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High expression of GP73 in primary hepatocellular
carcinoma and its function in the assessment of
transcatheter arterial chemoembolization
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Abstract. Golgi glycoprotein 73 (GP73) is a type II Golgi
transmembrane protein and a potential novel marker for
the diagnosis of primary hepatocellular carcinoma (PHC).
However, its reliability as a serum marker for the diagnosis
of PHC following transcatheter arterial chemoembolization
(TACE) remains unknown. The aim of the present study was to
evaluate the diagnostic value of serum GP73 levels in patients
with PHC, to determine its diagnostic accuracy in patients
with PHC following TACE. Reverse transcription-quantitative
polymerase chain reaction analysis was used to measure GP73
expression in PHC and adjacent para-carcinomatous liver
tissue in 40 patients with PHC, and 15 normal liver samples
from benign hepatic tumors. The associations between GP73
expression levels with clinicopathological characteristics
of the patients were also analyzed. Serum GP73 levels were
detected by ELISA in 68 patients with PHC following TACE
and 29 healthy individuals. The levels of serum GP73 were
tested 2 days prior to intervention, and 7 and 30 days following
TACE. GP73 mRNA expression levels in PHC were signifi-
cantly higher than in the corresponding para-carcinomatous
liver and normal liver samples. High expression levels of GP73
mRNA were associated with tumor size, vascular invasion and
tumor differentiation, suggesting augmented tumor invasion
and metastasis. The expression levels of serum GP73 were
markedly higher in the patients with PHC compared with
healthy individuals. Serum GP73 levels in the 68 patients
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with PHC were higher compared with the 29 normal controls
[152.5 (76.4-284.5) compared with 49.3 (12.6-26.7) ug/l1],
and the difference was statistically significant (P<0.01). High
levels of serum GP73 were associated with tumor differen-
tiation. The levels of Barcelona clinic liver cancer stage A,
B and C were 92.12 (38.9-135.2), 122.9 (55.2-178.5), and
162.55 (110.8-232.9) ug/l, respectively (P<0.05). The serum
GP73 levels 7 days following TACE [99.2 (66.7-150.8)] were
significantly lower than prior to TACE, and the difference was
statistically significant (P<0.05). In the group of 49 patients
with serum o-fetoprotein (AFP) levels <400 ug/l, the serum
GP73 levels were >132 pg/l. Serum GP73 levels may serve as
a potential independent diagnostic marker for PHC, and the
combined evaluation of serum GP73 and AFP may increase
the diagnostic efficiency of PHC. Significant overexpression of
GP73 mRNA was associated with aggressive PHC. However,
further research is required to confirm the potential of GP73
as a diagnostic marker.

Introduction

Hepatocellular carcinoma (PHC) is the fifth most common
cancer and the third leading cause of cancer-associated
mortality globally (1). In China, PHC is a leading cause of
cancer-associated mortality (2). PHC is usually diagnosed
at an advanced stage, and early diagnosis is of particular
importance. Golgi glycoprotein 73 (GP73) is a type II Golgi
transmembrane protein (3) and a potential novel marker for the
diagnosis of PHC. A previous study has confirmed GP73 as a
serum marker of liver cancer, and it is possible to use its gene
expression to monitoring early recurrence (2). It is possible to
monitor its protein levels by immunohistochemistry (4). The
expression of GP73 mRNA levels and clinical characteristics
are less well reported. Transcatheter arterial chemoemboliza-
tion (TACE) is the preferred treatment for unresectable PHC.
A previous study suggested that tumor necrosis following
intervention is more likely to cause relapse and metastasis,
due to the numerous viable tumor cells remaining following
TACE therapy (5). Nevertheless, this evaluation of the
efficacy of TACE was focused on radiological assessment
with no uniform standard determination of residual tumor
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cells and a lack of objective laboratory parameters, thereby
hindering optimal opportunity of one more TACE treatment
following the first TACE. This will often induce early and
easy recurrence. Serum o-fetoprotein (AFP) is widely used to
detect primary liver tumors, but this technique demonstrates
poor sensitivity and specificity (6). The present study used
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis to examine the levels of GP73 mRNA
expression in PHC and its association with clinicopathological
characteristics. In addition, ELISA was used to investigate the
importance of GP73 and the involvement of AFP in assessing
the efficacy of TACE in primary liver cancer.

