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Original Article
Serum Golgi protein 73 is a prognostic
biomarker of liver transplantation patients
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Abstract: Background: The death after liver transplantation (LT) was most commonly caused by HCC recurrence.
Golgi protein 73 (GP73), a type Il Golgi membrane protein, has been proved to be a better serum marker for HCC.
Objective: This study aims to clarify the relationship between serum GP73 levels and tumor recurrence as well as
survival of HCC patients after LT. Methods: Between November 2003 and July 2008, serum samples from 60 liver
transplantation patients and 72 healthy individuals were collected. ELISA and microparticle enzyme immunoassay
were used to measure serum GP73 and AFP levels. Patient survival was analyzed using log-rank test along with
Kaplan-Meier method. Receiver operating characteristic (ROC) curve was utilized to analyze the diagnostic value of
serum GP73 levels. Cox regression was utilized to analyze prognostic factors with multiple variables. Results: Serum
GP73 concentrations in HCC patients were much higher than that in healthy controls (P<0.001). Patients with lower
serum GP73 levels at LT-6Month had better overall survival and recurrence-free survival than those with higher
serum GP73 levels. ROC analyzing results showed that higher serum GP73 levels at 6 month post-LT could sig-
nificantly predict mortality (P=0.020) as well as HCC recurrence (P=0.001) after liver transplantation. Multivariate
analysis revealed that serum GP73 levels at LT-6Month was an independent predictor of good prognosis (P=0.002).
Conclusion: Serum GP73 levels could be used to predict tumor recurrence and survival in HCC sufferers after LT.
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Introduction

Chronic liver disease remains a major chal-
lenge to global public health which could cau-
se approximately 800,000 deaths yearly all
around the world [1, 2]. Hepatic injury could
develop into hepatocirrhosis, hepatocellular
carcinoma (HCC) and eventually death. Liver
transplantation (LT) has been considered as
the only effective solution method for patients
with end-stage liver disease [3, 4]. Especially
for HCC patients, LT could possibly offer the
best chance for cure due to the fact that tu-
mors could be cleared and the underlying ch-
ronic liver disease could be treated [5]. How-
ever, even under stringent selection criteria,
the recurring rate of HCC in transplant recipi-
ents was 10%-20% and it is a major cause of
post-LT death [6-8]. Therefore, there is an
urgent need for identifying reliable biomarkers
to predict post-LT HCC recurring. At present,
alpha-fetoprotein (AFP) has been considered as

the main tumor biomarker that is most widely
used to manage HCC [9]. Although it has been
reported that AFP could not be utilized effec-
tively to screen HCC [10], the value of which for
the prediction of post-LT outcome has been
demonstrated in several reports [11, 12].

Golgi protein 73 (GP73), also named as GOLM1
or GOLPH2, is a 73-kDa type Il Golgi membrane
protein expressed mostly in epithelial cells of
many human tissues [13]. In normal livers,
GP73 is consistently present in biliary epithe-
lial cells [14]. Nevertheless, the expression of
GP73 was notably increased in numerous liver
diseases, especially in HCC cells, which could
attributed to the process that GP73 migrates to
the plasma membrane and diffusion into the
circulation. Therefore, GP73 is considered to be
a novel potential biomarker for HCC and several
studies have reported that GP73 could be used
as a serum marker for HCC [15-17]. However, it
is unknown the association between serum
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Table 1. Relationship between GP73 expression and clinical informa-

tion of 60 liver transplantation patients
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Figure 2. Receiver operating characteristic (ROC)
curve of GP73 levels at LT-6Month (A, B) and AFP (C)
to predict mortality (A) and HCC recurrence (B, C) in
patients undergoing liver transplantation. AUC, area
under curve; *, P<0.05; **, P<0.01.

subjects in this control group were documented
to have normal liver biochemistry (serum speci-
mens were negative for HBsAg, anti-HIV, anti-
TP, and anti-HCV; AFP<10 ng/ml, CEA<4 ng/ml,
PSA<4 ng/ml, ALT<40 IU/ml), with no history
of liver disease, and no risk factors for viral
hepatitis.

