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Abstract. Correlation of APOBEC3G expression with liver 
function indexes of patients with chronic hepatitis B and its 
expression in chronic hepatitis B, liver cirrhosis and liver 
cancer were investigated to evaluated the significance of 
APOBEC3G. Fifty-eight patients with chronic hepatitis B 
were selected, including 20 cases of chronic hepatitis B, 19 
cases of liver cirrhosis and 19 cases of liver cancer. Liver 
function indexes were detected and analyzed, and messenger 
ribonucleic acid (mRNA) and protein expression levels 
of APOBEC3G in liver tissues were detected via reverse 
transcription-polymerase chain reaction (RT-PCR), western 
blotting and immunohistochemistry, followed by correlation 
analysis. Certain liver function indexes had significant differ-
ences among the three groups of patients (P<0.05). Results 
of RT-PCR, Western blotting and immunohistochemistry 
confirmed that the content of APOBEC3G in liver tissues 
was the highest in patients with chronic hepatitis B, slightly 
lower in patients with liver cirrhosis and the lowest in patients 
with liver cancer. The content of APOBEC3G mRNA in liver 
tissues had a certain correlation with the content of alanine 
aminotransferase (ALT) (r2=0.34, P<0.05). Other liver func-
tion indexes had no significant correlations with APOBEC3G 
(P>0.05). APOBEC3G expression has a certain correlation 
with some liver function indexes of patients with chronic 
hepatitis B. There are significant differences in the expression 
level of APOBEC3G in patients with hepatitis, liver cirrhosis 
and liver cancer.

Introduction

Hepatitis B virus (HBV) is one of the common infectious 
diseases, and the liver is the most important organ infected 
with HBV. Currently, there are approximately 240 million 
infected people and carriers of HBV in the world, and about 
620,000 deaths due to HBV-related liver cirrhosis or hepato-
cellular carcinoma (HCC) every year (1).

APOBEC3 is a component of innate immunity playing 
an important role in resisting viral invasion, including HBV 
and human immunodeficiency virus (HIV). In the human 
body, APOBEC3 contains 7 kinds of proteins, namely 
APOBEC-3A, -3B, -3C, -3DE, -3F, -3G and -3H (2). There 
is one or two catalytic structural domains with the cytosine 
deaminase activity in APOBEC3, which can convert cytosine 
into uracil in deoxyribonucleic acid (DNA) (3,4). APOBEC3, 
and especially APOBEC3G, inhibit HBV through the hyper-
degeneration-dependent and hyper-degeneration-independent 
mechanisms (5,6). APOBEC3G is expressed widely in human 
tissues, and its messenger ribonucleic acid (mRNA) level has 
a close correlation with the content of lymphocytes (7). As 
one of the most active deaminases, APOBEC3G is able to 
strongly inhibit the replication and editing of HBV DNA in 
the body (8-12).

APOBEC3G has extremely low content in normal liver 
tissues, but it can exert an effect of resisting HBV infection in 
the body. In this study, the correlation between APOBEC3G 
expression level and liver function was investigated, and the 
influence and antiviral function on the liver was evaluated, 
followed by further analysis.

Patients and methods

Sample data. A total of 58 patients carrying HBV admitted 
in Weihai Central Hospital were selected, including 34 males 
and 24 females aged 45-65 years. After admission, the blood 
biochemical and blood routine examinations were performed, 
and other hepatitis virus infections were excluded. There were 
20 cases clinically diagnosed with chronic hepatitis B, 19 cases 
with liver cirrhosis and 19 cases with liver cancer. Partial 
liver tissues were obtained from all patients for subsequent 
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studies. The data of patients are shown in Table I, and there 
were no significant differences among groups. The study was 
approved by the Ethics Committee of Weihai Central Hospital 
and informed consents were signed by the patients and/or 
guardians.

RNA extraction and real-time quantitative polymerase chain 
reaction (qPCR). RNA was extracted from the peripheral 
blood mononuclear cells (PBMCs) in the blood or liver 
tissues, and then reversely transcribed into cDNA. 
APOBEC3G expression level was detected on a real-time 
qPCR instrument (Applied Biosystems). Expression of 
APOBEC3G was quantified with β-actin as an internal 
control. Expression levels of APOBEC3G and β-actin were 
detected using the following primers: APOBEC3G: 
5'-CGGAATTCAAGCCTCACTTCAGAAACAC-3' and 
5'-CGAAGCTTTCTGCCTTCCTTAGAGACTG-3', β-actin: 
5'-GGACTTCGAGCAAGAGATGG-3' and 5'-AGCACT 
GTGTTGGCGTACAG-3'. The expression level was calculated 
using 2-∆∆Ct method.

