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Abstract. Golgi Protein 73 (GP73) is a newly identified diag-
nostic and prognostic marker for liver cancer. GP73 is highly 
expressed in liver cancer tissues, however, the mechanism of 
its overexpression in tumors remains unknown. In the present 
study, the effect of hepatitis B virus (HBV) on GP73 expression 
was investigated in HepG2 cells, which are negative for HBV, 
and in HepG2.2.12 cells, which are integrated with HBV, using 
reverse transcription-quantitative polymerase chain reaction and 
western blot analysis. In addition, the cells were transfected with 
plasmid constructs overexpressing hepatitis B virus protein X 
(HBx), hypoxia-inducible factor (HIF)-1α, or HIF-2α in order to 
examine their roles in GP73 expression. The results demonstrated 
that HBV upregulated the expression of GP73 and HIF-2α in liver 
cancer cells. HIF-2α induced the expression of GP73 in HepG2 
cells and was positively correlated with GP73 expression in liver 
cancer tissues. By contrast, HBx and HIF-1α did not induce GP73 

expression in liver cancer cells. In summary, HBV may upregu-
late the expression of GP73 by activating the HIF-2α signaling 
pathway. The present results may illuminate the mechanism by 
which GP73 is overexpressed in liver cancer tissues.

Introduction

In recent years, the rapid development of genetic technologies, 
proteomics, and tumor immunology has identified several new 
biomarkers for liver cancer (1). Golgi protein 73 (GP73) is one 
of the most promising serum markers for liver cancer diagnosis. 
GP73, also named Golgi phosphoprotein 2 (GOLPH2) and 
Golgi membrane protein 1 (GOLM1), is termed GP73 due to its 
molecular mass of 73 kDa in SDS-PAGE (2,3). It is a transmem-
brane protein in the Golgi apparatus and highly expressed in 
liver cancer tissues and patient serum. It has been predicted that 
GP73 may become a marker for early diagnosis of liver cancer 
with sensitivity superior to α-fetoprotein (AFP) (4,5).

Currently, the mechanism underlying high GP73 expres-
sion in liver cancer tissues remains unclear. Kladney et al (6) 
demonstrated that GP73 protein expression in liver cancer 
cells was significantly elevated during hepatitis B virus (HBV) 
replication, indicating that HBV replication may activate GP73 
protein expression. Currently, the mechanism of HBV-induced 
GP73 protein overexpression is not clear. Because hepatitis B 
virus protein X (HBx), hypoxia-inducible factor (HIF)-1α and 
HIF-2α are important factors promoting liver cancer occurrence 
and development, it was postulated that upregulation of GP73 
expression may be related to these three factors. Therefore, the 
present study investigated the role of HBx, HIF-1α and HIF-2α 
in inducing GP73 expression in liver cancer tissues.

Materials and methods

Clinicopathological patient data. All human studies were 
approved by the Human Ethics Committee of the Center 
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Hospital of Huanggang (Huanggang, China). All hepatocel-
lular carcinoma (HCC) patients included in the present study 
tested negative for hepatitis C virus and human immunodefi-
ciency virus. All tissue samples were collected from patients 
prior to medical treatment. HBV-positive HCC tissues and 
their paired peritumoral tissues (n=52), and HBV-negative 
HCC tissues (n=10) were sectioned for immunohistochemical 
analysis. Tissues were collected from the Center Hospital 
of Huanggang (Huanggang, China) between June 2008 and 
June 2011. Peritumoral tissues were obtained at least 2 cm 
away from the primary tumor site. Clinical data and tumor 
characteristics are presented in Table I.

