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Relationship between the Level of Serum Golgi Protein 73
and the Risk of Short-term Death in Patients with ALD-ACLF
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Abstract

Background and Aims: As a hepatocellular carcinoma bio-
marker, serum Golgi protein 73 (GP73) is reportedly related
to inflammation. Acute-on-chronic liver failure (ACLF) is char-
acterized by severe systemic inflammation. In this study, we
aimed to explore the association between the GP73 level and
short-term mortality in patients with alcohol-associated liver
disease-related ACLF (ALD-ACLF). Methods: This retrospec-
tive cohort study involved 126 Chinese adults with ALD-ACLF.
Baseline serum GP73 level was measured using enzyme-
linked immunosorbent assay. Patients were followed-up for
90 d and outcomes were assessed. Data were analyzed using
multivariate Cox regression and piecewise linear regression
analyses. The predictive value of GP73 and classic models for
the short-term prognosis of participants were evaluated and
compared using receiver operating characteristic curves. Re-
sults: The serum GP73 level was independently associated
with an increased mortality risk in patients with ALD-ACLF.
Compared with the lowest tertile, the highest serum GP73
level predisposed patients with ALD-ACLF to a higher mortal-
ity risk in the fully adjusted model [at 28 days: hazard ratio
(HR): 4.29 (0.99-18.54), p=0.0511; at 90 days: HR: 3.52
(1.15-10.79), p=0.0276]. Further analysis revealed a posi-
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tive linear association. GP73 significantly improved the ac-
curacy of the Child-Turcotte-Pugh score, model for end-stage
liver disease score, and model for end-stage liver disease-
sodium score in predicting short-time prognosis of patients
with ALD-ACLF. Conclusions: The serum GP73 level is a sig-
nificant predictor of the subsequent risk of death in patients
with ALD-ACLF. GP73 improved the predictive value of classic
prognostic scores.
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Golgi Protein 73 and the Risk of Short-term Death in Patients
with ALD-ACLF. J Clin Transl Hepatol 2022;10(3):449-457.
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Introduction

Acute-on-chronic liver failure (ACLF) is a severe clinical syn-
drome, characterized by acute deterioration of the liver func-
tion in patients with pre-existing chronic liver disease with
increased short-term (28-90 day) mortality.1* Nonethe-
less, some patients with ACLF may recover after receiving
adequate care.>~® However, in other patients, liver trans-
plantation may be the only life-saving treatment; although,
it imposes a heavy economic and psychological burden.>°
Early identification of patients with a dismal prognosis helps
reduce costs, facilitates more rational implementation of or-
gan allocation, and improves the overall survival of patients
with ACLF. Currently, there are various prognostic scores0-12
available based on biochemical data and complications to
predict the short-term prognosis of ACLF patients, albeit with
limited prognostic biomarkers. Pathophysiological biomark-
ers for ACLF may help increase our understanding of ACLF
pathogenesis, improve the predictive ability of these prog-
nostic scores, and recognize and develop strategies for the
rational treatment of ACLF in the future.

Golgi protein 73 (GP73) is a 73-kDa type II Golgi trans-
membrane glycoprotein expressed primarily in biliary epi-
thelial cells.!3 Under normal conditions, GP73 is expressed
at baseline levels in hepatocytes and serum, but significant-
ly upregulated in liver diseases.!3 GP73 was considered a
serum marker for hepatocellular carcinoma (HCC).14-16 In

Copyright: © 2022 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.
“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/JCTH.2020.00133 and can also be viewed
on the Journal’s website at http://www.jcthnet.com”.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/JCTH.2020.00133
https://crossmark.crossref.org/dialog/?doi=10.14218/JCTH.2020.00133&domain=pdf&date_stamp=2022-01-04
https://orcid.org/0000-0001-8805-3278
https://orcid.org/0000-0002-5341-1714
https://orcid.org/0000-0003-0588-3976
https://orcid.org/0000-0002-4434-9541
https://orcid.org/0000-0003-0956-3937
https://orcid.org/0000-0002-4655-7109
https://orcid.org/0000-0002-7259-0885
https://orcid.org/0000-0002-1528-032X
https://orcid.org/0000-0001-9658-0713
https://orcid.org/0000-0003-2967-5573
https://orcid.org/0000-0003-1195-1744
https://orcid.org/0000-0002-1832-3209
https://orcid.org/0000-0002-0647-9898
https://orcid.org/0000-0002-0647-9898
https://orcid.org/0000-0002-0647-9898
mailto:13910020608@163.com
https://orcid.org/0000-0002-1832-3209
mailto:lu.fengmin@hsc.pku.edu.cn

126 ALD- ACLF hospitalized patients
were screened between 2011-2015
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\

26 Patients were excluded for the following reasons:
16 were hepatic or extra-hepatic malignancy
4 were with severe extra-hepatic diseases
4 were lack of complete records or the length of stay less than 24h
2 were excluded for lack of serum sample

\

100 patients were enrolled and included
in analysis population

At 28 days:
11 lost of follw-up; 1 liver transplantation

At 90 days:
16 lost of follw-up; 3 liver transplantation

Y

Transplant-free survival rate:
28-day: 75.3%
90-day: 61.6%

Fig. 1. Flowchart of screening and recruitment of patients with ALD-ACLF.

