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Abstract: Hepatocellular carcinoma (HCC) is one of the most malignant tumors worldwide, especially in Eastern 
China where HBV infection confirmed as the most important pathological element. HBV X gene, extremely easy to 
mutate and integrate into hepatocytes, plays a significant role in HBV infection and HCC development. We deduced 
that mutations of integrated HBx gene make transformation more malignant. The aim of the study was to investi-
gate whether there were different mutation patterns between the HCC tissues and the pericarcinoma liver tissues 
(PCLT) from patients with HCC in Eastern China. Methods: HBx genes extracted from 287 HCC tissue samples and 
195 PCLT tissue samples were analyzed by sequence alignment and stratified analysis with the matched medical 
records. Results: Mutations occurred complicated and changeable in both HCC and PCLT. COOH-terminal truncation 
is more frequently found in HCC than PCLT (P < 0.05). There is no single site mutation of nucleic acid or amino acid 
makes distribution discrepancy between HCC and PCLT. Hydrophobic/hydrophilic character of amino acid of site 43, 
47, 127, 131, 132 make distribution discrepancy between HCC and PCLT in men when stratified for gender (P < 
0.05). Hydrophobic/hydrophilic character of amino acid of site 40 makes distribution discrepancy between HCC and 
PCLT in both male and female (P < 0.05). Hydrophobic/hydrophilic character of amino acid of site 47 and 127 make 
significant discrepancy among clinical stage I, II, III (P < 0.05). Conclusions: During the infection and replication 
of HBV, HBx mutates to adjust itself to the hepatocyte and increase the carcinogenesis. COOH-terminal truncated 
HBX may play a stimulative role in HBV-related HCC carcinogenesis as well as hydrophobic/hydrophilic character 
changes in some specific amino acid sites.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most malignant tumors worldwide. Annually 
newly reported HCC cases and death cases are 
both approximately 700 thousand, half of which 
occurred in China [1]. Chronic hepatitis B virus 
(HBV) infection has been confirmed as the lead-
ing pathological element for HCC development 
[2]. Over 80% Chinese HCC patients were 
infected by HBV, especially in Eastern China [3]. 
Evidence is accumulating that HBV X protein, 
the product of the fourth open reading frame 
(ORF), which is a multifunctional regulator, 
could modulate transcription, intracellular sig-
nal transduction, malignant cell proliferation, 
apoptosis, plays a significant role in HBV infec-

tion and HCC carcinogenesis [4-11]. Exhausting 
numbers of proteins were proved to interact 
with HBX. Just as Murakami said: “If there is a 
protein that is not among the list of HBX interac-
tors, then this protein has probably not yet been 
tested” [2].

HBx is extremely easy to integrate into the chro-
mosomal DNA of hepatocyte [12]. The clinical 
records that mutated and truncated HBx gene 
could often be detected from serum and tissue 
samples of HCC patients and cirrhotic patients 
were consistent with molecular mechanism 
research [13]. Although lacking of proofreading 
function of HBV polymerase results in frequent 
and multiple mutations in X gene during HBV 
infection and replication [14], integrated, even 
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truncated HBx gene could encode functional X 
protein that still acts as a promoter for malig-
nant transformation [2].

Furthermore, several mutation patterns have 
been documented. Research from Carman and 
Okamoto [15, 16] documented the HBV double 
mutations 1762T/1764A (equally 389T and 
391A in X gene region) of chronic HBV carriers 
from Greek and Japan, which result in a HBeAg 
(-) phenotype. More interestingly, Chen found a 
brand new mutation pattern of Hong Kong HCC 
patients, that insert mutation 204AGGCCC co-
existed with two point mutations 260 (G→A) 
and 264 (G/C/T→A), therefore named “204 
insert + 260/264 point” [17]. Muroyama report-
ed a substitution mutation in X protein, S38, 
correlated significantly with an increased risk of 
hepatocellular carcinoma in Japan [18]. Wher- 
eas a different result was obtained by a follow-
ing research of Japanese patients from another 
region that S38 substitution mutation did not 
show any correlation with HCC [19].

Hardly a research focus on the HBX mutation 
differences between HCC and PCLT samples of 
patients in Eastern China has been done due to 
the difficulty in samples obtaining, results in 
the unknown whether there are special muta-
tion patterns required for HCC pathogenesis in 
Eastern China. The aim of our study was to fill in 
the blank.

