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Abstract

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors with a low survival
rate. The identification of mechanisms underlying the development of HCC helps uncover cellular
and molecular targets for the diagnosis, prevention, and treatment of HCC. Golgi protein 73
(GP73) level is upregulated in HCC patients and potentially can be a therapeutic target. Despite
many studies devoted to GP73 as a marker for HCC early diagnosis, there is little discussion about
the function of GP73 in HCC tumorigenesis. Given the poor response to currently available HCC
therapies, a better understanding of the role of GP73 in HCC may provide a new therapeutic target
for HCC. The current paper summarizes the role of GP73 as a diagnostic marker as well as its
roles in liver carcinogenesis. Its roles in other types of cancer are also discussed.
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1. Introduction

Liver cancer is the sixth most common malignancy and the fourth leading cause of cancer-
related death with more than 800,000 new cases emerged and 782,000 deaths caused in
2018.1 Hepatocellular carcinoma (HCC) is the terminal step of the sequential progression
from chronic hepatitis to fibrosis and cirrhosis and accounts for about 70-85% of primary
liver cancer.2 The incidence of HCC is relatively high in China and Western Africa due to
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aflatoxin exposure and hepatitis B virus (HBV) infection.1:34 In the United States, the
incidence of HCC is also rising, albeit the pace may have slowed since 2010.% When it is
diagnosed, HCC is usually at advanced stages and current treatment options have poor
therapeutic efficacy. However, a 5-year survival rate higher than 70% can be achieved if
HCC is diagnosed at an early stage.® Thus, early diagnosis and treatment play pivotal roles
in HCC treatment outcomes.’

One of the most commonly used HCC diagnostic biomarkers is alpha-fetoprotein (AFP).
AFP is a fetal-specific glycoprotein produced primarily by the fetal liver. More than 70% of
HCC patients have a high serum concentration of AFP due to the tumor excretion. The use
of AFP in clinical practice is limited due to low sensitivity at cutoff values maintaining
sufficiently high specificity. AFP has 3 different glycoforms, namely AFP-L1, AFP-L2, and
AFP-L3, according to their binding capability to lens culinaris agglutinin (LCA). AFP-L1,
as the non-LCA-bound fraction, is the major glycoform in the serum of nonmalignant
patients; whereas AFP-L3, as the LCA-bound fraction, is the major glycoform found in the
serum of HCC patients. Des-gamma-carboxy prothrombin (DCP) is another HCC diagnostic
marker. It has been shown that a combination of AFP, AFP-L1, and DCP, is highly sensitive
and useful for diagnosing HCC. The related information has been reviewed by others.8-12

In addition to the above-mentioned traditional HCC diagnostic biomarkers, other molecules
have been considered and investigated. Those include Golgi protein 73 (GP73), galectins,
glypican 3 (GPC3), glutamine synthase, heat shock protein 70, cytokeratin 19, midkine,
osteopontin, squamous cell carcinoma antigen, Annexin A2, fibroblast growth factor 3/4,
microRNAs, long non-coding RNAs (IncRNAS), circulating tumor cells, cell-free DNA, and
others. This review paper focuses on GP73, which is also known as Golgi membrane protein
1 (GOLM1) or Golgi phosphoprotein 2 (GOLPH2) uncovered in the year 2000.13

2. Introduction of GP73

GP73 is a type 11 transmembrane glycoprotein residing in the Golgi membrane.14 It is only
expressed in bile duct epithelial cells, and has low or none detectable expression levels in
hepatocytes of a healthy liver.13 However, hepatocyte expression of GP73 is markedly
increased in diseased livers regardless of the etiology, whereas the expression level in biliary
epithelial cells does not change much. Thus, GP73 expression increases due to hepatitis C
virus (HCV) infection, HBV-associated cirrhosis and HCC, alcoholic hepatitis, as well as
autoimmune hepatitis.2® The high expression level of GP73 found in HCC patients suggests
its role in liver carcinogenesis.1® Moreover, serum GP73 is elevated in HCC patients making
it a valuable biomarker for early HCC diagnosis.1’19

2.1. Cell localization and structure of GP73

The GP73gene has 3042 base pairs containing 9 introns and 10 exons and is localized in
human chromosome 9g21.33. GP73 contains 401 amino acids with an estimated molecular
weight of 45 kD. However, due to protein modification such as glycosylation, GP73 has a
molecular weight of 73 kD based on denatured gel electro-phoresis.13 The gene is cloned
from liver cells obtained from an adult giant-cell hepatitis patient.13 The co-localization of
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GP73 and giantin, a Golgi protein regulating the connections of Golgi stacks, indicates that
GP73 is a type 11 Golgi membrane protein residing in the cis and medial-Golgi cisternae.14

Structurally, GP73 has 5 domains. Domain 1 is a short N-terminal cytoplasmic tail that has
12 amino acids; domain 2 is a transmembrane domain; domain 3 is a coiled-coil structure;
domain 4 has a loose structure; and domain 5 is a highly conservative region (Fig. 1).20
There are several possible glycosylation sites at the C-terminal 2122 Unlike other Golgi-
intrinsic proteins, GP73 lacks an oligosaccharide modification function.23 The coiled-coil
region has a protein-protein interaction function,24:25 and the N-terminal as well as the
transmembrane domain are essential for Golgi localization.2? The endogenous and secreted
GP73 forms dimers under normal conditions via forming disulfide bonds within the coiled-
coil domain.20

GP73 originally was not considered to be a secreted protein, but it is detected in the serum of
HCC patients. The evidence of secretion was due to the identification of a proprotein
convertase cleavage site at the 55th amino acid.?! Additionally, GP73 has multiple potential
glycosylation sites, and more than 75% of GP73 is glycosylated,26 which is then secreted
into the blood through intracellular transport. The presence of glycosylation sites allows the
utilization of proteomic technology to identify heterogeneous-fucosylated GP73, which has
increased sensitivity and specificity for HCC diagnosis.2’

