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Abstract: Hepatitis B virus (HBV) DNA is prone to mutations due to proofreading deficiencies of 

HBV polymerase. We have previously identified hepatocellular carcinoma (HCC) survival–associated 

HBV mutations in the X, precore, and core regions. In the present study, we extended our 

research to assess HCC survival–associated HBV mutations in the small S gene of HBV genome 

in 115 HCC patients including 60 patients with HBV B genotype, 52 patients with HBV C  

genotype, and 3 patients with other genotypes. The overfrequencies of mutations at nucleotides 

529 and 735 are 8.5% and 91.5%, respectively, but the distribution frequencies of these mutations 

are not different between HBV genotypes B and C. Mutational sites 529 (relative risk: 3.611, 

95% confidence interval [CI]: 1.414–9.221, P=0.007) and 735 (relative risk: 1.905, 95% CI: 

1.101–3.297, P=0.021) were identified as statistically significant independent predictors for HCC 

survival by multivariate survival analysis using a Cox proportional hazards model. Moreover, 

the mutated 529A and 735T were associated with both short survival time and high HBV DNA 

load score in HCC patients. The analysis of DNA mutations in the HBV S gene may help identify 

HCC subgroups with poor prognosis and may provide reference for therapeutic decisions.
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Introduction
Hepatocellular carcinoma (HCC) is responsible for more than half a million cancer-

related deaths annually, making it the third leading cause of cancer deaths worldwide.1 

A number of clinical characteristics including tumor size, tumor quantity, cell differen-

tiation, venous invasion, and inflammation degree have been identified as predictors for 

HCC, but the prognosis of HCC patients is still poor due to a high recurrence rate.2–5

Hepatitis B virus (HBV) is a hepatotropic virus that chronically infects approxi-

mately 400 million people worldwide and is thought to be responsible for a million 

deaths annually. HBV infection may be associated with a large spectrum of liver 

diseases including chronic hepatitis, cirrhosis, and HCC.6,7 In the People’s Republic 

of China, HBV infection is a challenging health issue with approximately 93 million 

people being HBV carriers and 30 million people being chronic hepatitis B patients.8 

Eight geography-related HBV genotypes (genotypes A–H) have been identified with 

genotypes B and C predominant in eastern Asia.9

The HBV genome is a relaxed, circular, partially double-stranded DNA (rcDNA) 

with approximately 3,200 nucleotides and comprises four partially overlapping open 

reading frames (ORFs) that encode the surface protein (PreS/S), the core protein 

(preC/C), a polymerase (pol), and a multifunctional nonstructural protein (HBx).7 
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The PreS/S ORF has one long ORF with three in-frame 

“start” (ATG) codons and different aminoterminal exten-

sions that encodes the three structurally related envelope 

proteins termed large, middle, and short proteins. The small  

S protein (HBsAg) contains 226 amino acids (aa), the middle 

protein (PreS2 + S) contains an extra N-terminal extension 

of 55 aa, whereas the large protein (PreS1 + PreS2 + S) has 

a further extensional N-terminal aa of 108 or 119.10 HBV 

DNA is prone to mutations due to the proofreading defi-

ciencies of HBV polymerase.11,12 The HCC risk-associated 

HBV mutations have been well studied in HBV-related HCC 

(HBV-HCC) patients in recent years;13–18 furthermore, we 

and other researchers have found the prognostic value of the 

X and PreC/C region mutations for HCC outcome.19–21 The 

potential role of HBV preS mutations on HCC pathogenesis 

had been identified previously;7,22,23 we have now extended 

our research to assess HCC survival–associated HBV muta-

tions in small S gene.

Materials and methods
Tissue specimens and Dna extraction
HBV-HCC tissue specimens were collected from patients 

who underwent tumor resection in the Department of Hepa-

tobiliary Surgery in the Fourth Hospital of Hebei University 

between 2007 and 2010. The Wizard Genomic DNA extrac-

tion kit (Promega, Madison, WI, USA) was used to extract 

genomic DNA. This study and all procedures were supervised 

and approved by the Human Tissue Research Committee of 

the Fourth Hospital of Hebei Medical University. Written 

informed consent was obtained from all patients.

Virological assay
The HBV DNA concentration in the HBV-HCC tissue was 

quantified as copies per microgram of genomic DNA with 

ABI 7300 TaqMan platform (Life Technologies, Carlsbad, 

CA, USA) by real-time PCR. HBV genotypes were deter-

mined by multiplex-PCR as described previously.18 The DNA 

sequences flanking the small S region 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) by ABI PRISM 

3100 Genetic Analyzer (Life Technologies). Mutations were 

confirmed by repeating the analysis on both the strands.

statistical analysis
Survival curves were plotted with the log-rank test using 

Kaplan–Meier method. Cox proportional hazards model was 

used for multivariate survival analysis and χ2 test to analyze 

dichotomous values among the genotypes and HBV DNA 

copy numbers. All statistical analyses were performed using 

SPSS 18.0 software package (IBM Corporation, Armonk, 

NY, USA), and a P-value ,0.05 was considered statisti-

cally significant.