Materials and methods

Subjects

287 hepatocellular carcinoma tissue samples 
and 195 pericarcinoma liver tissue samples 
were obtained from patients who underwent 
surgical resection of tumors in Zhongshan 
Hospital affiliated to Fudan University and were 
tested negative for antibody for hepatitis C 
virus and positive for hepatitis B virus surface 
antigen. Informed consent for the study was 
obtained from all these patients. PCR for the 
HBx coding region was successful in 192 HCC 
samples and 149 PCLT samples. These 341 
tissue samples and matched medical records 
could be eligible for HBx sequence analysis.

DNA extraction and nested PCR

All tissue samples were frozen in liquid nitrogen 
immediately after surgical resection and stored 

at -80°C until the procedure for tissue DNA 
extraction. Tissue DNA was extracted using 
QIAamp® DNA Mini Kit (QIAGEN GmbH, Hilden, 
Germany). DNA yield was measured by absor-
bance at 260 nm with DanoDrop 2000 system 
(Thermo Fisher Scientific, Waltham, MA, USA), 
which was also applied for DNA purity deter-
mined and concentration dilution to 50 ng/μl. 
The primers for the first round PCR were 
5’-ATCGTATCCATGGCTGCTAGGCT-3’ (forward 1) 
and 5’-CACAGCTTGGAGGCTTGAACA-3’ (reverse 
1), and for the second round PCR were 
5’-CATGGCTGCTAGGCTGTGCTG-3’ (forward 2), 
and 5’-GAGAGTATTAGGCAGAGGTGAAAAAG-3’ 
(reverse 2) [17]. 200 ng genome DNA was used 
as template in the first round PCR performed 
with Pyrobest PCR system (TaKaRa Bio, Japan) 
according to the instruction on the manufac-
turer’s manual with DNA Thermal Cycler (Ge- 
neAmp® PCR system 9600, Applied Bio- 
systems, Foster City, CA, USA). The first round 
PCR was carried out as described [17]. 4 μl of 
the first round PCR product was used as tem-
plate for the second round PCR, which was also 
proceeded as described [17]. The products of 
second round PCR were gel-purified using 
QIAquick® Gel Extraction Kit (QIAGEN GmbH, 
Hilden, Germany) according to the instruction.

Sequencing of X region

Sequencing primers were 5’-GACGTCCTTTG- 
TCTACG-3’ (HBx-seq-forward), 5’-TATGCCTACA- 
GCCTCC-3’ (HBx-seq-reverse). ABI PRISM® 
BigDyeTM Terminator Cycle Sequencing Ready 
Reaction Kit (Applied Biosystems, Foster City, 
CA, USA) was used for sequencing reactions. 
Briefly, 4 μl of Terminator Ready Reaction Mix, 1 
μl of 10 pmol/μl primer (forward or reverse), 5 
μl of 15 ng/μl gel purified PCR product were 
well mixed in a PCR reaction tube and placed in 
DNA Thermal Cycler (GeneAmp® PCR system 
9600, Applied Biosystems, Foster City, CA, 
USA). The reaction was proceeded at 96°C  
for 20 s, 50°C for 10 s, 60°C for 4 min and  
was repeated for 30 cycles. Purification and 
denaturation processes were carried out as 
described [17]. Sequencing electrophoresis 
was performed on ABI PRISM 3730TM DNA 
Sequencer (Applied Biosystems, Foster City, 
CA, USA). Sequences obtained from each sam-
ple were compared with the HBx sequence in 
NCBI (HBVgp3, NC_003977.1) using software 
DNAStar 6.0.
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Statistical analysis

Mutations between HCC and PCLT were ana-
lyzed with chi-square test (χ2 analysis) and 
P-Value by SPSS 11.5. Matched medical 
records were performed with stratified analy-
sis. A threshold of P < 0.05 was defined as sta-
tistically significant.

Results

HBx amplification and sequencing

DNA was successfully amplified in 192 HCC 
samples and 169 HBx sequences (88%) were 
obtained after sequencing. Parallely, 117 HBx 
sequences (78.5%) were obtained from 149 
PCLT samples sequencing.

Figure 1. Basic situation of truncated mutations in the study. A: The sketch map of complete HBx sequence after 
nested PCR. the complete HBx sequence (white areas) should acquire UTRs (3’- and 5’-, gray areas) and two-sided 
primer regions (base areas), black bars stand for the truncated parts. B: 68 truncated mutant sequences in HCC 
samples. C: 24 truncated mutant sequences in PCLT samples. D: Statistics of truncated mutations in HCC and 
PCLT. Truncated mutations were found to have a significant higher percentage in HCC samples than PCLT samples. 
(χ2=12.75, P < 0.01). E: Statistics of COOH-terminal truncated mutations in HCC and PCLT. COOH-terminal truncated 
mutations were also found to have a significant higher percentage in HCC samples than PCLT samples. (χ2=4.23, 
P < 0.05).
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Mutations in nucleic acid sequences

Point mutations, truncated mutations and 
insert mutations were found in both HCC sam-
ples and PCLT samples throughout the 465 
nucleotide.