8628

Laboratory testing

10 ml blood sample was drawn from each sub-
ject, spun, aliquoted, and serum stored at
-80°C until testing. A commercial ELISA kit
(Beijing Hotgen Biotech Co., Beijing, China) was
utilized to detect serum GP73 levels quantita-
tively according to the manufacturer’s instruc-
tions. All samples were tested at the same
time using the same batch of reagents by labo-
ratory technicians with board certificates in a
blind manner. A Roche Cobas 6000 Immunoas-
say System with original kits was used to per-
form the microparticle enzyme immunoassay
for the measurement of serum AFP levels.

Statistical analysis

Statistical analyses were performed by SPSS
17.0 (SPSS, Chicago, IL). The Mann-Whitney
U-test was used to determine statistical differ-
ences in serum GP73 levels between HCC
patients and normal subjects. The chi-square
test or Fisher exact test was used to determine
the relationship between serum GP73 levels
and clinical parameters. Recurrence-free sur-
vival (RFS) was defined as the time from the
date of liver transplant surgery to the date
of tumor recurrence. The Overall survival (0S)
time was calculated from the date of surgery
to the date of death from any cause or to their
last follow-up date. Recurrence-free survival
and overall survival were summarized using
Kaplan-Meier curves and survival differences
were carried out with the log-rank test. Cox-
regression analysis was performed to examine
the hazard ratio of GP73 and clinical factors in
predicting overall and recurrence-free survival
of HCC recipients. Multivariate Cox-regression
analysis was performed to compare the signifi-
cant factors in univariate cox-regression analy-
sis. For all the analyses, P values <0.05 were
considered to be statistically significant.

Results
General characteristics

Between November 2003 and July 2008, 60
HCC patients were enrolled in this study, includ-
ing 54 males and 6 females, with the average
age of 49 (range from 30 to 78). The clinical
information of 60 patients was shown in Table
1. Among these 60 patients, 56 (93.0%) have
chronic Hepatitis B virus (HBV) infection and 10
(16.7%) had elevated serum AFP levels (>400
ng/ml). The median follow-up duration was 38
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Table 2. Univariate and multivariate Cox regression analyses of overall survival in 60 HCC patients

Univariate analysis Multivariate analysis

Characteristics

HR 95% Cl P-value HR 95% ClI P-value
Age (>55 years) 0.774 0.216~2.777 0.694
Gender (Female) 0.819 0.107~6.265 0.848
AFP >400 (ng/ml) 0.284  0.095~0.851 0.025
pre-LT serum GP73 level >150 (ng/ml) 0.842 0.292~2.430 0.751

3 month post-LT serum GP73 Level >150 (ng/ml)  1.316  0.412~4.206 0.643
6 month post-LT serum GP73 Level >150 (ng/ml)  5.137 1.794~14.711 0.002 5.137 1.794~14.711  0.002

Table 3. Univariate and multivariate Cox regression analyses of recurrence-free survival in 60 HCC
patients

Univariate analysis Multivariate analysis

Characteristics

HR 95% ClI P-value HR 95% ClI P-value
Age (>55 years) 1.756 0.512~6.020 0.370
Gender (Female) 0.044 0.000~655.120 0.524
AFP >400 (ng/ml) 0.259 0.076~0.887 0.036
pre-LT serum GP73 level >150 (ng/ml) 3.084 0.665~14.293 0.150

3 month post-LT serum GP73 level >150 (ng/ml)  1.887 0.550~6.473 0.313

6 month post-LT serum GP73 level >150 (ng/ml)  6.711  2.044~22.039 0.002 6.711 2.044~22.039 0.002

months (range: 5-63 months). At the end of fol-
low-up, 11 of 60 patients had recurrent tumors
and 14 were dead. Among 72 healthy controls,
the mean age was 41.8 years (range, 20-89
years) and 51.9% were men.