Results
clinical characteristics of hBV-hcc 
patients
A total of 115 HBV-HCC patients including 60 patients 

with B genotype, 52 patients with C genotype, 2 patients 

with D genotype, and 1 patient with A + C genotype were 

enrolled in this study. The relationships between the clinical 

characteristics and postoperative overall survival in HBV-

HCC patients were analyzed with the log-rank test using 

Kaplan–Meier method. The portal vein thrombosis, tumor 

size, tumor stage, and HBV DNA load score were identified 

for their association with survival by univariate analysis 

(Table 2). After adjusting for clinical characteristics with the 

Cox proportional hazards model, the portal vein thrombosis 

and HBV load score were identified as independent predictors 

of postoperative survival in HBV-HCC patients.

Mutation of small S gene is associated 
with postoperative survival in hcc 
patients
The DNA sequences flanking the small S gene were 

sequenced in 47 HBV-HCC patients. Firstly, a total of 

88 mutations were identified (Figure 1). The mutation 

sites with mutation distribution frequency higher than 5% 

were analyzed for their association with HCC survival by 

Kaplan–Meier method for patients with HBV genotypes B 

and C (Table 3). The potentially HCC survival–associated 

mutations sites of 529 and 735 were further analyzed in the 

remaining HCC patients; these two sites were identified for 

their association with HCC survival (Figure 2). After adjust-

ing for clinical characteristics with the Cox proportional 

hazards model, the mutated 529A and 735T were associated 

with short survival time of HCC patients: 529 (RR: 3.611, 

Table 1 Primer pairs used in amplifying and sequencing the small 
S gene

Primers Nucleotide sequences (5′→3′) Positions

s1-F ccTcTaagagacagTcaTcc 3,178
s1-r agaagaTgaggcaTagcagc 434
s2-F TggcTaTcgcTggaTgTgTc 364
s2-r gaTgTTgTacagacTTggcc 778
s3-F TgTTcagTggTTcgTagggc 691
s3-r gcgagaaagTgaaagccTgc 1,102

Notes: s1–s3 represent primer pairs used for S gene amplication; F represents 
forward primer; and r represents reverse primer.
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95% confidence interval [CI]: 1.414–9.221, P=0.007); 735 

(RR: 1.905, 95% CI: 1.101–3.297, P=0.021). The overfre-

quencies of mutations at nucleotide 529 and 735 were 8.5% 

and 91.5%, respectively, but the distribution frequencies of 

these mutations were not different between HBV genotypes 

B and C. We evaluated the relationships between HBV rep-

lication and these two mutated sites, and the mutations were 

associated with higher HBV DNA load score (Table 4).

Discussion
HBV has a mutation rate that is more than 10-fold higher 

than that of other DNA viruses due to the deficiency 

of the proofreading function for HBV polymerase.7,11,12 

Accumulation of mutations reflects both the activity of 

virus infection and the strength of the immune response. 

Some of these mutations could provide a survival advan-

tage for HBV while the others are detrimental.7 The HBV 

mutations are clustered in a particular region of the HBV 

genome such as the basal core promoter (BCP)/preCore 

region and the preS/S region.24 We have identified previ-

ously the HBV-HCC survival–associated HBV mutations 

in the X protein region and preCore regions.20,21 Now we 

have extended our research to evaluate the mutations in 

the HBV DNA sequences flanking the small S gene and 

Table 2 Univariate and multivariate analyses of clinical characteristics associated with postoperative survival in hBV-hcc patients

Factors Cases (n) 3-year survival 
rate (%)

Univariate 
analysis (P-value)

Multivariate analysis

P-value RR 95% CI

age (years) 0.639 0.305 0.739 0.415–1.316
#55 60 45.0
.55 55 49.1

gender 0.534 0.133 1.866 0.827–4.211
Male 101 46.5
Female 14 50

Child-Pugh classification 0.263 0.101 2.201 0.858–5.649
a 106 48.1
B 9 33.3

genotype 0.722 0.96 0.988 0.619–1.579
B 60 48.3
c 52 44.2
Other genotype 3 66.7

Tumor number 0.551 0.098 1.83 0.895–3.744
single 97 47.4
Multiple 18 44.4

Portal vein thrombosis 0.000 0.000 3.516 1.787–6.919
Present 15 6.7
absent 100 53

TNM classification 0.004 0.841 1.084 0.494–2.379
i 46 65.2
ii 65 35.4
iii 4 25.0

size of tumor (diameter) 0.000 0.059 2.137 0.972–4.698
#5 cm 51 64.7
.5 cm 64 32.8

hBV Dnaa 0 0.042 0.52 0.277–0.975
$6×108 66 31.8
,6×108 49 67.3

Note: aDefined as copies per microgram of genomic DNA from HCC tissue (copies/μg).
Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HBV-HCC, hepatitis B virus related hepatocellular carcinoma; RR, relative risk.