In HCC samples, there were 121 sites had 
pointed mutations; In PCLT samples, 133 sites 
with total of 154 sites. Some mutations, 
occurred in HCC samples, did not exhibit in 
PCLT samples, and vice versa. Mutation rate is 
less than 5% in approximately 68% (106/156) 
mutation sites. Mutation rate is higher than 
20% in approximately 8% (12/156) sites, which 
is mainly allocated in the COOH-terminal of the 
HBx coding region, the region of transcriptional 
activity [20, 21]. Unexpectedly, HBV double 
mutations 1762T/1764A (equally HBx 389T/ 
391A), which located in an essential region of 
HBV for trans-activation function [22] and 
made significant discrepancy between serum 
from HCC patients and that from normal con-
trols [15, 16, 23], did not make distribution dis-
crepancy between HCC and PCLT in our study.

As shown in Figure 1A, the complete HBx 
sequence (white areas) should acquire UTRs 
(3’- and 5’-, gray areas) and two-sided primer 
regions (base areas) after nested PCR in our 
study according to the primer design [17]. Here, 
we exhibit the 68 truncated mutations in HCC 
samples (Figure 1B) and 24 truncated muta-
tions (Figure 1C) in PCLT samples, black bars 
stand for the truncated parts. Truncated muta-
tions were found to have a significant higher 
percentage in HCC samples than PCLT samples 
(Figure 1D) (χ2=12.75, P < 0.01). Moreover, as 
the COOH-terminal of HBx coding region is the 
region of transcriptional activity [20, 21], we 
divided these sequences into COOH-terminal 
truncation sequences and Non-COOH-terminal 
truncation sequences. COOH-terminal trunca-
tion made distribution discrepancy between 
HCC samples and PCLT samples (Figure 1E) 
(χ2=4.23, P < 0.05).

Insert mutations existed in 15 sequences from 
HCC samples and 9 sequences from PCLT sam-
ples, which did not make distribution discrep-
ancy. But it was noteworthy that, in HCC sam-
ples, insertion mutations only existed in 
sequences that from patients whose serum 
alpha fetoprotein (AFP) level > 20 ng/ml.

Mutations in deduced amino acid sequences

We did not find any type of amino acid made 
distribution discrepancy between HCC samples 
and PCLT samples (Figure 2A). Furthermore, 
neither the physicochemical properties (Figure 
2B, 2C) nor the chemical constructions (Figure 
2D, 2E) of amino acids made significant differ-
ence between HCC and PCLT. Hardly any accu-
mulation of changes in physicochemical prop-
erties or chemical constructions results in the 
distinction between HCC and PCLT.

So we considered another approaches: com-
pare the physicochemical properties changes 
in every amino acid position instead of the over-
all situation between HCC and PCLT.

Not surprisingly, we found position 40 makes 
significant difference between HCC and PCLT 
when taken the hydrophobic/hydrophilic char-
acter into consideration (χ2=5.04, P < 0.05).

Stratified analysis with medical records

Epidemical investigation showed that, and was 
well-known that, when infected by HBV, males 
are more likely to become carriers and to devel-
op chronic liver disease and even primary liver 
cancer. The ratio of males to females with 
hepatocellular carcinoma was approximately 
2.7:1 in China [24], which was even higher in 
the Eastern China. So we performed the strati-
fied analysis focused on the male group.

There were significant differences in 5 posi-
tions in male group between HCC and PCLT 
when taken the hydrophobic/hydrophilic char-
acter of amino acid into consideration besides 
position 40 (Table 1).

Furthermore, position 47 and 127 made signifi-
cant discrepancy in TNM staging related to the 
hydrophobic/hydrophilic character of amino 
acid in both male and female HCC samples. 
Analogously, position 43 made significant dis-
crepancy in TNM staging related to the hydro-
phobic/hydrophilic character of amino acid only 
in male HCC samples (Table 2).