Materials and methods

Ethical statement. The present study was approved by the
Ethics Committee of the Fourth Hospital of Hebei University
(Shijiazhuang, China). All patients provided written, informed
consent.

Clinical data. A total of 40 PHC tissue samples with corre-
sponding para-cancer tissue samples and 15 normal liver
tissue samples were obtained from 55 patients admitted to the
Department of Hepatobiliary Surgery at the Fourth Hospital of
Hebei University from October 2013 to June 2014. None of the
patients were diagnosed with metastasis prior to surgery. Tissue
samples were obtained from 40 patients with pathologically
confirmed PHC, and the para-cancer tissues were obtained
within 2.0 cm from the border of the cancerous tissue. The
samples were frozen in liquid nitrogen within 30 min of dissec-
tion. The patients with PHC included 29 males and 11 females,
aged 39-74 (52+11.3) years. According to the Edmondson
grading system (7), 28 patients demonstrated low to medium
differentiation (level I-11T), and the other 12 patients demon-
strated high differentiation (level IV). The median diameter
of the tumors was 6.33 cm (range, 1.9-11.6 cm), and 11 cases
demonstrated vascular invasion. All patients had complete
clinicopathological data, and did not receive radiotherapy or
chemotherapy prior to surgery. Histopathological diagnosis
revealed the presence of 31 cases of PHC and 9 cases of bile
duct carcinoma. All patients underwent AFP examination. The
15 normal samples were obtained from normal liver tissue adja-
cent to benign liver tumors, including 12 males and 3 females
with an average age of 45.3 years (range, 32-66 years).
Clinical TACE data comprised of 68 patients with PHC at
the Fourth Hospital of Hebei Medical University, all of whom
were hospitalized for the first time between May 2014 and
January 2015), including 45 males and 23 females. Patients were
39-78 years old, with an average age of 53.2 years. According
to the Barcelona clinic liver cancer (BCLC) staging system (8),
29 cases were stage A, 26 stage B, and 13 stage C. The patients
were diagnosed with PHC with a history of chronic liver disease,
following imaging and examination of the tumor marker AFP.
All patients met the criteria of level A or B in the Child-Pugh
staging system (9), life quality Kamofsky score (10) >70, and no
absolute contraindications to TACE. The patients demonstrated
no significant difference in transaminases, alkaline phosphatase,
v-glutamine transpeptidase (y-GT), albumin (PA), blood routine
or kidney function compared with the control group, and had
not received any prior treatment (chemotherapy, radiotherapy
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or immunotherapy). The peripheral blood of patients with liver
cancer was isolated 2 days prior to surgery and 7 and 30 days
following surgery, and was stored at -80°C. The data of 29 healthy
people that came to the Fourth Hospital of Hebei Medical
University from September 2014 to January 2015 for health
examinations were used as controls, including 17 males and
12 females with an average age of 41.6 years (range, 23-64 years).

