocarcinoma are the
most common types of liver cancer. HCC accounts for more
than 80% of liver cancers, and its incidence and mortality rate
both rank in the first three positions among all the malignant
tumors (3). The clinical manifestations of HCC include flank
pain, loss of appetite, weight loss, ascites and jaundice, and
even coma and systemic failure (7,8). The pathogenesis of

HCC is complex; it involves a dynamic process of long-term
accumulation of the actions of multiple different factors
including the presence of genetic polymorphism and envi-
ronmental factors (9). At present, treatment outcomes of HCC
are not satisfactory. Radical resection is the main treatment
method, but the recurrence rate after the procedure is still
high (10). A better understanding of the genetic underlying
genetic mechanisms will aid in the development of improved
treatment strategies.

Genetic polymorphisms are usually classified into one of
three categories: Fragment length polymorphisms (FLPs),
repeated sequence polymorphisms (RSPs) and single nucleo-
tide polymorphisms (SNPs) (11). Genetic polymorphisms may
affect the protein expression, or the composition of cytokine
molecules leading to different clinical presentations, and
different prognoses for HCC (12). DNA repair systems play
important roles in the normal regulation of the cell cycle and
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Table IV. Relationship between XRCC1-280 gene polymor-
phism and clinical characteristics of HCC.

XRCC1-280 (n, %)

Clinical features AA GG > P-value
General typing 5095 0.078
Giant block type 13 (23.64) 42 (76.36)
Nodular type 14 (28.00) 36 (72.00)
Diffuse type 8(11.94) 59 (88.06)
No. of tumors 6.792  0.009
Single tumor 24 (16.55) 121 (83.45)
Multiple tumors 11 (40.74) 16 (59.26)
Tumor location 10.902  0.004
in the liver
Left lobe 15(18.99) 64 (81.01)
Right lobe 10 (14.49) 59 (85.51)
Other 11 (45.83) 13 (54.17)
Tumor diameter 11238  0.003
<5cm 15 (18.75) 65 (81.25)
5-10 cm 12 (15.79) 64 (84.21)
>10 cm 8 (50.00) 8 (50.00)
Capsule invasion 2907  0.088
Yes 17 (28.33) 43 (71.67)
No 18 (16.07) 94 (83.93)

XRCC1, X-ray repair cross-complementing 1; HCC, hepatocellular
carcinoma.

maintenance of cell integrity, and are essential body's defense
mechanisms against tumors. Altered DNA repair systems lead
to the accumulation of gene mutations in the human genome
and can result in the development of cancers (13). About 90%
of mutations in the human genome are caused by SNPs,
and studies have confirmed that gene mutations can lead to
different repair capabilities that can result in tumor malignan-
cies (14). Ionizing radiation, ultraviolet light and a variety of
chemical factors can lead to DNA single and double strand
breaks, DNA protein cross-linking, base mismatch and other
genetic damage. The gene repair system can effectively repair
these DNA mistakes, maintaining the stability of the genetic
information. The known repair genes include hMSH2, XPD,
XRCCI, hOGGI and XRCC3 (15,16).