Reagents and cell lines. Mouse anti-human GP73 mono-
clonal antibodies (sc-365817), mouse anti-human HIF-1α 
monoclonal antibodies (cat. no. sc-53546), mouse anti-human 
HIF-2α monoclonal antibodies (cat. no. s-13596), and mouse 
monoclonal antibodies raised against baculovirus-expressed 
recombinant HepBx (cat. no. sc-57760) were purchased from 
Santa Cruz Biotechnology, Inc., (Dallas, TX, USA). The 
human hepatoblastoma cell line HepG2 was purchased from 
American Type Culture Collection (Manassas, VA, USA). 
HepG2.2.15 cell line was kindly provided by Professor 
Yinping Lu (Department of Infectious Disease, Union 
Hospital, Tongji Medical College, Huazhong University 
of Science and Technology). Cells were grown in 6-well 
plates with Dulbecco's modified Eagle's medium (DMEM; 
GE Healthcare Life Sciences, Logan, UT, USA) containing 
10% fetal bovine serum (FBS), 2 mmol/l L-glutamine 
(all GE Healthcare Life Sciences) at 37˚C in 5% CO2. 
HIF-1α-overexpressing plasmid, HIF-2α-overexpressing 
plasmid, and the corresponding control plasmid (pcDNA3.1), 
as well as HBx-overexpression plasmid and its control 
plasmid (pEGFP-N1) were purchased from Shanghai 
GeneChem Co., Ltd. (Shanghai, China). HIF-2α small 
interfering (si)RNA (cat. no. sc-35316) and negative control 
siRNA (cat. no. sc-37007) were purchased from Santa Cruz 
Biotechnology, Inc.

HepG2 cells at 60‑70% confluence were transfected with 
2.0 µg plasmids or 100 pmol siRNA using Lipofectamine® 

2000 (Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
according to the manufacturer's protocol. Transfected cells 
were incubated at 37˚C for 6 h, and were then cultured for a 
further 16 h with fresh DMEM medium containing 10% FBS 
(all GE Healthcare Life Sciences).

Immunohistochemistry. Immunohistochemical analysis was 
performed as previously described (7,8). The levels of GP73 
protein were scored according to the number of cells exhib-
iting cytoplasmic staining using the classification system 
published by Sai et al (8). Cytoplasmic staining in <25% of 
tumor cells was considered low expression, while staining in 
>25% of tumor cells was considered high expression (8). The 
levels of HIF-2α protein were scored according to the number 
of cells exhibiting cytoplasmic and nuclear staining using the 
classification system published by Yang et al (7). Nuclear or 
cytoplasmic staining in <50% of tumor cells was considered 
low expression, while staining in >50% of tumor cells was 
considered high expression (7). Liver fibrosis was scored on a 
0-4 scale according to the METAVIR scoring system (9).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) and western blotting. The methods of 
Yang et al (10) were followed for these experiments. TRIzol 
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
was used to isolate total RNA from 150-200 mg of 52 freshly 
frozen HCC tumors and their adjacent liver tissues. RNA 
extraction, cDNA synthesis, qPCR reactions, and western blot-
ting were performed as previously reported (10). The primer 
sequences used in the current study are listed in Table II.

Promoter analysis. The TRANSFAC software (http://www.
gene-regulation.com/pub/programs.html#match) was used to 
identify potential HIF-2α binding sites in the promoter region 
of GP73 by following the software's instructions, and as previ-
ously reported (10).

Statistical analysis. Paired t-test statistical analyses were 
performed using SPSS software (version 20.0; IBM Corp., 
Armonk, NY, USA). Results are expressed as mean ± standard 
deviation of three independent experiments. Linear associa-
tions were evaluated using Spearman's correlation coefficients. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

GP73 is overexpressed in HCC tissues. GP73 was overex-
pressed in HBV-positive HCC tissues, as evidenced by high 
expression of GP73 in 73.1% (38/52) of tumor tissues but 

Table I. Clinicopathological features of 52 patients with hepa-
tocellular carcinoma.