recent years, it has been reported to play an important role
in liver inflammation and fibrosis.17-19 The pathologic condi-
tion of ACLF is characterized by severe liver necroinflamma-
tion in pre-existing non-cirrhotic or compensatory cirrhotic
liver disease. To date, information available regarding GP73
in patients with ACLF is limited; however, its serum level is
significantly higher in ACLF than in other chronic liver dis-
eases, so that it is considered a potent serological marker
for diagnosing ACLF.20.21

The association between GP73 and ACLF prognosis re-
mains to be fully clarified in the literature. Excessive alco-
hol consumption is one of the most frequent events precipi-
tating ACLF. It is dominant in patients with ACLF in western
countries, and the proportion of patients is also gradually in-
creasing in eastern countries.?2 In this study, we aimed to
investigate the association between the serum GP73 level and
short-term mortality in patients with alcohol-associated liver
disease-related ACLF (ALD-ACLF) and to evaluate its predic-
tive value.

Methods
Patients

In total, 126 hospitalized patients with ALD-ACLF were ret-
rospectively and consecutively screened at the Fifth Medical
Center of Chinese PLA General Hospital from January 2011
to December 2015. The enrolment criteria for the patients
with ALD were as follows:23 1) regular alcohol consumption
of >20 g/day in females and >30 g/day in males, together

with the presence of clinical and/or biological abnormali-
ties suggestive of liver injury; and 2) absence of evidence
of viral hepatitis, autoimmune liver disease, drug-induced
liver disease, and metabolic liver disease. The diagnostic
criteria of ACLF followed the Asian-Pacific Association for
the Study of the Liver (APASL)-ACLF consensus. The exclu-
sion criteria for patients were as follows: 1) age less than
18 years; 2) severe extra-hepatic diseases; 3) suspected or
confirmed hepatic or extra-hepatic malignancy; 4) pregnan-
cy; 5) hospitalization for less than 24 h; or 6) no remaining
serum sample after laboratory analysis. Consequently, 100
patients were ultimately enrolled in the study.

The screening and enrollment processes are summarized
in Figure 1. Pre-existing chronic liver disease included non-
cirrhosis (hepatitis) and cirrhosis. Cirrhosis was diagnosed
on the basis of history, liver biopsy, laboratory analysis,
endoscopic findings (esophageal and gastric varices), and
ultrasonographic and radiological imaging of portal hyper-
tension and/or liver nodularity.2*

This study was approved by the Ethics Committee of the
Fifth Medical Center of Chinese PLA General Hospital (No.
2019017D). The ethics committee waived the requirement
of patient consent because data were analyzed anonymous-
ly and the retrospective nature of the study did not com-
promise the health, safety, and privacy of the patients. The
study was conducted in accordance with the tenets of the
2013 Helsinki Declaration.

Data collection, follow-up, and end-point

The clinical data obtained at enrollment were demographic
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characteristics, pre-existing liver disease, and laboratory in-
dicators [e.g., white blood cell (WBC) count, hemoglobin lev-
el, blood platelet count, albumin (ALB), total bilirubin (TBil),
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase, y-glutamyl transferase, cre-
atinine, total cholesterol, sodium, alpha-fetoprotein and
PTA(prothrombin activity) levels, and the international
standardization ratio (INR)]. Complications including ascites,
infection, acute kidney injury (AKI), hepatic encephalopathy
(HE), and gastrointestinal hemorrhage were evaluated. Fur-
thermore, the Child-Turcotte-Pugh (CTP) score, (10) Model
for End-Stage Liver Disease (MELD) score, (11) and MELD-
sodium (MELD-Na) score (12) were determined.

Patients were followed-up for 90 days. Patient death
was the primary endpoint. Prognostic data of patients dis-
charged from the hospital were verified through the assess-
ment of medical records, telephone contacts, or visits.

In total, 126 patients with ALD-ACLF were screened;
among them, 26 were excluded and 100 were included
in the final study population. During the 90-day follow-
up, three patients underwent transplantation and sixteen
were lost to follow-up (Fig. 1). Patients who received a liver
transplant were considered lost to follow-up.

Measurement of serum GP73 level

Blood samples, to obtain serum, were collected at enrollment
and stored at —80°C until analysis. Serum GP73 was quan-
tified in accordance with the manufacturer’s protocol for a
commercially available double-antibody sandwich enzyme-
linked immunosorbent assay (ELISA) kit (Hotgen Biotech
Inc., Beijing, China).

Clinical data and serum GP73 level were assessed in a
blinded manner.