The length of the XRCC1 gene is ~32 kb. The XRCC1
gene contains 17 exons and 60 SNP loci; it participates in
DNA damage repair, cell cycle and DNA transcription regu-
lation (17). The product of XRCCI1 can combine with DNA
ligase III, DNA polymerase {3 and polysaccharide enzyme to
form a complex, which repairs single-stranded DNA mistakes.
This complex can also act as a protein scaffold to stablize
the DNA structure (18). The results of our study show that
the XRCC1-194 alleles CC and TT were mostly found in
patients with a single tumor in the left lobe of the liver and
a tumor diameter smaller than 10 cm. On the other hand, the
XRCC1-280 GG allele was mostly found in patients exhibiting
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Figure 1. Survival curve of patients with XRCC1-194 loci polymorphism.
Kaplan-Meier analysis showed no significant correlation between XRCC1-194
loci polymorphism and the survival of the patients (p>0.05). XRCC1, X-ray
repair cross-complementing 1.
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Figure 2. Survival curve of patients with XRCC1-280 loci polymorphism.
Kaplan-Meier analysis showed significant correlation between XRCC1-280
loci polymorphism and the survival of the patients (p<0.05). XRCCI, X-ray
repair cross-complementing 1.
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Figure 3. Survival curve of patients with XPD-312 loci polymorphism.
Kaplan-Meier analysis showed significant correlation between XPD-312 loci
polymorphism and the survival of the patients (p<0.05). XPD, xeroderma
pigmentosum complementary group D.
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Table V. Relationship between XPD-312 gene polymorphism and clinical characteristics of HCC.
XPD-312 (n, %)
Clinical features AA GA GG x> P-value
General typing 2.507 0.643
Giant block type 10 (18.18) 4 (7.27) 41 (74.55)
Nodular type 11 (22.00) 5(10.00) 34 (68.00)
Diffuse type 18 (11.94) 6 (8.96) 52 (79.10)
No. of tumors 19.309 <0.001
Single tumor 19 (13.10) 9(6.21) 117 (80.69)
Multiple tumors 10 (37.04) 6 (22.22) 11 (40.74)
Liver tumor location 11.831 0.019
Left lobe 12 (15.19) 5(6.33) 62 (78.48)
Right lobe 11 (15.94) 4 (5.80) 54 (78.26)
Other 6 (25.00) 6 (25.00) 12 (50.00)
Tumor diameter 19.502 <0.001
<5cm 11 (13.75) 4 (5.00) 65 (81.25)
5-10 cm 13 (17.11) 6 (7.89) 57 (75.00)
>10 cm 6 (37.50) 5(31.25) 5(31.25)
Capsule invasion 2.825 0.243
Yes 11 (18.33) 8(13.33) 41 (68.33)
No 18 (16.07) 7(6.25) 87 (77.68)
XPD, xeroderma pigmentosum complementary group D; HCC, hepatocellular carcinoma.
Table VI. Logistic regression analysis of poor prognosis factors for HCC.
Factors § SE Wald OR 95% C1 P-value
Age (years) 0.331 0.512 3.783 0.631 0.375-0.952 0.214
Sex 0.437 0.517 6.372 0.215 0.104-0.779 0.309
Educational level -0.467 0.673 5.321 0.013 0.456-0.854 0.153
Living status -0.635 0.814 6.425 0.217 0.196-0.542 0.217
XRCC1-280 1.426 0.749 7.757 1.323 1.075-2.252 0.006
XPD-312 1.433 0.517 4.524 1.815 1.103-3.347 0.008
XRCC1-194 0.815 0.426 5232 0.945 0.625-0.973 0.734

HCC, hepatocellular carcinoma; XRCC1, X-ray repair cross-complementing 1; XPD, xeroderma pigmentosum complementary group D;

CI, confidence interval.

a single left lobe tumor with a diameter smaller than 10 cm.
Additionally, the XRCC1-194 and XRCC1-280 gene poly-
morphisms were significantly correlated with tumor number,
location and diameter (p<0.05), indicating that the polymor-
phisms can be used as markers predicting biological behavior
of HCC.

The XPD gene, another DNA repair gene, contains
23 exons and 6 SNP sites. The main function of XPD is
nucleotide excision (19). However, XPD can also participate
in p53-mediated apoptosis and in transcription by being part
of the transcription factor II D (TFIID) (20). A single base
mutation in XPD can cause a change in the protein function,
and lead to tumorigenesis (21). The results of this study show

that XPD-312 AA and GG were mostly found in patients with
single tumors (<10 cm in diameter) in the left lobe of HCC
patients. The XPD-312 gene polymorphism was significantly
correlated with tumor number, location and diameter (p<0.05).
This probably means the XPD-312 SNP can alter the ability
of its cognate protein to participate in repair, ultimately
promoting the progress of HCC.

Due to the rapid growth of liver tumors, and their vascular
invasion, capsule infiltration and distant metastases, the prog-
nosis in HCC is extremely poor. Our study found no significant
differences in the survival curves between the patients with
CC, CT and TT genotypes of the XRCC1-194 locus (p>0.05).
However, a significant difference was found in the survival
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curve of patients with AA and those with GG genotypes of the
XRCC1-280 locus; and in the patients with AA, GA and GG
genotypes of the XPD-312 locus (p<0.05). Logistic regression
analysis showed that the OR of RCC1-194 genotype is 0.945,
the OR of XRCC1-280 is 1.323 and the OR of XPD-312 is
1.815. Therefore, we think it is possible that XRCC1-280 and
XPD-312 may be involved in promoting the development of
HCC, shortening the time of recurrence and metastasis, and
negatively affecting the overall survival of patients. We are
aware of the small population size of our study and know that
additional studies are needed in order to confirm our findings.
Nevertheless, the evidence strongly suggests that XRCC1-280
and XPD-312 loci should be useful as reference markers for
predicting the evolution of the disease in HCC patients.
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