RT-qPCR was used to determine mRNA expression. As per
the manufacturer's protocol, the tissue samples stored at -80°C
were cut into sections (0.3-0.5 cm), placed in 1.5 m centrifuge
tubes, and 1 ml RNA iso Plus reagent (Takara Bio, Inc., Otsu,
Japan) was added, followed by centrifugation at 4°C at 19,185 x g
for 15 min. Absorbance (A) at 260 nm and 280 nm (A260 and
A280) was measured to calculate the RNA concentration. First
strand cDNA was synthesized using a reverse transcription kit
(PrimeScript™ RT reagent kit with gDNA Eraser; Takara Bio,
Inc.) in a 36-ul reaction volume, according to the manufacturer's
protocol. Primer sequences used were as follows: GP73 forward,
5'-GTGTGAGGAGCGAATAGAAGAGG-3' and reverse,
5-GTCTCTGGTCGTTGTTTTCACT-3"; GAPDH forward,
5-CTGGGCTACACTGAGCACC-3' and reverse, 5-AAGTG-
GTCGTTGAGGGCAATG-3" All primers were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). PCR amplification
was performed in a 50 pl reaction volume, using SYBR® Premix
EX Taq™ (Takara Bio, Inc.). Thermocycling conditions were as
follows: 95°C for 3 min, and 45 cycles of melting at 95°C for
30 sec, followed by 57°C for 30 sec. Gel electrophoresis images
were acquired and stored (UVP, LLC, Upland, CA, USA), and A
values of the GP73 and GAPDH bands were calculated using the
2-44% method (11). Relative expression of GP73 was represented

as the ratio of Agpr; t0 Agappn-

TACE. Using a modified Seldinger technique (12), the right
femoral artery was punctured and the guide wire was inserted,
followed by the 5F sheath, and then a SF-RH catheter was
inserted for celiac trunk angiography and indirect portal
venography. Superior mesenteric artery, left gastric artery and
right phrenic artery angiography were also performed when
necessary. Then, the catheter was inserted into the target
vessel (certain patients required the use of Progreat micro-
catheters, purchased from Terumo Corporation, Tokyo, Japan),
and 1,000 mg tegafur (Hao Chuang Co., Ltd., Hainan, China),
150 mg oxaliplatin (Jiangsu Hengrui Co., Ltd., Lianyungang,
China) and 200 mg leucovorin (Hainan SIDA Pharmaceutical
Co., Ltd., Hainan, China) were slowly perfused, followed
by 8-25 ml ultra-fluid lipiodol (Jiangsu Hengrui Co., Ltd.)
containing 15 mg hydroxycamptothecin for embolization of
the artery supporting the tumor. Choice and volume of the
embolization agent were based on the cross-sectional area of
the embolization and size of the tumor, as well as preoperative
liver function status of the patients.

Assessment of serum GP73 levels in the blood samples by
ELISA and AFP levels by chemiluminescence immunoassay.
Serum GP73 levels were assessed using the Human Golgi
glycoprotein 73 (GP73) ELISA kit (Beijing Hotgen Bioech Co.,
Ltd., Beijing, China) according to the manufacturer's protocol.
For each test, samples (20 ul) were added to a 96-well plate.
The experiment was performed in triplicate and independently
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repeated three times. Optical density values at 450 nm and 630
were read using a multiskan MK3 microplate reader (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). AFP levels were
determined using the Cobas 601 enhanced chemilumines-
cence immunoassay analyzer and supporting kit [Human
oFP (alpha-fetoprotein) kit; YZB/GEM 1177-2011; Roche
Diagnostic GmbH], according to the manufacturer's protocol.

Statistical analysis. The data were analyzed using SPSS 19.0
statistical software (IBM Corp., Armonk, NY, USA). Quanti-
tative data were expressed as the mean + standard deviation.
The Mann-Whitney U-test was used for comparisons between
the groups. Spearman correlation coefficients were used to
analyze the associations between GP73 expression levels and
clinicopathological data. P<0.05 was considered to indicate a
statistically significant difference.

Results

GP73 mRNA expression levels are higher in cancer tissues than
para-cancer or normal tissues. GP73 mRNA expression was
detected in all 40 samples of primary liver cancer and corre-
sponding para-cancer liver tissues, as well as in normal liver
tissue, but the levels differed between the PHC tissues, corre-
sponding para-cancer liver tissues and normal liver tissue. The
relative levels of GP73 mRNA were 2.35+0.17 in primary liver
cancer, which was significantly higher than that in para-cancer
liver tissue (0.93+0.05) and normal liver tissue (0.53+0.04;
Table I; Figs. 1-4).