Variable Patients

Mean age (range) 42 (25-67)
Gender 
  Male 45 (86.5%)
  Female   7 (13.5%)
Cirrhosis 
  Presence 31 (59.6%)
  Absence 21 (40.4%)
Tumor size 
  <5 cm 36 (69.2%)
  ≥5 cm 16 (30.8%)
Vascular invasion 
  Presence   6 (11.5%)
  Absence 46 (88.5%)
Tumor number 
  Single 44 (84.6%)
  Multiple   8 (15.4%)
Tumor differentiation 
  Well 11 (21.2%)
  Moderate 28 (53.8%)
  Poor 13 (25.0%)
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only 36.5% (19/52) of peritumoral tissues (Fig. 1A and B). In 
HBV-negative HCC, GP73 was overexpressed in 40.0% (4/10) 
of tumor tissues, which was lower compared with HBV-positive 
HCC tissues (P=0.04; Fig. 1C and D). In peritumoral tissues, 
the GP73 level in patients of F2‑4 groups which with significant 
fibrosis was significantly higher (54.5%; 12/22) compared with 
patients of F0‑1 groups with no/minimal fibrosis (23.3%; 7/30), 
which was consistent with results from previously published 
studies (data not shown) (11). The positive GP73 staining 
was located in the cytoplasm (Fig. 1). In addition, the mRNA 
expression levels of GP73 were also demonstrated to be 
increased in tumor tissues compared with peritumoral normal 
tissues (Fig. 1E). In summary, these results demonstrated 
that both mRNA and protein expression levels of GP73 were 
increased in HBV-positive HCC tissues.

HBV enhances the expression of GP73. To investigate the 
mechanisms that lead to the high expression of GP73 in HCC 
tissues, first the effect of HBV on GP73 expression was exam-
ined because HBV is a common cause of liver cancer. The 
mRNA and protein expression levels of GP73 were compared 
between the HepG2 cells, which are negative for HBV, and the 
HepG2.2.15 cells, which were stably transfected with a complete 
HBV genome. The results demonstrated that GP73 mRNA 
and protein levels were significantly higher in the HepG2.2.15 
cells compared with the HepG2 cells (Fig. 2). Therefore, it was 
hypothesized that HBV may be a positive regulator of GP73.

HIF‑2α is involved in HBV‑induced upregulation of GP73. 
To further investigate the mechanism of HBV-mediated 
upregulation of GP73, the effect of HBx, HIF-1α and HIF-2α 
was examined on GP73 expression. The results demonstrated 
that transfection of HepG2 cells with a HBx-overexpressing 
plasmid reduced the mRNA and protein levels of GP73 
(Fig. 3A), while transfection with a HIF-1α-overexpressing 
plasmid did not alter GP73 mRNA and protein levels (Fig. 3B). 
By contrast, transfection with the HIF-2α-overexpressing 
plasmid increased the levels of GP73 mRNA and protein 
(Fig. 4A). Similarly, GP73 mRNA and protein expression was 
downregulated following HIF-2α siRNA silencing (Fig. 4B). 
Using the TRANSFAC software, two potential HIF-2α binding 
sites were identified in the promoter region of GP73 (Fig. 5). 
HIF-2α may enhance the expression of GP73 through binding 
with the hypoxia response elements (CGTG) in its promoter 
region. Our previous research demonstrated that HBV could 
activate HIF-2α signaling (12). The present results indicate 
that HIF-2α may be involved in HBV-induced upregulation of 
GP73.

HIF‑2α and GP73 expression are positively correlated in 
HCC tissues. Further, the correlation between the expression 
levels of HIF-2α and GP73 was determined in HCC tissues. 
The results demonstrated that HIF-2α mRNA expression was 
positively correlated with GP73 mRNA expression in HCC 
tissues (r=0.427; P<0.001 by Spearman's correlation; Fig. 6). 

Figure 1. Expression of GP73 in HCC tissues. Representative images of GP73 staining in (A) HBV-positive HCC tissues and (B) their matched peritumoral 
tissues. (C) HBV-negative HCC tissues and (D) their matched peritumoral tissues. (E) GP73 mRNA levels in HBV-positive HCC tissues and their matched 
peritumoral tissues. **P<0.01. GP73, Golgi protein 73; HCC, hepatocellular carcinoma; HBV, hepatitis B virus.

Table II. Polymerase chain reaction primers and conditions.

