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Abstract
Background: Serum osteopontin (OPN) concentrations 
were found to be significantly increased in patients infected 
with hepatitis B virus (HBV) and patients with hepatocellular 
carcinoma (HCC). Objective: The aim of this study was to de-
termine the association among HCC, OPN, and HBV. Meth-
ods: Two hundred and forty-one subjects were recruited and 
divided into 6 groups: healthy controls, asymptomatic HB-
sAg carriers, HBsAg (−) patients with other tumors, HBsAg (+) 
chronic liver disease patients, HBsAg (+) patients with HCC, 
and HBsAg (−) patients with HCC or liver cirrhosis (LC). Serum 
concentrations of OPN and HBsAg were measured and ana-
lyzed. Results: OPN concentrations in the HBsAg (+) HCC 
group were significantly higher than the healthy control 
group and the HBsAg (−) patients with other cancers (both 
p = 0.0001). The OPN concentrations of the HBsAg (−) pa-
tients with HCC or LC also did not differ significantly from 
those of the healthy control group (p = 0.075). There is a cor-
relation between the titer of HBsAg and concentrations of 
OPN in all 3 HBsAg (+) groups (all p values <0.05). Conclu-
sions: Infection with HBV may increase the serum concentra-

tions of OPN. The association of OPN and HCC may be not 
attributable to tumor development per se but, rather, to HBV 
infection. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Liver cancer is one of the most common cancers world-
wide, being the fifth most common cancer in men world-
wide and the seventh in women. Hepatocellular carcino-
ma (HCC) is the most common form of liver cancer, but 
there is a wide geographic variability in HCC incidence. 
More than 80% of cases occur in either sub-Saharan Af-
rica or in Eastern Asia, with 1 country alone, China, ac-
counting for over 50% of cases [1, 2]. Guangxi ranks 
fourth among 27 provinces in China in terms of HCC 
mortality [3]. Persistent hepatitis B virus (HBV) infection 
can cause acute and chronic liver diseases and is strongly 
associated with the development of cirrhosis and HCC 
[4].

The secreted phosphoprotein, osteopontin (OPN), 
was first described in 1979 as a protein associated with the 
transformation of epithelial cells [5]. This 300-amino acid 
protein is encoded by the human gene SPP1 [6] and its 
murine counterpart Spp1 [7] and is rich in aspartic acid 
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residues. It has acidic characteristics and O-linked and 
N-linked oligosaccharides [8]. The biological functions of 
OPN are diverse, and it plays important roles in inflam-
mation, cellular viability, and cancer, as well as cardiovas-
cular diseases, diabetes, biomineralization, and renal 
stone disease, through various mechanisms [9].

The involvement of OPN in the liver was first reported 
in rats after carbon tetrachloride intoxication. OPN was 
found in Kupffer cells, hepatic macrophages, and hepatic 
stellate cells in the necrotic areas and was shown to con-
tribute to the infiltration of macrophages into these areas 
[10]. Further studies revealed that OPN exacerbates the 
progression of liver diseases under various pathological 
conditions by interacting with αv integrin, CD44, vimen-
tin, and MyD88 [11]. OPN may be an independent risk 
factor associated with acute-on-chronic liver failure due 
to HBV [12]. Serum OPN concentrations have been re-
ported to be significantly higher in HCC patients than a 
comparison group [13], although other studies found 
that plasma OPN concentrations did not differ signifi-
cantly between cirrhotic patients with and without HCC 
[14, 15].

Several studies concluded that the serum concentra-
tions of OPN may increase after infection with pathogens, 
including Leishmania amazonensis, schistosomes, viru-
lent mycobacterium bovis BCG, and dengue virus [16–
19]. Infection with hepatitis C virus (HCV) may also in-
crease the serum concentration of OPN [20]. However, it 
is unclear whether infection with HBV increases the se-
rum concentration of OPN. Here, we carried out a case-
control study to determine the association of HBV infec-
tion with the concentrations of OPN. We also determined 
whether OPN might be useful as a biomarker to predict 
HCC in Guangxi, southern China.

Materials and Methods

Study Subjects and Sample Design
The study subjects comprised 6 groups: healthy controls (50 

subjects), asymptomatic HBsAg carriers (62 subjects), HBsAg (−) 
patients with other tumors (39 subjects who suffered from lung 
cancer, kidney cancer, etc.), HBsAg (+) chronic liver disease pa-
tients (28 subjects), HCC patients with HBsAg (+) (50 subjects), 
and HBsAg (−) patients with HCC or liver cirrhosis (LC) (12 sub-
jects). The healthy control and asymptomatic HBsAg carrier 
groups were recruited from LongAn county, Guangxi. The lat- 
ter were recruited from our LongAn cohort, with sequence in-
formation available regarding HBV basal core promoter (BCP) 
mutations [21]. The HBsAg (−) patients with other tumors and 
HBsAg (+) chronic liver disease patients, including chronic hepa-
titis B (CHB) and LC, were recruited from the First Affiliated Hos-
pital of Guangxi Medical University. The HCC patients with 

 HBsAg (+) and HBsAg (−) patients with HCC or LC were recruit-
ed from First Affiliated Hospital of Guangxi Medical University 
and LongAn county hospital. None of the study subjects with the 
HBsAg (+) received antiviral therapy before sampling. Each study 
subject provided a 5-mL sample of blood by venepuncture for the 
subsequent analysis.