GP73 mRNA expression levels are associated with tumor size,
vascular invasion and tumor differentiation. GP73 expression
in liver cancer tissue demonstrated no significant associa-
tions with age, sex, number of tumors, serum AFP or history
of hepatitis (P>0.05; Table II), but demonstrated significant
associations with tumor size, vascular invasion and tumor
differentiation (P<0.05; Table II).

Serum GP73 levels differ between patients with cancer
and controls, differ between BCLC stage, and are associ-
ated with clinical stage. Prior to TACE, serum GP73 levels
of the 68 patients with primary liver cancer [152.5 pg/l
(76.4-284.5 ug/1)] were significantly higher compared with the
normal control [49.3 g/l (12.6-26.7 ug/1); P<0.01]. Significant
differences in GP73 levels were also detected between BCLC
stage A, B and C liver cancers [92.12 pug/l (38.9-135.2 pug/l),
122.9 pug/l (55.2-178.5 ug/l), 162.55 ug/l (110.8-232.9 ug/l),
respectively; P<0.05]. These results indicated that serum GP73
levels were correlated with clinical stage (P<0.05; r=0.27), but
were not significantly affected by the sex or age of the patient.

Serum GP73 levels decreased following TACE. Serum GP73
levels of the 68 patients with primary liver cancer significantly
decreased to 99.2 ug/1 (66.7-150.8 pg/1; P<0.05) 7 days following
TACE; and serum GP73 levels of the 28 patients with BCLC
Stage A liver cancer decreased to 76.5 ug/l (59.2-107.2 ug/l;
P<0.01) 7 days following TACE.

AFP-negative patients have a GP73 high detection rate.
Among the 65 patients with primary liver cancer, 43 had AFP
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Table I. Relative expression levels of GP73 mRNA.
Number of GP73 mRNA
Group patients expression levels
Liver cancer tissue 40 2.35+0.17
Para-cancer tissue 40 0.93+0.15*
Normal liver tissue 15 0.53+0.24*

*P<0.05 vs. liver cancer tissue. GP73, Golgi glycoprotein 73.
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Figure 1. RNA electrophoresis image. Lane 1,2 and 3 were loaded with test
samples, and lane M was loaded with the M-DL2000 marker.

Amplification plot

AR

0 2 4 B B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Cycle

Figure 2. Polymerase chain reaction amplification curve for GP73. GP73,
Golgi glycoprotein 73; ARn, fluorescence signal with baseline subtracted.

levels >400 pg/ml, and the other 22 had AFP levels <400 pg/ml.
Among those with AFP levels <400 pg/l, 49 (75.3%) patients
had a GP73 level =132 ug/l, suggesting a high detection rate of
GP73 for AFP-negative patients, which may help to improve
the accuracy of liver cancer diagnosis for patients with nega-
tive AFP.

Patients with a good response to TACE had lower serum
GP73 levels than those with a poor response. Serum GP73
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Figure 3. Polymerase chain reaction amplification curve for the internal
reference gene, GAPDH. ARn, fluorescence signal with baseline subtracted.
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Figure 4. GP73 mRNA expression levels in different tissues. GP73, Golgi
glycoprotein 73.

levels were rechecked 30 days following TACE, and upper
abdominal computerized tomography or digital subtraction
hepatic arteriography was performed. The results indicated
that 31 patients had poor lipiodol retention, the lesion was
active with intrahepatic metastasis, and serum GP73 levels
were an average of 183.2 ug/l (79.5-235.2 ug/l). The other
34 cases achieved a good response to TACE (good lipodol
retention and no indication of intrahepatic metastasis), and
their GP73 levels were 115.2 ug/1 (63.4-148.2 ug/1), which was
significantly lower than those with a poor response (P<0.05).

Discussion

Studies on cancer recurrence and metastasis-associated
factors are of significance for the prediction of PHC prognosis
and anti-metastatic therapy (13). Early diagnosis and treatment
of PHC are vital for improving the overall survival rate of
patients (14). AFP is an important indicator for early diagnosis
of liver cancer and is used to monitor its progression, and thus
is widely used in clinical practice. However, 30-40% of liver
cancers, in particular those originating from the bile duct,
are negative for AFP expression. Furthermore, elevated AFP
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Table II. GP73 mRNA expression levels in liver cancer, and its
associations with clinicopathological characteristics.