Statistical analysis

Serum GP73 level was divided into three tertiles (T1, T2,
and T3) in an ascending order. The serum GP73 level was
simultaneously analyzed as a continuous variable in the
three tertile groups. Continuous variables are expressed as
meanzstandard deviation (normal distribution) or median
(interquartile range [IQR]) (skewed distribution). Categori-
cal variables are expressed as count and percentage in each
group and among the groups. The differences among the
tertiles of GP73 were assessed using the one-way ANO-
VA (normal distribution) or Kruskal-Wallis rank sum test
(skewed distribution) for continuous variables and the chi-
squared test for categorical variables. Patients lost to fol-
low-up or those receiving a liver transplant contributed to
censored data. Cox proportional hazard models were used
for the multivariate analysis to assess hazard ratio (HR) and
the 95% confidence interval (CI) for the risk of death at 28
and 90 days. Both non-adjusted and multivariate-adjusted
models were used. We compared the changes in regression
coefficients by adding covariates to the basic model or elim-
inating the covariates individually in the complete model
of Cox regression. Covariates with a change in regression
coefficient of >10% were selected as adjustment variables
for the final model (Model 3). The linear trend test was per-
formed using the median value of each tertile of GP73 as a
continuous variable in the models. Crude cumulative inci-
dence across GP73 tertiles was examined using Kaplan-Mei-
er curves. The relationship between the GP73 level and log-
transformed values of the relative risk of short-time death
was assessed using the smoothing function. We conducted
a log-likelihood ratio test to compared the one-line linear
model with two-piecewise linear regression models. Fur-

thermore, the receiver operating characteristic (ROC) curve
was used to evaluate the predictive value of various models
for the short-term prognosis of patients with ALD-ACLF.

All statistical tests were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA), GraphPad Prism ver-
sion 7.00 (GraphPad Software Inc., La Jolla, CA, USA), sta-
tistical package R version 3.4.3 (The R Foundation, Vienna,
Austria), and EmpowerStats (X&Y Solutions, Inc., Boston,
MA, USA). Results with two-sided p-values of <0.05 were
considered statistically significant.

Results

Baseline characteristics of patients with ALD-ACLF
and the serum GP73 level

In total, 100 patients with ALD-ACLF were included in the
study (Fig. 1). Table 1 summarizes the demographic and
clinical parameters of the study participants, classified in ac-
cordance with the serum GP73 tertiles (T) as follows: T1:
135.72-212.30 ng/mL; T2: 213.04-268.83 ng/mL; and
T3: 271.68-414.88 ng/mL. The mean age of participants
was 43.88+7.86 years and most participants (94 subjects,
94.00%) were male. Furthermore, 94% of patients with ALD-
ACLF had the basis of compensatory liver cirrhosis; a similar
proportion was observed in each group (p>0.05). The serum
GP73 level was directly proportional to the TBil, AST, and
creatinine levels and inversely proportional to the ALB level
(p<0.05). The CTP, MELD and MELD-Na scores and the propor-
tion of infection and AKI at baseline were significantly higher
among participants with increased GP73 level (p<0.05). The
baseline characteristics are well-balanced between patients in
the study and those lost to follow up at 90 days. The statistical
analyses are described in Supplementary Table 1.

Association between the serum GP73 level and short-
term mortality in patients with ALD-ACLF

During the follow-up period, 23 and 34 deaths occurred within
28 days and 90 days, respectively. The cumulative survival
rate of each group was 90.6% (T1), 73.0% (T2), and 61.6%
(T3) at 28 days and 83.6% (T1), 49.7% (T2), and 50.1% (T3)
at 90 days. Kaplan-Meier curves showed that the cumulative
survival rate was the highest in patients within the lowest ter-
tile of GP73 (T1), followed by those within tertiles T2 and T3
(p=0.007 at 28 days and P=0.005 at 90 days) (Fig. 2).

As a continuous variable, the baseline GP73 level inde-
pendently and significantly positively correlated with the
risk for short-term death at both 28 days (HR: 1.01 [1.00-
1.02], p=0.0097) and 90 days (HR: 1.01 [1.00-1.02],
p=0.0074) after adjusting for the potential confounders of
age, sex, pre-existing liver disease, WBC and PLT counts,
ALB, TBil, and PTA levels, and ascites, infection, AKI, and
HE presence (Model 3). The same trend was observed in the
crude models (Model 1 and Model 2). In Model 3, the HR
of GP73 for the mortality risk within 28 days in groups T2
and T3 was 2.93 (0.68-12.69) and 4.29 (0.99-18.54), re-
spectively, compared with that in group T1 (p;,q=0.0505).
Furthermore, the HR for the mortality risk at 90 days was
3.82 (1.24-11.76) and 3.52 (1.15-10.79), respectively
(Pyreng=0.0351). Details are provided in Table 2.

Threshold effect analysis of GP73 on the risk of short-
term death in patients with ALD-ACLF

Smoothing function analysis was performed to investigate
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Fig. 2. Kaplan-Meier curves showing the short-term probability of 28-
day (A) and 90-day (B) survival among patients with ALD-ACLF strati-
fied into tertiles in accordance with the serum GP73 level.

the presence of a dose-response relationship between the
level of GP73 and the risk of short-term death in partici-
pants. After adjusting for potential confounders, an approxi-
mate linear relationship between the serum GP73 level and
short-term mortality risk in patients with ALD-ACLF was
observed; although, it seemed to represent a segmenta-
tion effect (below and above 260 ng/mL) (Fig. 3). Further
threshold effect analysis showed that there was no statis-
tical significance between the segments, and the positive
linear correlation between the level of GP73 and the risk
of short-term death in ALD-ACLF was verified (HR: 1.01
[1.00-1.02], p=0.0097 at 28 days; HR: 1.01 [1.00-1.02],
p=0.0074 at 90 days) (Table 3).