Hydrophobic/hydrophilic character change in 
specific regions

Interestingly, as we could see, these mutation 
hot positions were concentrated in two regions 
around the positions 40 and 120, which were 
relative to the hydrophobic/hydrophilic charac-
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Figure 2. Statistics of types and properties of amino acids in HCC and PCLT. A: Statistics of amino acids types. There 
was no type of amino acid made distribution discrepancy between HCC samples and PCLT samples. B: Statistics of 
hydrophobic and hydrophilic amino acids. Numbers of total hydrophobic and hydrophilic amino acids did not make 
distribution discrepancy between HCC samples and PCLT samples. C: Statistics of acidic, basic and neutral amino 
acids. Numbers of total acidic, basic and neutral amino acids did not make distribution discrepancy between HCC 
samples and PCLT samples. D: Statistics of polar and nonpolar amino acids. Numbers of total polar and nonpolar 
amino acids did not make distribution discrepancy between HCC samples and PCLT samples. E: Statistics of amino 
acids with special side chains. Numbers of amino acids with special side chains did not make distribution discrep-
ancy between HCC samples and PCLT samples.
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Table 1. Positions related to the hydrophobic/hydrophilic char-
acter of amino acid made significant differences between HCC 
and PCLT in male group

Position Amino acid change hydro-
phobic/hydrophilic HCC PCLT χ2 P-value

40 P + A/S + T 82/10 77/2 4.63 0.033
43 P + A/S 11/83 2/77 5.78 0.016
47 A/T + S 77/14 75/3 6.75 0.009
127 I + V/N + T + S 60/14 39/25 6.91 0.009
130 M + I + L/K 23/27 38/19 4.67 0.031
132 F/Y 78/4 60/10 4.06 0.044
Note: Amino acids were exhibited in single letter abbreviations.

Table 2. Positions related to the hydrophobic/hydrophilic 
character of amino acid made significant differences in TNM 
staging in HCC samples

Position Group(s)
TNM Staging hydrophobic 

percentage (%) χ2 P-value
I II III

43 Male 27.78 10.00 3.13 7.09 0.029
47 Male & Female 66.67 84.62 100 7.00 0.030
127 Male & Female 100 76.92 0.00 12.64 0.002

ter of amino acid. Therefore, we 
referred to the Kyte-Doolittle Hy- 
dropathy Plots (http://gcat.david-
son.edu/DGPB/kd/kyte-doolittle.
htm) to investigate whether there 
was special hydrophobic area or 
hydrophilic area around the posi-
tions 40 and 120. In Kyte-Doo- 
little Hydropathy Plots, hydropa-
thy score represented hydropho- 
bic/hydrophilic character of ami- 
no acid. The higher the score, the 
greater the hydrophobicity is, the 
lower the score, the greater the 
hydrophilic is. As shown in Figure 
3A, these mutated positions were 
located in two regions of special 
hydrophobic/hydrophilic charac-
ter, neutral area around position 
40 and hydrophilic area around 
position 120. The result indicated 
that mutations mainly affected 
the hydrophobic/hydrophilic char-
acter of HBX and may alter the 
pathology feature of HBX.

Discussion

Hepatocellular carcinoma (HCC), 
with poor prognosis and high 
recurrence rate, is one of the 
most malignant tumors worldwide 
and occupy the third in the cancer 
death in China. It is generally 
accepted that chronic hepatitis B 
virus (HBV) infection plays a major 
pathological role in HCC develop-
ment in China. Over 80% Chinese 
HCC patients were infected by 
HBV, especially in Eastern China 
[3]. The HBX protein, product of 
HBV X gene, a 16-18 kDa protein, 
has been reported to be a tran-
scriptional transactivator and can 
modulate the transcription of an 
extensive variety of viral and cel-
lular promoters [25]. More impor-
tantly functional X protein, usually 
mutated or truncated due to the 
lacking of proofreading function 
of HBV polymerase, is maintained 
and expressed in most of the inte-
grated subviral genomes [26], 
could induce the cell proliferation 
[11], deregulate the cell cycle 

Figure 3. Kyte-Doolittle Hydropathy Plots of HBX and functional domain 
of HBX. A: Kyte-Doolittle Hydropathy Plots of HBX. Mutations found in our 
study were located in two concentrated regions (red boxes) around posi-
tion 40 and position 120, position 40 is located in a neutral region in 
the N-terminal, position 120 is the most hydrophilic part of X protein. B: 
The functional domain of HBX. The N-terminal part of HBX (yellow part) is 
the transformation functional part of X protein. The COOH-terminal part 
(green part) is regulating region for transactivation and apoptosis.
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check point [11], induce HCC in certain trans-
genic mice [27] and modify several cellular 
pathways [25].