GP73 mRNA
Clinicopathological expression
characteristic n levels (RU) P-value
Age 0.31
<65 34 2.15+0.13
>65 6 2.21+0.18
Sex 042
Male 29 2.32+0.08
Female 11 2.33+0.16
Tumor size, cm 001
<3 21 2.17+0.13
>3 19 2.42+0.09
Tumor number 0.59
1 31 2.3620.11
=) 9 2.39+0.09
Differentiation 0.02
Well differentiated 12 2.15+0.13
Moderately and 28 2.37+0.08
poorly differentiated
Angioinvasion 0.01
Yes 11 2.41+0.15
No 29 2.17+0.11
AFP, ng/ml 0.85
<400 10 2.34+0.11
>400 30 2.31+0.12
HBV 0.56
+ 33 2.35+0.13
- 7 2.33+0.08

GP73, Golgi glycoprotein 73; AFP, a-fetoprotein; HBV, hepatitis B
virus.

levels may be detected in patients with cirrhosis or exacerba-
tions of chronic hepatitis (15). Prospective studies analyzing
the performance characteristics of AFP for PHC surveillance
reported sensitivities of 39-64%, specificities of 76-91% and
positive predictive values of 9-32% (16,17). Thus, the clinical
value of AFP has been questioned due to its low sensitivity and
specificity (16-18), and novel serum markers for liver cancer
with higher sensitivity and specificity are being actively sought
in current research. GP73 is a novel tumor marker and was
originally described as a resident Golgi type II transmembrane
protein, with a single, N-terminal transmembrane domain and
an extensive, C-terminal coiled-coil domain located on the
luminal surface of the Golgi apparatus (19). Its mRNA was first
identified in a patient with syncytial giant cell hepatitis (20).
Serum GP73 levels gradually increase with the progression of
hepatitis, cirrhosis, and liver cancer (2), suggesting that it is
an effective indicator for monitoring liver cancer progression.

Using immunohistochemistry, GP73 was previously
demonstrated to be highly expressed in primary liver cancer
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tissue and correlated with tumor differentiation (21). However,
the semi-quantitative nature of immunohistochemistry makes
it relatively difficult to provide an accurate diagnosis, and it
demonstrates considerable false positive and false negative
results. In the present study, RT-qPCR was used to determine
GP73 mRNA levels in liver cancer tissues, para-cancer tissues
and normal liver tissues, as this method is intuitive and reli-
able. Statistical analysis indicated that GP73 expression was
the highest in primary liver cancer, moderate in para-cancer
tissue, and the lowest in normal liver tissue (P<0.05), suggesting
that high GP73 levels may be involved in the progression of
primary liver cancer, and may be used as a marker for the
diagnosis of liver cancer and for monitoring its recurrence.
The associations between GP73 mRNA expression levels and
clinicopathological features of patients with primary liver
cancer were investigated, and GP73 expression was revealed
to not be affected by age, sex, number of tumors, serum AFP
levels or history of hepatitis, but it was associated with tumor
size, vascular invasion and tumor differentiation, inferred as
increased primary liver cancer burden and risk of metastasis
and recurrence (22,23). The association of GP73 expression
with these indicators suggested that GP73 may be involved in
the progression and metastasis of primary liver cancer, and
may be used as a novel serum marker for monitoring primary
PHC recurrence following surgery, which may help clinicians
to determine the timing of preventive treatment and to improve
prognosis and patient survival.

