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Abstract
Hepatitis B virus (HBV) DNA is prone to mutations because of the proofreading deficien-

cies of HBV polymerase. We have identified hepatocellular carcinoma (HCC) survival-

associated HBV mutations in the X protein region of HBV DNA. In the present study, we

extend our research to assess HCC survival-associated HBV mutations in the HBV pre-

core/core (PreC/C) region. The PreC/C region was amplified and sequenced and the HBV

mutations were identified according to the NCBI database (http://www.ncbi.nlm.nih.gov/

genome/5536). The relationships between the mutations in the PreC/C region and HCC

survival were analyzed. Survival curves were generated using the Kaplan-Meier method,

and comparisons between the curves were made using the log-rank test. Multivariate sur-

vival analysis was performed using a Cox proportional hazards model. After adjusting for

clinical characteristics, the 1915, 2134, 2221, 2245 and 2288 mutational sites were identi-

fied as statistically significant independent predictors of HCC survival by multivariate sur-

vival analysis using a Cox proportional hazards model. In addition, the mutational site of

1896 was identified for its association with survival at a borderline significance level. A total

of five mutations in the precore/core region were identified as independent predictors of

postoperative survival in HCC patients. The analysis of HBV DNAmutations may help

identify patient subgroups with poor prognosis and may help refine therapeutic decisions

regarding HCC patients.

Introduction
Hepatocellular carcinoma is the third leading cause of cancer deaths globally, resulting in over
half a million deaths every year [1]. Despite improved clinical detection methods and therapies,
the prognosis of postoperative HCC patients is still poor due to a high recurrence rate. Until
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now, the molecular mechanism of HCC carcinogenesis has not been fully understood. There
could be a vast number of prognostic factors and predictors of the disease, including tumor
size, tumor quantity, cell differentiation, venous invasion, and degree of inflammation [2–5]. It
has been reported that in Asia and Africa, where hepatitis B virus (HBV) and hepatitis C virus
(HCV) are prevalent, the incidence of HCC increased dramatically in recent decades. Notably,
almost 80% of HCC cases worldwide were triggered by infection with HBV. Thus, research on
HBV has become a hotspot and drawn the attention of clinicians in the field of HCC research.

Hepatitis B virus (HBV) is a hepatotropic virus that chronically infects approximately 300
million people worldwide and is thought to be responsible for a million deaths annually
(http://www.ncbi.nlm.nih.gov/genome/5536). Eight HBV genotypes (genotypes A to H) have
been identified with a distinct geographic distribution. Among them, genotypes B and C are
the predominant HBV genotypes in Eastern Asia. In China, HBV infection is a challenging
health issue. Approximately 93 million people are HBV carriers, and 30 million are suffering
from chronic hepatitis B [6,7].

The HBV genome contains four overlapping open reading frames that encode the surface
protein (S), the core protein, a polymerase, and a multifunctional nonstructural protein called
X. HBV DNA is prone to mutations due to the proofreading deficiencies of HBV polymerase
[8,9]. The cancer risk of HBV-related HCC (HBV-HCC) and HBV mutations have been well
studied in recent years [10–15], but only a few studies have focused on the prognostic value of
these mutations in HBV-HCC patients. By assessing HBV DNA in liver tissue specimens, Yeh
et al. showed that the basal core promoter A1762T/G1764A mutation is independently predic-
tive of postoperative survival in HCC patients [16]. In addition, our previous study identified
HBV-HCC survival-associated HBV mutations in the X protein region [17]. In this paper, our
research was extended to assess HCC survival-associated HBV mutations in HBV precore/core
(PreC/C) regions.

Materials and Methods

Tissue specimens and DNA extraction
HCC tissue specimens were collected at the Fourth Hospital of Hebei University from patients
who underwent tumor resection in the Department of Hepatobiliary Surgery between 2007
and 2009. All of the patients were proven to be infected with HBV and lacking other diseases
(i.e., HCV, autoimmune hepatitis). Genomic DNA was extracted immediately with a Wizard
Genomic DNA extraction kit (Promega, Madison). All procedures were supervised and
approved by the Human Tissue Research Committee of the Fourth Hospital of Hebei Medical
University, and written inform consent were obtained from each patients.