Short-term prognostic value of serum GP73 in pa-
tients with ALD-ACLF

GP73 was compared with the existing classical prognostic
scores, namely the CTP, MELD, and MELD-Na score. The
area under the (AU)ROC for GP73 was 0.739 and 0.711 for
the 28-day and 90-day mortality, respectively. As a single

Table 2. Association between the serum GP73 level and short-term mortality in patients with ALD-ACLF

Model 2 Model 3

Model 1

Crude model

Items

28-day mortality

1.01 (1.00, 1.02) 0.0015 1.01 (1.00, 1.02) 0.0014 1.01 (1.00, 1.02) 0.0010 1.01 (1.00, 1.02) 0.0097

GP73 in ng/mL
GP73 tertile
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GP73 tertile

T1

3.82 (1.24, 11.76) 0.0196
3.52 (1.15, 10.79) 0.0276

0.0351

3.64 (1.30, 10.20) 0.0141
4.23 (1.52, 11.77) 0.0058

0.0054

3.80 (1.35, 10.65) 0.0112
4.09 (1.47, 11.36) 0.0069

0.0071

3.53 (1.27, 9.84) 0.0156
4.08 (1.48, 11.24) 0.0066

0.0063

T2

T3

Ptrend

Data are presented as HR (95%CI). Model 1 was adjusted for age and sex; Model 2 was adjusted for Model 1+4pre-existing chronic liver disease; Model 3 was adjusted for Model II+WBC and platelet counts, ALB,

TBil and PTA levels, and ascites, infection, AKI, and HE presence.
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Fig. 3. Association between the serum GP73 level and the risk of 28-day (A) and 90-day (B) mortality among patients with ALD-ACLF. Red line indicates
the estimated mortality risk, and blue lines represent pointwise 95% ClIs adjusted for age, sex, pre-existing liver disease, WBC and platelet counts, ALB, TBil and PTA

levels , and ascites, infection, AKI, and HE presence.

index, GP73 showed a similar or better predictive power
than the classical prognostic scores; although, there was no
significant difference among them (all p>0.05). Addition-
ally, after combining with GP73, the short-time mortality
predictive power of the CTP, MELD, and MELD-Na scores im-
proved significantly (at 28 days: "CTP+GP73"” vs. CTP yield-
ed 0.763 vs. 0.666 [p=0.1007], “MELD+GP73"” vs. MELD
yielded 0.826 vs. 0.783 [p=0.2235], and “MELD-Na+GP73"
vs. MELD-Na yielded 0.788 vs. 0.734 [p=0.2159]; at
90 days: “CTP+GP73” vs. CTP yielded 0.731 vs. 0.663
[p=0.1865], “MELD+GP73” vs. MELD yielded 0.737 vs.
0.671 [p=0.1980], “MELD-Na+GP73"” vs. MELD-Na yielded
0.755 vs. 0.671 [p=0.1950]) (Fig. 4).

Discussion

The findings of this study show that the serum GP73 level
is an independent prognostic factor for short-term mortal-
ity in patients with ALD-ACLF. Additionally, the combination
of GP73 and classical prognostic scores (CTP, MELD, and
MELD-Na) was able to increase the predictive potential of
short-term mortality in patients with ALD-ACLF.

In this study, the association between the serum GP73
level and short-term prognosis of patients with ALD-ACLF
was investigated from multiple perspectives. First, the serum
GP73 level, as both continuous variable and three-tertile ar-

ray, positively correlated with the short-term mortality risk
of patients with ALD-ACLF. Thereafter, upon adjusting for
potential confounders, including age, sex, pre-existing liver
disease, WBC and PLT counts, ALB, TBil and PTA levels, as-
cites, infection, AKI, and HE, three other models were gen-
erated to further verify this positive correlation. This specu-
lation was re-confirmed via subsequent smoothing function
analysis and two-piecewise linear regression models. Finally,
this study revealed that the mortality risk increased with an
increase in the serum GP73 level, indicating that GP73 may
be a potential serum marker for the prognosis of ALD-ACLF.

GP73 is a Golgi transmembrane glycoprotein that is
cleaved and secreted into the extracellular space, and is
detectable in serum or cell culture supernatants.25:26 Ini-
tially, GP73 was considered an HCC marker. As such, GP73
upregulation has been assessed previously in tissues af-
fected by HCC through immunohistochemical analysis, sug-
gesting that GP73 is involved in cell proliferation,8:19.27
concurrent with the findings of previous studies.15:28-32 Tt
has been reported that the serum GP73 level in healthy
children decreased with age, with infants displaying the
highest levels and indicating that GP73 is potentially as-
sociated with active hepatocyte proliferation or differentia-
tion.33 Furthermore, GP73 is expressed in activated hepatic
stellate cells34 and cirrhotic liver tissues,819 indicating that
GP73 is expressed during cell proliferation. However, serum
GP73 is reportedly associated with hepatocellular injury and
positively correlated with the severity of liver necroinflam-