The diagnosis of HCC was made, as described previously [21], 
by 1 or more of the following: (a) surgical biopsy; (b) elevated se-
rum alpha-fetoprotein (AFP) (levels ≥400 ng/mL), excluding preg-
nancy, genital cancer, and other liver diseases, including metasta-
sis of tumors from other organs, plus clinical symptoms or 1 image 
(ultrasound [US] or computed tomography [CT]); (c) elevated se-
rum AFP (levels <400 ng/mL), excluding pregnancy, genital can-
cer, and other liver diseases including metastasis of tumors from 
other organs, plus 2 images (US and CT) or 1 image (US or CT) 
and 2 positive HCC markers such as DCP, GGT II, AFU, and 
CA19–9.

LC was diagnosed clinically according to the features of esoph-
ageal varices, ascites, and hepatic encephalopathy. The diagnosis 
was confirmed by abdominal imaging (coarse parenchyma with 
enlargement or shrinkage of the liver; splenomegaly; ascites found 
by US, CT, or magnetic resonance imaging) or surgical findings 
(laparoscopy and autopsy), combined with indicative laboratory 
test results (low platelet count and albumin, the high level of serum 
bilirubin, and/or prolonged prothrombin time) [22].

The diagnostic criteria for CHB include a history of hepatitis B 
or positivity for HBsAg for at least 6 months and the continuing 
presence of HBsAg and/or HBV DNA in the serum. The diagnosis 
of HBV infection is based on serologic markers, virological mark-
ers, liver function tests, and biochemical assays, as well as other 
clinical and supportive findings. Exclusion criteria were coinfec-
tion with hepatitis C virus, hepatitis D virus, or human immuno-
deficiency virus [22]. Asymptomatic HBsAg carriers are defined as 
those who were positive for HBsAg for at least 6 months and clin-
ical symptoms and with normal liver function.

Serological Testing
Sera were tested for the markers of HBV infection and the con-

centrations of serum AFP, using enzyme immunoassays (Beijing 
Wantai Biopham Company Limited, Beijing, China). Alanine ami-
notransferase (ALT) levels were determined using a Reitman kit 
(DiaSys Diagnostic Systems [Shanghai], Shanghai, China).

Measurement of Serum OPN Concentrations
OPN concentrations were measured using an ELISA kit (HeP-

eng Biological Company Limited, Shanghai, China) according to 
the manufacturer’s protocol. The kit standards were used for con-
struction of standard curves. The sensitivity of this assay is 1.0 ng/
mL.

Measurement of Serum HBsAg Titers
Serum HBsAg titers were measured using a commercial chemi-

luminescent microparticle immunoassay on the ARCHITECT 
i2000SR platform, with Abbott Architect HBsAg reagents (Abbott 
Ireland Diagnostics Division, Finisklin Business Park, Sligo, Ire-
land) and with a dynamic range of 0.05–250 IU/mL. In cases where 
the HBsAg titers were >250 IU/mL, serial 1:500 dilutions were per-
formed according to the manufacturer’s instructions to bring them 
into the range of the calibration curve. The lower limit of detection 
of this assay is 0.05 IU/mL.
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Measurement of Serum Viral Loads
Serum HBV DNA concentrations were quantified by real-time 

PCR using commercial reagents (Sansure Biotech Inc [Hunan, 
China]) in an ABI Prism 7500 sequence detection system (Applied 
Biosystems, Foster City, CA, California, USA), with a dynamic 
range of 1 × 102–5 × 109 IU/mL.

Statistical Analysis
The data are presented as median (range). The medians were 

compared between groups using the Mann-Whitney test. Simple 
and multiple linear regression analyses were performed to identify 
independent factors correlated with serum OPN concentrations. 
A logarithmic transformation was applied to all viral load and 
 HBsAg measurements, prior to the regression analysis, to achieve 
an approximately normal distribution. All p values were 2-tailed 
and p < 0.05 was considered to be significant. All statistical analy-
ses were performed using the SPSS software (ver.16.0; Chicago, IL, 
USA).