Virological Assay
The HBV DNA concentration was quantified using the ABI 7300 TaqMan platform (Life
Technologies, Carlsbad, CA) by real-time PCR, and its levels in HCC tissue were calculated as
copies per microgram of genomic DNA. HBV genotypes were determined by the multiplex-
PCR as described previously [18]. The DNA sequences flanking the PreC/C regions were
amplified with the primer pairs listed in Table 1 according to the NCBI database (http://www.
ncbi.nlm.nih.gov/genome/5536). Cyclic sequencing was performed with a BigDye Terminator
v3.1 Cycle Sequencing Kit (Life Technologies), and the products were separated using an ABI
PRISM 3100 Genetic Analyzer (Life Technologies). Mutations were confirmed by repeating the
analysis on both strands.
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Statistical analysis
Survival curves were generated using the Kaplan-Meier method, and comparisons between the
curves were made using the log-rank test. Multivariate survival analysis was performed using a
Cox proportional hazards model. The χ2 test was used to analyze dichotomous values among
genotype, HBV DNA copy number, mutation number and E antigen status. All of the statistical
analyses were performed using the SPSS 18.0 software package (IBM Corporation, Armonk,
NY), and a p value< 0.05 was considered statistically significant.

Results

Clinical characteristics of HBV-HCC patients
A total of 119 HBV-HCC patients were enrolled in this study; eight patients were lost during
follow-up, which was performed every three months for 3 years, and the remaining 111
patients were genotyped as follows: two were A, two were D, 58 were B, 46 were C, one was B
+C, one was C+D and one was A+C. As the number of patients in groups A and D is too samll,
we used 104 patients of B and C types to further analysis. The relationships between the clinical
characteristics and postoperative overall survival in HBV-HCC patients were assessed using
the Kaplan—Meier method and the log-rank test. The characteristics of tumor size, tumor
stage, and portal vein thrombosis were associated with survival in these patients (Table 2).
Based on multivariate analysis with the Cox proportional hazards model, tumor size and portal
vein thrombosis were identified as independent predictors of postoperative survival in
HBV-HCC patients.

Virological parameters associated with postoperative survival in HCC
patients
The DNA sequences flanking the PreC/C region were sequenced, and a total of 186 mutations
were identified in the PreC/C region. The highest mutation rate was observed at the 2221
nucleotide with 55 carriers (Fig 1).

The relationship between HBV mutations and HBV-HCC survival was analyzed with the
log-rank test and Cox proportional hazards model, and 19 mutational sites with mutational
rates higher than 5% in HCC patients were used for survival analysis, as shown in Tables 3 and
4. Among these 19 sites, the following nine sites were associated with postoperative survival at
statistically significant levels in HCC tissue based on the log-rank test with the Kaplan-Meier
method: nucleotides 1896, 1915, 1979, 2134, 2176, 2221, 2245, 2260, and 2288. Almost half of
the detected mutations (9/19) were associated with overall survival in HCC (Fig 1), and more
than a half of them (5/9) were associated with worse outcome by multivariate analysis with the
Cox proportional hazard model (Tables 3 and 4). As shown in Tables 3 and 4, after adjusting
for clinical characteristics, the following five mutational sites were identified as independent
predictors of HCC survival at statistically significant levels: 1915 (RR:0.175, 95%CI: 0.040–
0.755, p = 0.020), 2134 (RR: 3.803,95%CI: 1.772–8.162, p = 0.001), 2221 (RR: 2.490, 95%CI:

Table 1. Primer pairs used in amplifying and sequencing the precore/core regions.