Gene Primer sequence (5'‑3') Temperature (˚C) Product size (bp)

GP73 GTGGCCTGCATCATCGTCTT 60.7 167
 CTGCTTCTCCAGCTCTCCCT  
HIF-1α CATCTCCATCTCCTACCCACA 58.3 105
 CTTTTCCTGCTCTGTTTGGTG  
HIF-2α TCATGCGACTGGCAATCAGC 61.3 141
 GTCACCACGGCAATGAAACC  
HBx CGTCCTTTGTCTACGTCCCG 59.4 408
 AAGTTGCATGGTGCTGGTGA  
β-actin AGTTGCGTTACACCCTTTCTTGAC 63.9 171
 GCTCGCTCCAACCGACTGC  

GP73, Golgi protein 73; HIF, hypoxia inducible factor; HBx, hepatitis B virus protein X.
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These data further indicate that HIF-2α may be a factor that 
contributes to the upregulation of GP73 in liver cancer.

Discussion

In 2000, Kladney et al (13) discovered the Golgi apparatus 
protein GP73 while studying the pathogenesis of human 
giant-cell hepatitis. Subsequent studies demonstrated that 
GP73 expression is closely related to liver diseases. The 

majority of liver cells in normal tissues do not express 
GP73, and only a small number of liver cells express GP73 
at low levels. However, GP73 expression is significantly 
increased in hepatitis and hepatocirrhosis tissues, with the 
highest expression in liver cancer tissues (13). In the present 
study, it was demonstrated that the expression of GP73 in 
liver cancer tissues was significantly higher compared with 
adjacent normal tissues, which is consistent with previous 
reports.

Figure 3. Effect of HBx and HIF-1α on GP73 expression. (A) HepG2 cells were transfected with either empty vector control (pEGFP-N1) or a HBx-overexpressing 
plasmid. HBx overexpression was confirmed by RT‑qPCR, and GP73 levels were examined by RT‑qPCR and western blotting. (B) HepG2 cells were transfected 
with either empty vector control (pcDNA3.1) or a HIF-1α-overexpressing plasmid. HIF-1α overexpression was confirmed by RT‑qPCR, and GP73 levels were 
examined by RT-qPCR and western blotting. β-actin was used as internal control. Results are expressed as the mean ± standard deviation of three independent 
experiments. **P<0.01. HBx, hepatitis B virus protein X; HIF, hypoxia-inducible factor; GP73, Golgi protein 73; RT-qPCR, reverse transcription-quantitative 
polymerase chain reaction.

Figure 2. HBV enhances the expression of GP73. (A) Reverse transcription-quantitative polymerase chain reaction analysis of GP73 mRNA expression levels 
in HepG2 cells and HepG2.2.15 cells. The GP73 expression levels were normalized to β-actin and expressed relative to the HepG2 cells. Results are expressed 
as the mean ± standard deviation of three independent experiments. **P<0.01. (B) Western blot analysis of GP73 protein expression in HepG2 cells and 
HepG2.2.15 cells. HBV, hepatitis B virus; GP73, Golgi protein 73.
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GP73 is an integral membrane protein in the cis Golgi 
capsule. Under pathogenic states, GP73 can be released from 
the cis Golgi capsule and localize to the cytoplasm and cell 
surface (2,6). The 55th amino acid in GP73 can be enzy-
matically digested by proprotein convertases, including furin 
protease, transported through endosomes, and released into 
the extracellular space and the blood stream as sGP73 (2,6). 
It has been discovered that sGP73 is highly expressed in the 
serum from patients with specific types of tumors, including 

liver cancer, cholangiocarcinoma, and lung adenocarcinoma. 
Thus, sGP73 can be regarded as a serum marker for early liver 
cancer diagnosis (2,6).

Currently, a definitive mechanism for the high expression 
of GP73 in hepatitis, hepatocirrhosis, and liver cancer remains 
unclear. The ex vivo experiments have confirmed the upregula-
tion of GP73 following HBV infection in liver cancer cells (6). 
Therefore, it was hypothesized that HBV infection, the main 
inducer of hepatitis, hepatocirrhosis and liver cancer, may have 
a role in inducing GP73 expression.

HBx is a major HBV coding protein and serves a signifi-
cant role in HBV-induced hepatocarcinogenesis and increased 
serum AFP level in liver cancer patients (14-18). However, in 

Figure 5. Nucleotide sequence of the promoter region of the human GP73 
gene (accession no. NM177937.2). The numbers indicate the base location 
relative to the start site of the first exon that is labelled with an up‑arrow. 
Letters in grey boxes represent putative binding sites for HIF-2α and hypoxia 
response elements (CGTG) that were identified by TRANSFAC analysis. 
GP73, Golgi protein 73.