Table 3. Threshold effect analysis of GP73 on short-term mortality among patients with ALD-ACLF

28-day mortality

90-day mortality

Outcomes
HR (95% CI) p-value HR (95% CI) p-value
One-line linear regression model 1.01 (1.00, 1.02) 0.0097 1.01 (1.00, 1.02) 0.0074
Two-piecewise linear regression model
GP73 <260 ng/mL 1.02 (1.00, 1.04) 0.0452 1.01 (1.00, 1.03) 0.0611
GP73 2260 ng/mL 1.01 (0.99, 1.02) 0.4800 1.01 (0.99, 1.02) 0.5899

Log likelihood ratio test 0.336

0.584

Adjusted for age, sex, pre-existing chronic liver disease, WBC and platelet counts, ALB, TBil and PTA levels, and ascites, infection, AKI, and HE presence.
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MELD-NA 0.734 7391 67.70 44.70 88.00
GP73+CTP 0.763 87.00 55.40 40.80 93.20
GP73+MELD 0.826 87.00 66.20 47.60 93.50
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90d prognosis
GP73 0.711 85.29 48.94 54.70 82.10
CTP 0.663 55.88 72.34 59.40 69.40
MELD 0.671 47.06 82.98 66.70 68.40
MELD-NA 0.702 61.76 76.60 65.60 73.50
GP73+CTP 0.731 76.47 S59.57 57.80 77.80
GP73+MELD 0.737 76.47 68.09 63.40 80.00
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Fig. 4. Discrimination ability of GP73, classic scoring models, and GP73 plus classic scoring models to predict the prognosis of patients with ALD-ACLF
at 28 days (A) and 90 days (B). (C) Indicators of predictive ability of prognostic models.

mation,17:34-39 potentially indicating that GP73 significantly
contributes to cellular necroinflammation. Furthermore, the
elevated level of GP73 in patients with HCC is much lower
than that in patients with ACLF or hepatitis.

ACLF has a complex pathophysiology, characterized by
a short-term massive liver cell necrosis based on chronic
liver injury.! Serum GP73 in patients with ACLF originates
from the leakage or release of intracellular GP73 caused
by hepatic tissue necrosis and the activation and prolifera-
tion of hepatic parenchymal cells. In contrast to ALT, which
exists mainly in the cytoplasm and can remain unchanged

or be mildly elevated when patients suffer from severe he-
patic necroinflammation, GP73 is located on the Golgi ap-
paratus, and its elevation indicates more serious damage
involving organelles. Therefore, it could be speculated that
the increased serum level of GP73 observed in our study’s
patients with ALD-ACLF is related, at least partially, to the
inflammatory state characteristic and the injury of hepato-
cytes. The higher the serum GP73 level, the more severe
the liver damage, and therefore the worse the prognosis.
In the present study, the serum GP73 level positively cor-
related with the mortality risk in patients with ALD-ACLF,
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probably because GP73 baseline upregulation indicates the
severity of chronic liver disease. Since serum GP73 is up-
regulated in ACLF, it has potential to indicate an increased
risk of mortality. Based on this finding, we evaluated the
predictive power of GP73 for short-term prognosis in pa-
tients with ALD-ACLF. In accordance with previous results,
the combination of GP73 with the classical scoring systems
of CTP, MELD, and MELD-Na increased the predictive poten-
tial for short-term mortality in the patients with ALD-ACLF.
Liver transplantation is performed according to the MELD
score in many countries.!! Thus, the use of GP73 togeth-
er with MELD score may help ameliorate clinical decisions
about liver allocation and transplantation.

In summary, this study revealed a positive linear associa-
tion between GP73 and short-term mortality risk in patients
with ALD-ACLF. The serum GP73 level may add prognostic
value to the classical scores to assess prognosis of patients
with ALD-ACLF. These findings suggest that GP73 is a po-
tential prognostic marker for ALD-ACLF and is potentially
associated with liver necroinflammation in ALD-ACLF. We
believe that the findings of this study are of interest from a
clinical perspective. The serum GP73 level could be valuable
in monitoring the progression of ALD-ACLF in clinical prac-
tice. Moreover, it could help in risk stratification of patients
with ALD-ACLF admitted to hospital.

Nevertheless, there were some limitations to the current
study. First, there are various methods to detect GP73, such
as ELISA and monoclonal antibody-based latex-enhanced
immunoturbidimetric assay; further study is needed to find
the most suitable method. Second, due to lack of lactic acid
data, the APASL-ACLF research consortium (AARC) score
could not be calculated and compared with GP73 and other
prognostic scores. Finally, the outcomes of this study were
derived from patients with ALD-ACLF recruited in a single
liver-transplantation center. These findings should be fur-
ther confirmed in future studies with a larger cohort and in
multi-center investigations and experimental studies.

Funding

This work was supported by a grant from the Capital’s Funds
for Health Improvement and Research, China (NO.2020-1-
5031).

Conflict of interest

FL has been an editorial board member of Journal of Clini-
cal and Translational Hepatology since 2013. Other authors
have no conflict of interests related to this publication.