Results

General Information
There are 241 study subjects, 166 males and 75 fe-

males. The average age was 47.3 ± 10.5 years old. The 
mean concentration of serum OPN was 2,368.5 ng/mL 
(range: 16.2–9,341.7). The study subjects were divided 
into 6 groups: healthy controls, HBsAg (−) patients with 
other cancers, HBsAg (−) patients with HCC or LC, as-
ymptomatic HBsAg carriers, HBsAg (+) chronic liver dis-
ease patients, and HBsAg (+) HCC patients (Table  1; 
Fig. 1).

The Association of the Serum Concentrations of OPN 
with the Development of HCC
When the median concentrations of serum OPN 

among all HCC patients were compared with those of the 
healthy control group using the Mann-Whitney test, HB-
sAg (−) patients with other cancers, asymptomatic HB-
sAg carriers, and HBsAg (+) chronic liver disease pa-
tients, the p values were 0.0001, 0.0001, 0.049, and 0.454, 
respectively. The median concentration of serum OPN in 
the LC group (17 subjects) was also compared with that 
of the healthy control group and the p value is 0.0001. 
These results suggest that the concentrations of serum 
OPN are associated with the development of LC and 
HCC.

We carried out a stratified analysis of the presence of 
HBsAg in patients with LC or HCC. After grouping to-
gether, the HBsAg (−) patients with HCC and with chron-
ic liver disease to form an independent group, named the 
HBsAg (−) patients with HCC or LC group (Table  1),  
we compared the concentrations of serum OPN in the Ta
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HBsAg (+) HCC patient group with the 4 groups above; 
the p values are 0.0001, 0.0001, 0.360, and 0.588, respec-
tively. The median concentration of serum OPN in the 
HBsAg (+) LC group (13 subjects) was also compared 
with that of the healthy control group. The p value is 
0.0001 and, clearly, the analysis yielded similar results to 
those above.

However, the median concentration of serum OPN of 
the HBsAg (−) patients with HCC or LC was compared 
with that of the healthy control group. It is notable that 
the difference is not significant (p = 0.075), suggesting 
that the association between OPN and HCC may not be 
attributable to HCC per se but, rather, to infection by 
HBV.

The Association of Viral Factors with the Serum 
Concentrations of OPN
In order to determine which viral factors are associ-

ated with the serum concentrations of OPN, we deter-
mined the association between viral loads and OPN for 

the asymptomatic HBsAg carrier group, HBsAg (+) 
chronic liver disease patients’ group, HBsAg (+) HCC pa-
tients’ group and all of the 3 groups together, using simple 
linear regression analysis. The p values are 0.439, 0.631, 
and 0.217, respectively (Fig. 2a–c), suggesting that viral 
loads are not associated with serum concentrations of 
OPN.

The serum concentrations of OPN also were com-
pared between asymptomatic HBsAg carriers with BCP 
wild type (N = 38) and double mutations (1762T, 1764A) 
(N = 24), in the HBV genome, using the Mann-Whitney 
test. The difference is not significant (Z = −0.123, p = 
0.902), suggesting that the double mutations are not as-
sociated with serum concentrations of OPN.

We determined the association of the serum titer of 
HBsAg and serum concentrations of OPN for the asymp-
tomatic HBsAg carrier group using simple linear regres-
sion analysis. We found that there is a correlation be-
tween the serum titer of HBsAg and serum concentra-
tions of OPN (p = 0.028), suggesting that the serum titer 
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of HBsAg can predict the serum concentrations of OPN. 
We also analyzed the HBsAg (+) chronic liver disease pa-
tients’ group and HBsAg (+) HCC patients’ group. We 
found that the p values are 0.005 and 0.001, respectively 
(Fig. 3a–c). Clearly, the results from each group indicate 
that the serum titer of HBsAg can predict the serum con-
centrations of OPN.

Factors Associated with the Serum Concentrations of 
OPN
Multivariate linear regression analysis was carried out 

to identify factors associated with the serum concentra-

tions of OPN. The independent variables included sex, 
age, hepatitis B viral loads, HBsAg, HBeAg, ALT, and 
AFP. The results indicate that the serum titer of HBsAg is 
the only variable independently associated with the se-
rum concentration of OPN (Table 2).

Discussion

To our knowledge, this is the first study to show that 
infection with HBV may increase the serum concentra-
tions of OPN. Serum titers of HBsAg are independently 
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associated with the serum concentrations of OPN and can 
predict those concentrations. Sex, age, viral loads, viral 
gene mutations, HBeAg, ALT, and AFP are not associated 
with serum OPN concentrations. Therefore, the associa-
tion between OPN and HCC may not be attributable to 
HCC but to infection by HBV. OPN can be used as bio-
marker to predict HCC only in individuals with HBV in-
fection. A strength of this study is the finding that the 
serum titer of HBsAg is an independent variable that pre-
dicts the serum concentration of OPN, and this was con-
firmed in all groups of samples. A weakness is that the 

sample sizes of HBsAg (+) patients with LC and HBsAg 
(−) patients with HCC or LC are not sufficient for strati-
fication analysis, such as analysis according to HCC or 
LC, to provide a strong conclusion.