Expression of GP73 in the clinical samples

The median serum GP73 levels in the healthy
subjects was 61.0 ng/mL (range: 37.0-92.0),
while the median value of GP73 in HCC pa-
tients before LT was 118.9 ng/mL (range: 63.5-
229.2), which remarkably higher than that of
normal subjects (P<0.001). With the aim of
avoiding influence of extreme value, HCC pa-
tients were divided into two subgroups ac-
cording to serum GP73 levels (<150 ng/ml,
Low; 2150 ng/ml, High). Then the relationship
between serum GP73 concentrations and clini-
cal parameters was analyzed. No statistically
significant differences between GP73 expres-
sion and clinical parameters were found (Table
1).

Association of GP73 with overall and recur-
rence-free survival

The overall survival and recurrence-free surviv-
al rates were analyzed to evaluate the prognos-
tic significance of serum GP73 levels. By Kaplan-
Meier survival curve analysis with log-rank test,
we identified that HCC patients with higher
serum GP73 levels at LT-6Month had a signifi-
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cantly shorter overall survival (Figure 1A) and
recurrence-free survival (Figure 1B). However,
there are no significant associations between
serum GP73 levels and survival of HCC patients
when serum GP73 levels were tested at pre-LT
and LT-3Month.

Then, we further examined the prediction value
of GP73 (High group versus Low group) for mor-
tality and tumor recurrence by ROC analysis.
Results showed that higher serum GP73 levels
at 6 month post-LT could significantly predict
mortality [AUC =0.708 (95% CI: 0.540-0.875);
Sensitivity =64.3%; Specificity =60.5%; P=
0.020, Figure 2A] and HCC recurrence [AUC =
0.822 (95% Cl: 0.694-0.950); Sensitivity =
72.7%; Specificity =81.2%; P=0.001, Figure
2B] after liver transplantation, while pre-LT
serum GP73 levels and 3 month post-LT serum
GP73 levels could not reach statistical signifi-
cance. Pre-LT serum AFP levels could also pre-
dict HCC recurrence [AUC =0.672 (95% CI:
0.480-0.863); Sensitivity =63.6%; Specificity
=73.5%; P=0.037, Figure 2C], but could not
predict mortality of HCC recipients after liver
transplantation (P=0.268).

Prognostic factors of patients with HCC under-
going LT

To further determine whether serum GP73 level
was an independent prognostic factor, univari-
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ate and multivariate analyses were perform-
ed. Univariate Cox regression analysis reveal-
ed that high level of serum GP73 at LT-6Month
was significantly associated with poor overall
survival and recurrence-free survival (P=0.002)
of HCC recipients after liver transplantation
(Tables 2 and 3). The pre-LT serum AFP levels
were also significant prognostic factor for over-
all survival (P=0.025) and recurrence-free sur-
vival (P=0.036). Significant prognostic factors
in univariate analysis were then analyzed by
multivariate analysis by using the Cox propor-
tional hazards model [18]. The results showed
that serum GP73 levels at LT-6Month was the
only significant variable in predicting both over-
all survival (HR=5.137, P=0.002) (Table 2) and
recurrence-free survival (HR=6.711, P=0.002)
(Table 3) of HCC recipients after liver transplan-
tation. Therefore, the above results indicated
that serum GP73 levels at LT-6Month was an
independent predictor for both recurrence-free
survival and overall survival of HCC recipients
undergoing LT.

Discussion

Several previous reports have indicated that
some factors were closely related to poor prog-
nosis in HCC patients who have underwent LT,
such as pre-LT serum AFP levels [19, 20], histo-
logic grade, and vascular invasion [21]. In this
study, we demonstrated that GP73 was associ-
ated with tumor recurrence and survival in HCC
sufferers LT. We therein identified, for the first
time, that serum GP73 levels at 6 month post-
LT could be utilized as a potential prognostic
marker to predict HCC recurrence and survival
after LT.