Western blotting. The protein was extracted from PBMCs in 
the blood or liver tissues (Beyotime), and the protein concen-
tration was detected using the protein assay kit (Shanghai 
Sangon). The protein sample obtained was used for western 
blotting. Anti-APOBEC3G monoclonal primary antibody 
(Cell Signaling Technology) was used in this study, and β-actin 
was the internal control.

Immunohistochemical staining. The rabbit anti-human 
APOBEC3G polyclonal antibody was purchased from Abcam. 
Experiments were performed strictly according to instructions 
of the kit (Beyotime). The color development reaction was 
examined under an optical microscope.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 10.0 software was used for statistical processing. The 
correlations among variables were analyzed using Pearson's 
correlation coefficient (r). Data are presented as mean ± stan-
dard deviation (SD). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparisons of liver function indexes among groups. Liver 
function indexes in the serum in 58 patients in hepatitis B 
group, liver cirrhosis group and liver cancer group were 
detected. Results revealed that alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline phospha-
tase (ALP), γ-glutamyl transpeptidase (GGT) and total protein 
(TP) had significant differences between hepatitis B group and 
liver cancer group (P<0.05). AST and GGT had significant 
differences between hepatitis  B group and liver cirrhosis 
group (P<0.05). There were also significant differences in 
AST and TP between liver cirrhosis group and liver cancer 
group (P<0.05). The remaining indexes were not significantly 
different among the three groups (Table II).

Table I. Specific data of patients.

			   Minimum age	 Maximum age	 Average age
Group 	 n	 Male/Female	 (years)	 (years)	 (years)

Chronic hepatitis B	 20	 11/9	 45	 63	 60
Liver cirrhosis	 19	 11/8	 47	 65	 57
Liver cancer	 19	 12/7	 47	 62	 57

Table II. Comparisons of liver function indexes among groups.

	 Group
	 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Item	 Chronic hepatitis B group	 Liver cirrhosis group	 Liver cancer group

ALT (U/l)	 59.8±7.3	 73.5±10.2	 88.6±9.2a

AST (U/l)	 35.6±8.8	 47.5±9.3a	 73.7±12.1a,b

ALP (U/l)	 87.3±16.4	 125.6±21.3	 128.7±19.6a

GGT (U/l)	 24.8±4.43	 35.7±6.5a	 48.9±7.4a

TP (g/l)	 65.1±13.7	 62.5±12.6	 53.1±14.7a,b

ALB (g/l)	 42.8±10.4	 35.6±8.9	 32.1±8.5
T-BIL (µmol/l)	 23.3±6.5	 28.9±9.1	 29.2±4.3
D-NIL (µmol/l)	 4.5±1.2	 5.8±1.4	 6.1±2.3

aThere is a significant difference compared with that in chronic hepatitis B group (P<0.05), and bthere is a significant difference compared 
with that in liver cirrhosis group (P<0.05). ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, 
γ-glutamyl transpeptidase; TP, total protein.
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Detection of APOBEC3G expression in liver tissues via 
Western blotting and RT-PCR. The expression level of 
APOBEC3G protein in liver tissues was (0.44±0.23) in patients 
with hepatitis B, (0.30±0.17) in patients with liver cirrhosis 
and (0.20±0.12) in patients with liver cancer, respectively, 
displaying significant differences among groups (P<0.05) 
(Fig. 1A and B). The expression levels of APOBEC3G mRNA 
in the three groups were 2.32±0.46, 1.65±0.51 and 1.21±0.37, 
respectively, also showing significant differences among 
groups (P<0.05) (Fig. 1C).

Immunohistochemical detection of APOBEC3G expression 
in liver tissues of each group. APOBEC3G was expressed in 
liver tissues in all the three groups. The highest expression of 
APOBEC3G accounted for approximately 50% in liver tissues 
of patients with chronic hepatitis B and only 15% in liver 
cancer group, and there was a significant difference between 
the two groups (P<0.05) (Table III and Fig. 2).

Correlation between APOBEC3G expression and ALT 
in patients with chronic hepatitis B. The ALT level was 
higher than normal in all patients, and there was a moderate 
correlation between APOBEC3G mRNA expression level 
and ALT content in liver tissues (r2=0.34, P<0.05) (Fig. 3A). 
There was no remarkable correlation between APOBEC3G 
protein expression and ALT content in liver tissues (P>0.05) 
(Fig. 3B). No significant correlation was found between other 
liver function indexes and APOBEC3G expression level 
(P>0.05).

Discussion

HBV mainly infects liver cells, and its proliferation and 
replication in cells will cause damage to liver cells and lead 
to persistent hyperplasia of liver cells, resulting in fibrosis 
and even carcinogenesis. APOBEC3G, as a component of 
innate immunity in the human body, has an antiviral effect, 
which can inhibit HBV proliferation and growth in vivo and 
in vitro (13-15). Virus removal and pathogenesis of HBV 
infection have close correlations with the unique interac-
tion between virus and infected host (16,17). According to 
studies, the risk of liver cirrhosis and HCC is extremely high 
for patients with a higher degree of viral replication (18).