Primer Nucleotide sequence (5’!3’) Position

HBV1F CACCTCTGCACGTAGCAT 1592–1609 Sense

HBV1R TCCCGATACAGAGCAGAG 2002–2019 Antisense

HBV2F TGCCTTCTGACTTCTTTCC 1956–1974 Sense

HBV2R TGAGATTCCCGAGATTGA 2428–2445 Anti-sense

doi:10.1371/journal.pone.0133393.t001
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Table 2. Univariate andmultivariate analysis of clinical factors associated with postoperational survival in HBV-HCC patients.

Factors No. of 3-year Univariate Multivariate analysis

case survival rate analysis p-value p-value RRa 95%CI

Age 0.559 0.483 0.828 0.488–1.404

�55 54 44.8%

>55 50 39.1%

Sex 0.547 0.343 1.537 0.632–3.738

male 92 41.3%

female 12 50.0%

CHILD classification 0.160 0.294 1.631 0.653–4.072

A 96 43.8%

B 8 25.0%

Genotype 0.559 0.176 1.461 0.844–2.531

B 58 44.8%

C 46 39.1%

Tumor quantity 0.611 0.122 1.755 0.860–3.580

single 87 42.5%

multiple 17 41.2%

Portal vein thrombosis <0.001 0.023 2.276 1.120–4.625

Yes 14 7.1%

No 90 47.8%

TNM classification 0.008 0.091 1.688 0.920–3.096

I 48 58.3%

II+ III 56 28.6%

Tumor size (diameter) 0.007 0.010 2.134 1.202–3.786

�5cm 43 55.8%

>5cm 61 32.8%

HBV DNAb 0.033 0.034 0.550 0.316–0.957

<6.0E+08 53 34.0%

�6.0E+08 51 51.0%

aRR: Relative Risk;
bDefined as copies per microgram of genomic DNA.

doi:10.1371/journal.pone.0133393.t002

Fig 1. Distribution of mutation frequency in the PreC/C region. The square indicates the mutations associated with HBV-HCC survival by univariate
analysis using the log-rank test, and the rhombus indicates mutations that were not associated with HBV-HCC.

doi:10.1371/journal.pone.0133393.g001
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1.433–4.325, p = 0.001), 2245 (RR: 2.056, 95%CI:1.215–3.482, p = 0.007) and 2288 (RR: 2.594,
95%CI: 1.144–5.879, p = 0.022). Additionally, one mutational site was associated with survival
at a borderline significance level: 1896 (RR: 2.044, 95%CI: 0.982–4.257, p = 0.056). We associ-
ated the mutations and clinial factors, and no association has been foound (data not shown).

Discussion
We identified the HBV-HCC survival-associated HBV mutations in the X protein region in a
previous study [17]. In this study, we extended our research to evaluate the mutations in the
HBV DNA sequences flanking PreC/C regions and identified six mutations associated with
HBV-HCC survival by multivariate analysis. Our results demonstrate that the HBV mutations

Table 3. Univariate andmultivariate analysis of precore/core mutations associated with postoperative survival in patients with HBV-HCC (nucleo-
tide 1814–2160).

Nucleotide site 3-year Univariate Multivariate analysis

No. of case survival rate analysis p-value p-value RR 95%CI Amino acid
substitution

1846 0.817 0.604 0.777 0.300–2.015 No

A 95 42.1%

T 9 44.4%

1889 0.720 0.869 0.924 0.359–2.378 Yes Trp!Arg(26)

T 96 42.7%

A 8 37.5%

1896 0.028 0.056 2.044 0.982–4.257 Yes Trp!stop(28)

G 93 45.2%

A 11 18.2%

1915 0.015 0.020 0.175 0.040–0.755 No

G 93 38.0%

A or C 11 81.8%

1979 0.050 0.505 1.294 0.606–2.764 Yes Ile!Val(56)

A 92 45.7%

G 12 16.7%

2044 0.471 0.582 0.765 0.295–1.983 No

T 94 41.5%

C 10 50.0%

2077 0.429 0.625 0.743 0.226–2.441 No

T 97 41.2%

A or C 7 57.1%

2134 0.000 0.001 3.803 1.772–8.162 No

C 94 45.7%

T 10 10.0%

2137 0.736 0.551 1.382 0.477–4.002 No

A 96 41.7%

G or T or C 8 50.0%

2159 0.759 0.570 1.314 0.512–3.373 Yes Ser!Arg(116)

C 96 42.7%

G 8 37.5%

Abbreviations: ORF, open reading frame; PreC/C, precore/core

doi:10.1371/journal.pone.0133393.t003
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are not only involved in hepatocarcinogenesis, as reported previously, but also affect postoper-
ative prognosis.