GP73 is a type Il Golgi-localized integral mem-
brane protein that is normally expressed in epi-
thelial cells of many human tissues [16]. Clinical
studies demonstrated that serum GP73 in-
creased in patients with liver disease, especial-
ly HCC, and GP73 was a better serum biomark-
er than AFP for early detection of HCC [22-24].
However, there are no reports about the rela-
tionship between serum GP73 levels and HCC
patients who underwent LT. Our results indicat-
ed that HCC patients with higher serum GP73
levels at LT-6Month exhibited higher tumor
recurrence rate and lower survival. The 5-year
overall survival and recurrence-free survival
rates in post-LT HCC patients with high serum
GP73 levels were 41.7% and 49.9%, respec-
tively. However, the 5-year rates among patients
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with low serum GP73 levels were 80.9% and
85.1%, respectively. All these finding suggested
that serum GP73 levels at LT-6Month is an
independent predictor of both overall survival
and recurrence-free survival of HCC patients
undergoing LT. Thus, monitor the serum GP73
levels of liver transplantation recipients could
be important for patients’ prognosis, especially
for those with normal serum AFP levels.

For the predictive of HCC recurrence, the sensi-
tivity and specificity of GP73 was 72.7% and
81.2%, while those of AFP was only 63.6% and
73.5%, respectively (Figure 2C). Thus, the per-
formance of GP73 as determined by ROC was
found to be better than AFP. These data sug-
gested that GP73 may be more advantageous
than AFP in predicting HCC recurrence. Pre-LT
serum AFP could be used as a prognostic fac-
tor to predict tumor recurrence after LT. How-
ever, contrary to AFP, the liver transplantation
patients have a good prognosis only when the
serum GP73 levels were steady low at least 6
months post operation, pre-LT serum GP73 lev-
els and serum GP73 level at LT-3Month could
neither predict mortality nor HCC recurrence.
Moreover, there are no statistically significant
differences between pre-LT serum GP73 levels
and serum GP73 levels at LT-6Month. Wang
et al [17, 25] showed that in a few HCC pa-
tients, the GP73 levels were not markedly low-
er a week after surgical resection, but became
lower 1.5-2 years after surgery. But, AFP levels
usually decrease substantially within a week
postresection. These results demonstrate that
serum GP73 levels change slower than serum
AFP levels.

The reason by which the serum GP73 levels at
LT-6Month were possibly related to the progno-
sis of liver transplantation is still unrevealed.
Chen et al [26] showed that increased expres-
sion of GP73 promotes proliferation and migra-
tion of HCC cell lines and growth of xenograft
tumors in mice. Suppressing GP73 either by
small hairpin RNA or antibody results in de-
creased cell malignant transformation, delay-
ed tumorigenesis of xenografts, prolonged sur-
vival of tumor-bearing mice, or reduced metas-
tasis. Thus, enhanced GP73 expression contri-
butes to the development of HCC and post-
transplantation hepatic injury may be an im-
portant determinant for the survival of HCC
recipients. Several studies have revealed that
the downregulation of autophagy observed in
cancer cells was associated with tumor pro-
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gression, and autophagy was well documented
as a tumor suppression mechanism [27-29],
particularly in hepatocellular carcinoma [30,
31]. Zhou et al [29] reported that GP73 may
play an important role in the inhibitory regula-
tion of autophagy. This finding suggests a new
molecular mechanism for GP73-related hepa-
toma progression. To some extent, this may
explain the role of GP73 in HCC metastasis
and the prognosis of liver transplant patients.
However, the concrete mechanism need to be
further studied.

In conclusion, the present study demonstrated
that serum GP73 levels at LT-6Month could be
a useful preoperative predictor of tumor recur-
rence and survival following liver transplanta-
tion for HCC.
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