Since the association of OPN with the liver was first 
reported in 1999 [5], an increasing number of studies 
have suggested that OPN is associated with liver diseases 
[11]. It has been reported that an elevated plasma OPN 
concentration is predictive of cirrhosis in patients with 
HBV infection [23]. It also has been reported that OPN 
may serve as a novel marker for early HCC [24]. A com-
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bination of OPN and AFP was better than OPN or AFP 
alone for the diagnosis of HCC [25]. However, these con-
clusions were not supported by others [14, 15]. Here, we 
show that OPN can be used as a biomarker to predict LC 
or HCC, or diagnose HCC or predict prognostic of HCC, 
only in individuals with HBV infection. However, our 
findings require confirmation because the numbers of 
HBsAg (+) patients with LC and HBsAg (−) patients with 
HCC or LC are small.

OPN concentrations were found to be significantly in-
creased in patients with CHB [26]. However, it is unclear, 
which viral factor is associated with serum concentration 
of OPN. Our study is the first to show that the serum titer 
of HBsAg can be used to predict serum concentrations of 
OPN.

Cell-mediated immunity is necessary for immune pro-
tection against most intracellular pathogens and OPN may 
play an important role in the development of cell-mediated 
immunity. OPN is expressed in T cells early in the course 
of bacterial infections (within 48 h) and the interaction of 
the protein with macrophages can induce inflammatory re-
sponses [27, 28]. L. amazonensis parasites also stimulate 
OPN gene expression [16]. Therefore, it may be postulated 
that HBV also stimulates OPN gene expression, resulting in 
the increase of serum concentrations of OPN.

OPN has an important protective role in enhancing 
the immune response in the face of various infections 
[28]. It has been reported that OPN could enhance the 
maturation and functioning of dendritic cells in the im-
mune response to HBV antigens [29]. Therefore, our 
findings that serum titer of HBsAg are associated with 
serum concentrations of OPN may provide 1 more clue 
to elucidate the mechanisms of HBV oncogenesis. The 

association between OPN and cirrhosis and HCC is only 
apparent in patients infected with HBV.

OPN may increase the rate of virus replication and as-
sembly [19, 30]. Serum HBV DNA quantified by real-
time fluorescent quantitative PCR is a key factor for de-
termining the level of viral replication in the various 
phases of HBV infection [31]. But, in this study, viral load 
was not found to be associated with the concentrations of 
serum OPN, a finding is consistent with other studies 
[16].

The basal core promoter (BCP) double mutations 
(1762T, 1764A) in the HBV genome reduce the synthesis 
of HBeAg [32], which is associated with inflammation 
[33]. OPN plays an important role in inflammation [9]. 
However, in this study, neither BCP double mutations 
nor HBeAg correlated with the concentrations of serum 
OPN.

AFP is a glycoprotein, a member of the albuminoid 
gene family. It is produced in early pregnancy by the fetal 
liver and yolk sac [34] and undergoes an almost complete 
reduction of expression to become virtually undetectable 
in the serum a few weeks after birth. However, its expres-
sion may increase again in HCC [35]. AFP has been used 
as a serum marker for HCC in humans over the past sev-
eral decades [36]. However, we found in this study that 
AFP was not associated with OPN.

It is unclear how HBV infection increases the concen-
trations of serum OPN. OPN may increase virus replica-
tion and assembly [19, 30], but why is the hepatitis B viral 
load not found to be associated with the concentrations 
of serum OPN? The HBV genotype may affect the OPN 
serum concentration but we did not investigate the effect 
of genotype in this study. Furthermore, our findings are 

Table 2. Multivariate linear regression of factors associated with serum concentrations of OPN

Variables Unstandardized coefficients Standardized 
coefficients

t Sig 95% CI for B

B SE β lower bond upper bond

Gender 287.610 578.354 0.053 0.497 0.621 −865.882 1,441.101
Ages −3.112 20.913 −0.017 −0.149 0.882 −44.823 38.598
Viral loads −51.526 140.294 −0.041 −0.367 0.715 −331.334 228.282
HBsAg 766.948 208.523 0.450 3.678 0.0001 351.063 1,182.834
HBeAg 843.667 581.184 0.169 1.452 0.151 −315.468 2,002.801
AFP 0.000 0.009 −0.005 −0.043 0.966 −0.019 0.018
ALT 0.794 1.253 0.071 0.634 0.528 −1.705 3.293

OPN, osteopontin; AFP, alpha-fetoprotein; ALT, alanine aminotransferase.
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from a specific region in Guangxi, China, and it is un-
clear, whether it can be replicated elsewhere. All of these 
questions need to be addressed.
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