Author contributions

Study concept and design (JH, FL, JT), acquisition of data
T, MY, XM, LW, XW, XZ, XX, YW, JC, CG), analysis and
interpretation of data (JT), drafting of the manuscript (JT),
and critical revision of the manuscript (JH, FL,MY).

Data sharing statement
All data are available upon reasonable request.

References

[1] Sarin SK, Choudhury A, Sharma MK, Maiwall R, Al Mahtab M, Rahman S, et
al. Acute-on-chronic liver failure: consensus recommendations of the Asian

Tong J. et al: Serum GP73 level and ALD-ACLF prognosis

Pacific association for the study of the liver (APASL): an update. Hepatol
Int 2019;13(4):353-390. doi:10.1007/s12072-019-09946-3.

[2] Jalan R, Gines P, Olson JC, Mookerjee RP, Moreau R, Garcia-Tsao G, et
al. Acute-on chronic liver failure. J Hepatol 2012;57(6):1336-1348.
doi:10.1016/j.jhep.2012.06.026.

[3] Bernal W, Jalan R, Quaglia A, Simpson K, Wendon J, Burroughs A. Acute-on-
chronic liver failure. Lancet 2015;386(10003):1576-1587. doi:10.1016/
S0140-6736(15)00309-8.

[4] Sarin SK, Choudhury A. Acute-on-chronic liver failure: terminology, mech-
anisms and management. Nat Rev Gastroenterol Hepatol 2016;13(3):131-
149. doi:10.1038/nrgastro.2015.219.

[5] Jalan R, Yurdaydin C, Bajaj JS, Acharya SK, Arroyo V, Lin HC, et al. Toward
an improved definition of acute-on-chronic liver failure. Gastroenterology
2014;147(1):4-10. doi:10.1053/j.gastro.2014.05.005.

[6] Gustot T, Fernandez ], Garcia E, Ginés P, Moreau R, Jalan R, et al. Short-
term (28-day) clinical course and transplant-free mortality in acute-on-
chronic liver failure (ACLF): evidence for reversibility of ACLF (a study from
the CANONIC database). ] Hepatol 2014;60:5228. doi:10.1016/S0168-
8278(14)60638-3.

[7] Duseja A, Choudhary NS, Gupta S, Dhiman RK, Chawla Y. APACHE II
score is superior to SOFA, CTP and MELD in predicting the short-term
mortality in patients with acute-on-chronic liver failure (ACLF). J Dig Dis
2013;14(9):484-490. doi:10.1111/1751-2980.12074.

[8] Duseja A, Singh SP. Toward a better definition of acute-on-chronic liver
failure. J Clin Exp Hepatol 2017;7(3):262-265. doi:10.1016/j.jceh.2017.
05.002.

[9] Olson JC, Wendon JA, Kramer DJ, Arroyo V, Jalan R, Garcia-Tsao G, et al.
Intensive care of the patient with cirrhosis. Hepatology 2011;54(5):1864-
1872. doi:10.1002/hep.24622.

[10] Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transec-
tion of the oesophagus for bleeding oesophageal varices. Br ] Surg
1973;60(8):646-649. doi:10.1002/bjs.1800600817.

[11] Kamath PS, Kim WR. The model for end-stage liver disease (MELD). Hepa-
tology 2007;45(3):797-805. doi:10.1002/hep.21563.

[12] Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT,
et al. Hyponatremia and mortality among patients on the liver-transplant
waiting list. N Engl J Med 2008;359(10):1018-1026. doi:10.1056/NEJ-
Moa0801209.

[13] Kladney RD, Bulla GA, Guo L, Mason AL, Tollefson AE, Simon DJ, et al.
GP73, a novel Golgi-localized protein upregulated by viral infection. Gene
2000;249(1-2):53-65. doi:10.1016/s0378-1119(00)00136-0.

[14] Marrero JA, Romano PR, Nikolaeva O, Steel L, Mehta A, Fimmel CJ, et al.
GP73, a resident Golgi glycoprotein, is a novel serum marker for hepa-
tocellular carcinoma. J Hepatol 2005;43(6):1007-1012. doi:10.1016/j.
jhep.2005.05.028.

[15] Chen X, Wang Y, Tao ], Shi Y, Gai X, Huang F, et al. mTORC1 up-regu-
lates GP73 to promote proliferation and migration of hepatocellular car-
cinoma cells and growth of xenograft tumors in mice. Gastroenterology
2015;149(3):741-752.e14. doi:10.1053/j.gastro.2015.05.005.

[16] Mao Y, Yang H, Xu H, Lu X, Sang X, Du S, et al. Golgi protein 73
(GOLPH2) is a valuable serum marker for hepatocellular carcinoma. Gut
2010;59(12):1687-1693. doi:10.1136/gut.2010.214916.

[17] Tian L, Wang Y, Xu D, Gui J, Jia X, Tong H, et al. Serological AFP/Golgi
protein 73 could be a new diagnostic parameter of hepatic diseases. Int J
Cancer 2011;129(8):1923-1931. doi:10.1002/ijc.25838.