The correlation between HBX protein mutations 
and HCC development, reported distinguished 
behavior in different geographic regions, has 
not been clearly elucidated. Furthermore, due 
to the difficulties in tissue samples obtaining, 
most research were focused on the HBx muta-
tions in serum samples or a small amount of 
tissue samples.

In our study, we focused on the different muta-
tion patterns between hepatocellular carcino-
ma (HCC) samples and pericarcinoma liver tis-
sues (PCLT) samples. In terms of the overall 
situation, we obtained 169 HBx sequences 
from 287 HCC samples and 117 HBx sequenc-
es from 195 PCLT samples. Stratified analysis 
was performed with corresponding medical 
records to investigate the potential mutation 
positions that related to the HCC carcinogene-
sis or malignant transformation and special 
mutation patterns that exclusive to the inhabit-
ants in Eastern China.

In our study, point mutations, truncated muta-
tions and insert mutations were found in both 
HCC samples and PCLT samples, which were in 
accordance with some classic studies [22, 28] 
and demonstrated the occurrence of mutations 
in X-ORF is independent with geographic re- 
gions. Furthermore, some mutations, occurred 
in HCC samples, did not exhibit in PCLT sam-
ples, and vice versa, which were consistent 
with Chen’s study [17]. Whereas we did not 
found the special mutation pattern “204 insert 
+ 260/264 point”, which was inconsistent with 
Chen’s study as Hong Kong has relatively iso-
lated ethic Chinese population, which has their 
own special living styles in many aspects [17]. 
It’s worth mentioning that HBV double muta-
tions 1762T/1764A (equally 389T and 391A in 
X gene region) of chronic HBV carriers from 
Greek and Japan [15, 16] and two substitution 
mutations in X protein in Japan, S38 [18] and 
Y94 [29], did not make significant difference 
between HCC samples and PCLT samples, 
which might be because of the different geo-
graphic regions or non-functioning of these 
mutations in HCC carcinogenesis or malignant 
transformation.

The COOH-terminal region of X protein is pivotal 
to the transactivational function and pro-apop-

tosis effect of the protein and for mediating cell 
proliferation (Figure 3B) [30]. HBV DNA 
sequences from HCC patients, especially those 
isolated from integrated viral DNA, very com-
mon, have a deletion in the COOH-terminal 
region of the X-ORF, this indicates that the dele-
tion parts may be implicated in the HCC carci-
nogenesis or malignant transformation [11]. 
Undoubtedly, in our study COOH-terminal trun-
cations were found in both HCC samples and 
PCLT samples (Figure 1B, 1C). Furthermore, 
our study showed that COOH-terminal trunca-
tion made distribution discrepancy between 
HCC samples and PCLT samples (Figure 1E), 
which validated the potential pathological func-
tion of COOH-terminal of X protein in HBV-
related HCC carcinogenesis from another point 
of view.

The most important finding of our study was the 
identification of two mutation-concentrated 
regions (Tables 1, 2), particularly in male, relat-
ed to hydrophobic/hydrophilic character’s 
switch. To our knowledge, these two special 
regions have never been reported before. One 
of the regions was located around position 40 
(Figure 3A), a neutral region in the N-terminal, 
the regulating region for transformation. 
Another is located around position 120 (Figure 
3A), the most hydrophilic part of X protein, also 
in the pro-apoptosis functional part of X pro-
tein. These two special regions changes may 
cause structure change and conformation 
alteration of X protein and hence alter the regu-
latory and transactivational functions. However, 
further experiments need to be done to confirm 
the inference.

Another feature of our study is that we discov-
ered insert mutations only existed in sequenc-
es that from patients whose serum AFP level > 
20 ng/ml. Clinically, serum AFP level > 20 ng/
ml is the symbol of chronic liver disease. AFP is 
a classic liver cancer marker in adults and is 
reported to have a promotive effect in HCC car-
cinogenesis [31, 32]. However, the molecular 
mechanism behind the connection between 
AFP and HBX insert mutations is complicated 
and difficult to interpret. On the other hand, the 
correlation between AFP and HBX insert muta-
tions observed in our study might be because 
the coincidence in samples obtaining or the 
sample size was not large enough.

In summary, we conducted a stratified analysis 
with corresponding medical records between 
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HCC samples and PCLT samples based on the 
advantages in tissue samples obtaining and 
found some novel phenomenon that exclusive 
to the inhabitants in Eastern China. Combined 
with the reviewed studies, our research might 
represent a possible strategy of HBV subviral 
genome to escape the immunological surveil-
lance of parasitifer and experience some co-
evolutionary process with the host cells so that 
they could contribute to the process of multi-
step hepatocellular carcinoma deterioration.
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