Recently, studies have tried to clarify the influences of 
APOBEC3 on HBV replication, core particle association and 
HBV DNA editing in vitro (9,11,19). Cytidine deaminase in 
the production of protein diversity and immunity can remove 
the pathogenic and non-pathogenic exogenous DNA  (20). 
According to the study of Stenglein et al, APOBEC3, a member 
of the cytidine deaminase family, can restrict the exogenous 
DNA in human cells (20). APOBEC3G is a member of the 
APOBEC3 family, which, as a component of innate immune 
response, can inhibit the proliferation of DNA viruses, such 
as HBV (21,22). Moreover, some studies have demonstrated 
that APOBEC3G induces C-T hyper-mutation in the newly-
synthesized HBV genomic chain, resulting in the removal 
of hepatitis  B e-antigen and decline in HBV DNA. The 
mode of action of APOBEC3G appears to be inclusion into 
HBV particles through direct binding to the hepatitis B core 

Figure 1. Comparison of APOBEC3G expression in liver tissues in patients with chronic hepatitis B, liver cirrhosis or liver cancer. (A) Detection of APOBEC3G 
expression in liver tissues via western blotting. (B) APOBEC3G protein expression in patients with chronic hepatitis B, liver cirrhosis and liver cancer. (C) 
APOBEC3G mRNA expression in patients with chronic hepatitis B, liver cirrhosis and liver cancer (*P<0.05, &P<0.01). mRNA, messenger ribonucleic acid.
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protein (23). In addition, there are reports that interferon (IFN) 
can act on retrovirus and HBV non-specifically and effectively 
induce the production of APOBEC3G18-21 in lymphocytes 
and hepatocytes, indicating that IFN-α and IFN-γ increase the 

transcription of APOBEC3G mRNA in human liver cell lines 
and induce high variation of HBV genome (24).

The detection of liver function indexes of patients in the 
three groups revealed that there were significant differences 

Figure 2. Immunohistochemical detection of APOBEC3G expression in liver tissues. (A) hepatitis, (B) liver cirrhosis, (C) liver cancer.

Figure 3. Correlation between APOBEC3G and ALT in patients with chronic hepatitis B. (A) Correlation between APOBEC3G mRNA and ALT in liver 
tissues. (B) Correlation between APOBEC3G protein and ALT in liver tissues. ALT, alanine aminotransferase; mRNA, messenger ribonucleic acid.
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in some liver function indexes between any two groups, but 
no obvious rules were found in indexes with significant differ-
ences between two groups in our analysis.

Considering the interaction between APOBEC3G 
and HBV, in this study, albumin was selected as an index 
reflecting the protein anabolic function of hepatocytes, ALT 
and AST were selected as indexes reflecting whether there 
was damage to hepatocytes and its severity, and total bilirubin 
was selected as an index displaying liver-gallbladder excre-
tion, secretion and detoxification, and the correlation with 
APOBEC3G in liver tissues was analyzed, so as to investi-
gate the correlation between liver function and APOBEC3G 
in patients with chronic hepatitis B. Results manifested that 
the APOBEC3G mRNA level had a certain correlation with 
ALT content in liver tissues (r2=0.34, P<0.05), but other liver 
function indexes involved in this study had no remarkable 
correlations with APOBEC3G (P>0.05). According to results 
of this study, some liver function indexes had a certain corre-
lation with APOBEC3G, but most indexes had no correlation. 
APOBEC3G, as a component of innate immune response, 
can inhibit HBV proliferation without direct influence on the 
liver function, but the interaction between APOBEC3G and 
liver function remains to be further studied.

APOBEC3G content in patients with chronic hepatitis B, 
liver cirrhosis and liver cancer was analyzed in this study. 
Results revealed that the content of APOBEC3G in liver 
tissues was the highest in patients with chronic hepatitis B, 
slightly lower in patients with liver cirrhosis and the lowest 
in patients with liver cancer, indicating that the expression 
level of APOBEC3G may partially display the damage 
degree of the liver. It was further confirmed via immuno-
histochemistry that APOBEC3G was expressed in liver 
tissues in all the three groups. The expression intensity of 
APOBEC3G was the strongest in liver tissues of patients 
in chronic hepatitis B group, accounting for the highest 
proportion, while it was slightly weaker in liver cirrhosis 
group and the weakest in liver cancer group, accounting for 
the lowest proportion.

This study suggests that APOBEC3G expression has a 
certain correlation with some of the liver function indexes of 
patients with chronic hepatitis B. There are significant differ-
ences in the expression level of APOBEC3G in patients with 
hepatitis, liver cirrhosis and liver cancer. Larger sample size is 
required for a confirmational study to evaluate the correlation 
of APOBEC3G with liver function indexes of patients with 
chronic hepatitis B.
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