[18] Liu T, Yao M, Liu S, Wang L, Wang L, Hou J, et al. Serum Golgi protein 73 is
not a suitable diagnostic marker for hepatocellular carcinoma. Oncotarget
2017;8(10):16498-16506. doi:10.18632/oncotarget.14954.

[19] Yao M, Wang L, Leung PSC, LiY, Liu S, Wang L, et al. The clinical significance
of GP73 in immunologically mediated chronic liver diseases: Experimental
data and literature review. Clin Rev Allergy Immunol 2018;54(2):282-294.
doi:10.1007/s12016-017-8655-y.

[20] Zhou N, Wang K, Fang S, Zhao X, Huang T, Chen H, et al. Discovery of a
potential plasma protein biomarker panel for acute-on-chronic liver fail-
ure induced by hepatitis B virus. Front Physiol 2017;8:1009. doi:10.3389/
fphys.2017.01009.

[21] Wei H, Zhang J, Li H, Ren H, Hao X, Huang Y. GP73, a new marker for diag-
nosing HBV-ACLF in population with chronic HBV infections. Diagn Microbi-
ol Infect Dis 2014;79(1):19-24. doi:10.1016/j.diagmicrobio.2014.01.008.

[22] Gustot T, Jalan R. Acute-on-chronic liver failure in patients with alcohol-
related liver disease. J Hepatol 2019;70(2):319-327. doi:10.1016/j.jhep.
2018.12.008.

[23] European Association for the Study of the Liver. EASL Clinical Prac-
tice Guidelines: Management of alcohol-related liver disease. J Hepatol
2018;69(1):154-181. doi:10.1016/j.jhep.2018.03.018.

[24] Wu T, Li J, Shao L, Xin J, Jiang L, Zhou Q, et al. Development of diag-
nostic criteria and a prognostic score for hepatitis B virus-related acute-
on-chronic liver failure. Gut 2018;67(12):2181-2191. doi:10.1136/gutjnl-
2017-314641.

[25] Bachert C, Fimmel C, Linstedt AD. Endosomal trafficking and proprotein
convertase cleavage of cis Golgi protein GP73 produces marker for hepa-
tocellular carcinoma. Traffic 2007;8(10):1415-1423. doi:10.1111/j.1600-
0854.2007.00621.x.

[26] Jin D, Tao J, Li D, Wang Y, Li L, Hu Z, et al. Golgi protein 73 activation
of MMP-13 promotes hepatocellular carcinoma cell invasion. Oncotarget
2015;6(32):33523-33533. doi:10.18632/oncotarget.5590.

[27] Sun Y, Yang H, Mao Y, Xu H, Zhang J, Li G, et al. Increased Golgi protein
73 expression in hepatocellular carcinoma tissue correlates with tumor ag-
gression but not survival. J Gastroenterol Hepatol 2011;26(7):1207-1212.
doi:10.1111/.1440-1746.2011.06733.x.

[28] Liu Y, Zhang X, Sun T, Jiang J, Li Y, Chen M, et al. Knockdown of Golgi phos-

456 Journal of Clinical and Translational Hepatology 2022 vol. 10(3) | 449-457


https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.1016/j.jhep.2012.06.026
https://doi.org/10.1016/S0140-6736(15)00309-8
https://doi.org/10.1016/S0140-6736(15)00309-8
https://doi.org/10.1038/nrgastro.2015.219
https://doi.org/10.1053/j.gastro.2014.05.005
https://doi.org/10.1016/S0168-8278(14)60638-3
https://doi.org/10.1016/S0168-8278(14)60638-3
https://doi.org/10.1111/1751-2980.12074
https://doi.org/10.1016/j.jceh.2017.05.002
https://doi.org/10.1016/j.jceh.2017.05.002
https://doi.org/10.1002/hep.24622
https://doi.org/10.1002/bjs.1800600817
https://doi.org/10.1002/hep.21563
https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1056/NEJMoa0801209
https://doi.org/10.1016/s0378-1119(00)00136-0
https://doi.org/10.1016/j.jhep.2005.05.028
https://doi.org/10.1016/j.jhep.2005.05.028
https://doi.org/10.1053/j.gastro.2015.05.005
https://doi.org/10.1136/gut.2010.214916
https://doi.org/10.1002/ijc.25838
https://doi.org/10.18632/oncotarget.14954
https://doi.org/10.1007/s12016-017-8655-y
https://doi.org/10.3389/fphys.2017.01009
https://doi.org/10.3389/fphys.2017.01009
https://doi.org/10.1016/j.diagmicrobio.2014.01.008
https://doi.org/10.1016/j.jhep.2018.12.008
https://doi.org/10.1016/j.jhep.2018.12.008
https://doi.org/10.1016/j.jhep.2018.03.018
https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1111/j.1600-0854.2007.00621.x
https://doi.org/10.1111/j.1600-0854.2007.00621.x
https://doi.org/10.18632/oncotarget.5590
https://doi.org/10.1111/j.1440-1746.2011.06733.x

Tong J. et al: Serum GP73 level and ALD-ACLF prognosis

phoprotein 2 inhibits hepatocellular carcinoma cell proliferation and motili-
ty. Oncotarget 2016;7(16):21404-21415. doi:10.18632/oncotarget.7271.