Figure 1 Total mutations of each nucleotide in the small S gene. The triangles represent mutations sites of 529 and 735 potentially associated with hBV-hcc survival.
Abbreviation: hBV-hcV, hepatitis B virus related hepatocellular carcinoma.
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Table 4 relationship between hBV Dna load and small S gene 
mutations in hBV-hcc patients

Nucleotide 
sites

Variants HBV DNA load 
(copies/μg)

P-value

,6×108 $6×108

529 0.007
g 49 57
a 0 9

735 0.000
c 37 26
T 12 40

Abbreviations: hBV, hepatitis B virus; hBV-hcc, hBV-related hepatocellular 
carcinoma.

Table 3 Univariate analysis of small S gene mutations associated 
with postoperative survival in patients hBV-hcc

Factors No of 
cases

3-year survival 
rate (%)

Univariate 
analysis
P-value

Amino acid 
substitution

162 0.580 Yes, ser→asn(3)c

aa 26 30.8
gb 21 42.9

216 0.851 Yes, leu→ser(20)c

Ta 44 36.4
cb 3 33.3

293 0.572 Yes, Thr→ala(46)c

ga 6 16.7
ab 41 39.0

357 0.704 Yes, Thr→ile(68)c

ca 15 33.3
Tb 32 35.7

454 0.447 no
ca 44 34.1
Tb 3 66.7

529 0.007 no
ga 41 41.5
ab 6 0.0

531 0.988 Yes, ile→Thr(126)c

Ta 42 35.7
cb 5 40.0

592 0.654 no
ca 43 34.9
Tb 4 50.0

619 0.966 no
ca 37 35.1
Tb 10 40.0

735 0.029 Yes, ala→Val(194)c

ca 4 100.0
Tb 43 30.2

796 0.827 no
Ta 43 37.2
gb 4 25.0

799 0.517 no
aa 43 34.9
gb 4 50.0

832 0.189 no
Ta 43 37.2
cb 4 25.0

Notes: arepresents wild allele; brepresents mutant allele. cThe numbers in 
parentheses represent the amino acid position in the s protein.
Abbreviations: ala, alanine; asn, asparagine; hBV-hcc, hepatitis B virus related 
hepatocellular carcinoma; ile, isoleucine; leu, leucine; ser, serine; Thr, threonine; 
Val, valine.

identified two mutations associated with HBV-HCC survival 

by multivariate analysis.

The specific preS/S gene mutations may induce both the 

intracellular accumulation of envelope proteins in the endo-

plasmic reticulum (ER), resulting in liver damage, and the 

activation of ER stress-signaling pathways, resulting in oxida-

tive DNA damage and genomic instability; all these contribute 

to HCC development.7,23,25,26 The “a” determinant, that is the 

immunodominant determinant for the anti-HBs neutraliza-

tion, is located in the aa 99–170 of the S protein.10,27 Nonsense 

Figure 2 association of nucleotide sites 529 and 735 in the small S gene with hBV-
hcc survival. (A) 529 nucleotide site and (B) 735 nucleotide site.
Abbreviation: hBV-hcV, hepatitis B virus related hepatocellular carcinoma.
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mutations in the “a” determinant induce antigenically 

modified S proteins that may escape from the specific anti-

HBs neutralizing antibody.28–30 The 529 mutation site was 

located in the “a” determinant region; this mutation does 

not induce aa substitution in the S gene, but the complete 

overlapping of PreS/S ORF with polymerase has made it 

possible to induce aa substitution of rtD134N in the HBV 

polymerase which may result in an altered function of the 

HBV polymerase so as to effect the viral replication. Our 

data did show that the 529G-A mutation might increase HBV 

DNA replication. Laboratory-based functional study for the 

role of 735 C-T which induces Ala-Val substitution on HCC 

development should be performed. The other mutations in the 

S gene were also analyzed for their association with the viral 

DNA load score, but statistical difference could not be found. 

These data implied that the 529- and 735-mutation-related 

alterations of the viral DNA scores should be responsible, at 

least partly, for the outcome of HCC.

In conclusion, we found survival-associated S gene muta-

tions in HCC patients. The detection of outcome-associated 

HBV variants may help identify those HCC patients with 

poor prognosis for appropriate treatment.
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