Figure 4. Effect of HIF-2α on GP73 expression. (A) HepG2 cells were transfected with either empty vector control (pcDNA3.1) or a HIF-2α-overexpressing 
plasmid. HIF-2α overexpression was confirmed by RT‑qPCR, and GP73 levels were examined by RT‑qPCR and western blotting. (B) HepG2 cells were trans-
fected with either a negative control or HIF-2α-targeting siRNA, and HIF-2α silencing was confirmed by RT‑qPCR. GP73 levels were examined by RT‑qPCR 
and western blotting. β-actin was used as internal control. Results are expressed as the mean ± standard deviation of three independent experiments. **P<0.01. 
HIF, hypoxia-inducible factor; GP73, Golgi protein 73; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; siRNA, small interfering 
RNA.

Figure 6. Overlay scatters indicate the correlation between GP73 mRNA 
levels and HIF-2α mRNA levels analyzed by real-time PCR.
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the present study, founder results demonstrated that overepxres-
sion of HBx decreased rather than increased GP73 expression 
in liver cancer cells. The GP73 mRNA and protein levels in 
the HBx-transfected HepG2 cells were 69±2 and 51±5% of 
the levels in the control group, respectively, indicating that 
HBV-mediated GP73 upregulation did not occur through the 
HBx pathway.

Next, the potential roles of HIF-1α and HIF-2α in inducing 
GP73 expression were explored. HIF-1α and HIF-2α are 
important transcription factors in HCC (19-22). Under 
normoxic conditions, the HIF-α subunits are hydroxylated 
in key proline residues by the von Hippel-Lindau (VHL) 
protein complex, followed by proteasome degradation. Under 
hypoxic conditions, the low level of oxygen inhibits the 
activity of hydroxylase, leading to the stabilization of HIF-α 
subunits (19-22). Accumulated HIF-α subunits translocate 
to nuclei and dimerize with HIF-1β to form a functional 
transcription factor capable of DNA binding at the hypoxia 
response elements (HREs) and the transcriptional activa-
tion of target genes that are involved in cell survival, tumor 
angiogenesis, metastasis, and resistance to radiation and 
chemotherapy (19-22). In addition to the hypoxic microen-
vironment, the stability of HIF-α proteins is modulated by 
HBV, as our previous study demonstrated that HBV induced 
HIF-2α expression by its encoded protein HBx though 
binding to pVHL and activating the nuclear factor (NF)-κB 
signaling pathway (12). Although HIF-1α and HIF-2α have 
similar structure and common HREs, their target genes are 
different (23-25). HIF-1 preferentially induces genes that 
encode glycolytic enzymes, such as phosphofructokinase 
and lactate dehydrogenase A. By contrast, HIF-2 induces 
genes that are involved in invasion, including the matrix 
metalloproteinase (MMP) 2 and 13, and the stem cell factor 
OCT-3/4 (23-25). In the present study, it was demonstrated that 
HIF-2α, but not HIF-1α, induced the expression of GP73 in 
liver cancer cells. GP73 expression was upregulated following 
HIF-2α overexpression and was downregulated following 
HIF-2α silencing. In addition, two potential HIF-2α binding 
sites were identified in the promoter region of GP73 by bioin-
formatics analysis. In human HCC tissues, the expression of 
HIF-2α was positively correlated with GP73 expression. These 
results indicated that HIF-2α can activate GP3 expression in 
liver cancer cells.

The present study identified that HBV induced GP73 
expression in liver cancer cells through HIF-2α signaling 
activation. HIF-2α may upregulate GP73 expression in liver 
cancer cells by directly binding to and activating its promoter. 
These results provided a possible mechanism explaining GP73 
upregulation in liver cancers. More detailed investigations on 
the molecular mechanisms of GP73 expression in the future 
will contribute to understanding its functional implication in 
diseases and evaluating its role as a novel biomarker for liver 
cancer.
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