[29] Zhang YL, Zhang YC, Han W, Li YM, Wang GN, Yuan S, et al. Effect of
GP73 silencing on proliferation and apoptosis in hepatocellular cancer.
World J Gastroenterol 2014;20(32):11287-11296. doi:10.3748/wjg.v20.
i32.11287.

[30] Zhao J, Xu T, Wang F, Cai W, Chen L. miR-493-5p suppresses hepatocellular
carcinoma cell proliferation through targeting GP73. Biomed Pharmacother
2017;90:744-751. doi:10.1016/j.biopha.2017.04.029.

[31] Wei H, Li B, Zhang R, Hao X, Huang Y, Qiao Y, et al. Serum GP73, a marker
for evaluating progression in patients with chronic HBV infections. PLoS
One 2013;8(2):e53862. doi:10.1371/journal.pone.0053862.

[32] Ye QH, Zhu WW, Zhang JB, Qin Y, Lu M, Lin GL, et al. GOLM1 modulates
EGFR/RTK cell-surface recycling to drive hepatocellular carcinoma metas-
tasis. Cancer Cell 2016;30(3):444-458. doi:10.1016/j.ccell.2016.07.017.

[33] Liu L, Wang J, Feng J, Yao M, Hao C, You Y, et al. Serum Golgi protein 73 is a
marker comparable to APRI for diagnosing significant fibrosis in children with
liver disease. Sci Rep 2018;8(1):16730. doi:10.1038/s41598-018-34714-y.

[34] Iftikhar R, Kladney RD, Havlioglu N, Schmitt-Graff A, Gusmirovic I, Solo-

mon H, et al. Disease- and cell-specific expression of GP73 in human liver
disease. Am J Gastroenterol 2004;99(6):1087-1095. doi:10.1111/j.1572-
0241.2004.30572.x.

[35] Wright LM, Huster D, Lutsenko S, Wrba F, Ferenci P, Fimmel CJ. Hepato-
cyte GP73 expression in Wilson disease. J Hepatol 2009;51(3):557-564.
doi:10.1016/j.jhep.2009.05.029.

[36] Maitra A, Thuluvath PJ. GP73 and liver disease: a (Golgi) complex enig-
ma. Am J Gastroenterol 2004;99(6):1096-1098. doi:10.1111/j.1572-
0241.2004.40410.x.

[37] Xu Z, Shen ], Pan X, Wei M, Liu L, Wei K, et al. Predictive value of serum
Golgi protein 73 for prominent hepatic necroinflammation in chronic HBV
infection. J Med Virol 2018;90(6):1053-1062. doi:10.1002/jmv.25045.

[38] Kladney RD, Cui X, Bulla GA, Brunt EM, Fimmel CJ. Expression of GP73, a
resident Golgi membrane protein, in viral and nonviral liver disease. Hepa-
tology 2002;35(6):1431-1440. doi:10.1053/jhep.2002.32525.

[39] Mao YL, Yang HY, Xu HF, Sang XT, Lu X, Yang ZY, et al. Significance of Golgi
glycoprotein 73, a new tumor marker in diagnosis of hepatocellular carci-
noma: a primary study. Zhonghua Yi Xue Za Zhi 2008;88(14):948-951.
doi:10.3321/j.issn:0376-2491.2008.14.004.

Journal of Clinical and Translational Hepatology 2022 vol. 10(3) | 449-457 457


https://doi.org/10.18632/oncotarget.7271
https://doi.org/10.3748/wjg.v20.i32.11287
https://doi.org/10.3748/wjg.v20.i32.11287
https://doi.org/10.1016/j.biopha.2017.04.029
https://doi.org/10.1371/journal.pone.0053862
https://doi.org/10.1016/j.ccell.2016.07.017
https://doi.org/10.1038/s41598-018-34714-y
https://doi.org/10.1111/j.1572-0241.2004.30572.x
https://doi.org/10.1111/j.1572-0241.2004.30572.x
https://doi.org/10.1016/j.jhep.2009.05.029
https://doi.org/10.1111/j.1572-0241.2004.40410.x
https://doi.org/10.1111/j.1572-0241.2004.40410.x
https://doi.org/10.1002/jmv.25045
https://doi.org/10.1053/jhep.2002.32525
https://doi.org/10.3321/j.issn:0376-2491.2008.14.004

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Methods﻿

	﻿﻿Patients﻿

	﻿﻿﻿Data collection, follow-up, and end-point﻿

	﻿﻿﻿Measurement of serum GP73 level﻿

	﻿﻿﻿Statistical analysis﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿Baseline characteristics of patients with ALD-ACLF and the serum GP73 level﻿

	﻿﻿﻿﻿Association between the serum GP73 level and short-term mortality in patients with ALD-ACLF﻿

	﻿﻿﻿﻿Threshold effect analysis of GP73 on the risk of short-term death in patients with ALD-ACLF﻿

	﻿﻿﻿﻿﻿Short-term prognostic value of serum GP73 in patients with ALD-ACLF﻿


	﻿﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