There was a high detection rate in patients with liver
cancer who were negative for AFP expression. The combined
use of GP73 and AFP may significantly improve the accuracy
of early diagnosis of liver cancer. In addition, patients with
BCLC stage C had higher serum GP73 levels than patients
with BCLC stage B and A, suggesting the involvement of
GP73 in progression and metastasis of liver cancer. In addi-
tion, dynamic changes of serum GP73 levels also reflected the
efficacy of TACE treatment. Serum GP73 levels significantly
decreased 7 days following TACE treatment, suggesting that
TACE significantly reduced liver tumor burden and delayed
tumor progression. Serum GP73 levels in patients with tumor
progression was significantly higher than those in remission
30 days following TACE treatment. Acute liver damage and
repeated liver tissue regeneration may lead to increased GP73
expression (22), which is then released into the blood and reflects
tumor progression. The combined use of the two markers may
become an important means for the diagnosis of primary liver
cancer. Hu et al (24) studied receiver operating characteristic
(ROC) curves comparing Chinese patients with PHC admitted
to Xiangya Second Hospital from June 2008 to December
2008, and demonstrated that the Hepatitis B virus-associated
PHC area under the (AU) ROC curve for GP73 was 0.89 [95%
confidence interval (CI), 0.82-0.97], with a sensitivity of 77.4%
and specificity of 83.9%, whereas the AUROC for AFP was
0.77 (95% CI,0.65-0.89), with a sensitivity of 48.4% and speci-
ficity of 96.8%. Zhou et al (25) performed a meta-analysis,
which revealed a sensitivity of 76% (GP73, 95% CI, 51-91%)
vs. 70% (AFP, 95% CI, 47-86%) and specificity of 86% (GP73,
95%Cl, 65-95%) compared with 89% (AFP, 95% CI, 69-96%),
respectively, which indicated that serum GP73 has a compa-
rable accuracy to AFP for the diagnosis of PHC. The present
study indicated that serum GP73 levels were significantly
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increased in patients with poor prognosis 30 days following
surgery, which may be useful for the assessment of prognosis
and disease progression. It is generally recognized that for
patients with low AFP expression, AFP levels rarely reflect the
efficacy of TACE, while the dynamic changes of GP73 levels
accurately reflect the condition of the patient. These results
suggested that for patients with AFP levels <400 ug/l, the
dynamic changes in serum GP73 are valuable in the assess-
ment of TACE efficacy, and should be promoted in clinical
examination.

Combination with AFP may significantly improve the
rate of early diagnosis of PHC, and GP73 levels inpatients
with BCLC stage C PHC were significantly higher compared
with patients with stage B PHC, which indicated that serum
GP73 levels are associated with the progression and metas-
tasis of PHC. Meanwhile, serum GP73 changes are relevant
to the effect of TACE. Serum GP73 levels decreased 7 days
post-intervention as compared with those recorded prior to
treatment, given that TACE significantly reduces the liver
tumor load and delays the progression of tumors. GP73 serum
levels in patients with disease progression, recorded 30 days
post-operation, were significantly higher than those of patients
in remission. With disease progression and interventional
therapy, normal liver cells are damaged, and acute hepatic
injury and repeated liver tissue remodeling may lead to GP73
being released into the blood, subsequently leading to disease
progression (26). GP73 sensitivity and specificity were higher
compared with that of detection of AFP, and the two may be
used in combination as an improved method of diagnosis for
primary liver cancer.

The present study indicated that serum GP73 levels
significantly increased in patients with a rapid progression
of the disease 30 days following TACE, and may be useful
in evaluating prognosis and disease progression. For AFP
negative patients or those with low concentrations by AFP, the
effect of TACE is difficult to predict. The dynamic changes of
serum GP73 level may accurately reflect the patient's condi-
tion, suggesting its clinical application value in monitoring the
effect of TACE treatment in AFP-negative patients with PHC
or with AFP levels <400 g/1, and this may be widely applied
for clinical detection.

In summary, to the best of our knowledge, this is the first
demonstration of GP73 expression at them RNA and serum
levels in terms of treatment with TACE, and its association
with clinicopathological features of PHC was demonstrated.
Manipulation of GP73 expression in patients with PHC patients
may lead to the development of novel therapies. Further studies
of GP73 functions and mechanisms of its regulation in normal
and PHC tissues are warranted.
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