HBV infection remains the major health challenge in Southeast Asia, where HBV is highly
prevalent [16]. The precore/core (PC/C) is one of the four HBV open reading frames (ORFs),
which encodes for both the hepatitis B e antigen (HBeAg) and the core protein (HBcAg).
HBeAg expression may be reduced by the precore mutations G1896A and the double mutation
A1762T/G1764A in the basal core promoter (BCP) region [19]. In the past decade, the two
mutations were identified that were contributed to the clinical severity of HCC [20–22]. Six
HCC survival associated mutations, 1896, 1915, 2134, 2221, 2245, and 2288, have been identi-
fied in the PreC/C region in our work. Among them, G1896A and C2288A can introduce
mutations in amino acid residues. However, only G1896A has been well studied. The G1896A
mutation prevents the production of HBeA by introducing a stop codon into the open reading
frame of the precore region and was shown to be associated with hepatocarcinogenesis [8,22].

Table 4. Univariate andmultivariate analysis of precore/core mutations associated with postoperative survival in patients with HBV-HCC (nucleo-
tide 2161–2452).

Nucleotide site 3-year Univariate Multivariate analysis

No. of case survival rate analysis p-value p-value RR 95%CI Amino acid
substitution

2176 0.012 0.139 1.829 0.823–4.065 No

T 95 45.3%

C 9 11.1%

2189 0.782 0.926 0.944 0.277–3.212 Yes Ile!Phe(126)

A 98 41.8%

T 6 50.0%

2201 0.580 0.364 1.288 0.745–2.227 No

T 72 44.4%

C 32 37.5%

2221 0.001 0.001 2.490 1.433–4.325 No

C 49 59.2%

T 55 27.3%

2245 0.050 0.007 2.056 1.215–3.482 No

C 60 50.0%

T 44 31.8%

2251 0.674 0.342 0.554 0.164–1.876 No

G 98 41.8%

A 6 50.0%

2260 0.029 0.406 1.379 0.646–2.944 No

G 93 45.2%

A 11 18.2%

2288 0.002 0.022 2.594 1.144–5.879 Yes Pro!Ser(159)

C 96 45.8%

A 8 0.0%

2290 0.202 0.266 1.359 0.791–2.333 No

C 67 46.0%

T 37 35.1%

Abbreviations: ORF, open reading frame; PreC/C, precore/core

doi:10.1371/journal.pone.0133393.t004
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Kim et al. verified that several preC/C mutations that can introduce codon mutation are linked
with the HCC [15]. The results from this study indicated that the mutations other than
G1896A in the precore/core region were associated with the HCC outcome regardless of
whether it causes codon mutation. Validation in both other populations and laboratory-based
functional studies is still required to elucidate the way in which these mutations affected the
HCC progress and the difference between the two mutation types in introducing codon muta-
tions. We performed multivariate analysis including the HCC survival associated clinical fac-
tors and these five HCC survival mutations to exclude the interactions among the mutations,
the 1915 (RR:0.208, 95%CI: 0.050–0.867, p = 0.031) and 2134 (RR:2.644, 95%CI: 1.201–5.819,
p = 0.016) mutations display the survival association at significantly statistical level, the 2221
(RR:2.085, 95%CI: 0.990–4.392, p = 0.053) mutation display association at borderline levels.
The analysis of HBV DNAmutations may help identify patient subgroups with poor prognoses
and may help refine therapeutic decisions regarding HCC patients.
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