2.2. Distribution of GP73

GP73 is highly expressed in the colon, stomach, prostate, and trachea, but has little or no
expression in muscle, lymphoid tissue, and leukocytes. At the cellular level, GP73 is mainly
found in epithelial cells.1315:27 Although we are unclear about the actual function of GP73,
many studies based on protein modification reveal that GP73 does not have catalytic enzyme
activity.15 The Golgi complex has a pivotal role in sorting and modifying proteins exported
from the endoplasmic reticulum. GP73 may process proteins synthesized in the rough
endoplasmic reticulum and assist in the transportation of protein cargo through the Golgi
apparatus. However, GP73 has no homology with those known Golgi glycosyltransferases as
well as transporters of nucleotide sugars, nucleotide sulfate, and ATP,28:29 suggesting GP73
may have a unique role.

3. GP73 as a serum marker for HCC diagnosis

3.1. Serum GP73 as a sole diagnostic marker

Many studies demonstrate that GP73 is a biomarker for the diagnosis of early stage HCC
with high sensitivity and specificity.1930-32 |n addition, serum GP73 concentration is
positively associated with HCC progression and negatively linked with clinical outcomes.
18,33-40 A Jarge cohort study consisting of 1690 healthy adults, 337 HBV carriers, and 789
HCC patients revealed that HCC patients have significantly higher serum GP73 levels than
healthy people and HBV carriers without noticeable liver disease.1® Another study examined
the relationship between serum GP73 concentration and HCC treatment in 9 patients. The
data showed that GP73 level decreased after tumor ablation. Additionally, patients with a
high serum GP73 level relapsed within 5 years. Thus, serum GP73 level has a monitoring
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value in HCC patients.#? However, another study reported that serum GP73 is not a suitable
biomarker for HCC diagnosis because its level overlaps with the presence of cirrhosis, which
affects its diagnostic accuracy.#? In that study, serum GP73 level remained at an elevated
level even after tumor resection.*2 Nevertheless, in liver transplantation patients, serum
GP73 levels predicted tumor recurrence and survival rate, which was demonstrated by
studying 60 liver transplantation patients.*3

3.2. GP73is used in combination with other diagnostic markers

The use of GP73 in combination with AFP, gamma-glutamyl transferase (GGT), and
dickkopf-1 (DKK-1) can increase the sensitivity and specificity of HCC diagnosis.*4~46 The
serum level of AFP in HCC patients with cirrhosis decreases dramatically after tumor
resection.*2 When GP73 is combined with AFP, the sensitivity and the specificity for HCC
diagnosis is 89.2% and 85.2%, respectively.3944-47 Moreover, a combination of GP73 and
AFP-L3 is useful to diagnose low serum AFP or AFP-negative HCC cases. Together,
sensitivity and specificity are improved when multiple biomarkers are used.4:47-49

Among all the hepatic enzymes, GGT and alkaline phosphatase have served as predictive
markers for cancer patients. GGT regulates glutathione metabolism. Its overproduction by
the tumor can be a way of self-defense to counteract oxidized waste. However, it has a large
overlap with various liver diseases, which limits its diagnosis specificity. Because there was
no correlation between GP73 and GGT, they may have complementary roles in the detection
of HCC.%0

DKK-1 is a Wnt/B-catenin signaling pathway inhibitor, and serum DKK-1 levels are
elevated in HCC patients. DKK-1 overexpression promotes the migration and invasion of
human HCC cells including Huh7 and Hep3B, whereas DKK-1 silencing inhibits them.52
Overexpression of DKK-1 is also found in human hepatoblastomas.®2 It is a promising
biomarker for HCC even in AFP-negative patients.52 When GP73 is combined with DDK-1,
the sensitivity and specificity for HCC diagnosis is 97.4% and 93.1%, respectively.32 See
Table 1.

Taken together, the overall survival rate and disease-free survival rate of HCC patients with
elevated GP73 expression are significantly lower than those with low GP73 expression.>3
Moreover, increased serum level of GP73 is associated with a degree of liver injuries ranging
from hepatitis, fibrosis, and cirrhosis to HCC, which implies that GP73 is secreted by
damaged liver cells and activated stellate cells depending on the level of liver damage and
fibrosis.32:45

4. Regulation and functional role of GP73

4.1. Induction of GP73

HBYV and HCV viral attacks can directly cause the release of pro-inflammatory cytokines
including interleukin-6 (1L-6), tumor necrosis factor-alpha (TNF-a.), IL-1, and IL-8.54 The
serum level of IL-6 in patients with chronic HBV infection increases gradually as the disease
progress. IL-6 not only participates in the damage and repair process of hepatic cells, but
also promotes the proliferation of hepatic stellate cells.%> Additionally, IL-6 induces the

Liver Res. Author manuscript; available in PMC 2021 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang and Wan

Page 5

expression of GP73 through gp130 and is associated with phosphorylated signal transducer
and activator of transcription 3 (STAT3).56

In cell line models, GP73 is highly expressed in HepG2.2.15 cells, which have active HBV
replication, but is not detectable in HepG2T14.1 cells, which do not support HBV
replication. GP73 is also undetectable in HBV-free HepG2 cells. Moreover, in immortalized
human hepatic adenocarcinoma SK-HEP-1 cells, the level of GP73 is low, interferon-gamma
(IFN-v) treatment can induce GP73, whereas TNF-a reduces it. Additionally, HBV
promotes GP73 production in peripheral blood mononuclear cells obtained from healthy
people and in macrophages obtained from acute monocytic leukemia cells.>” Taken together,
these data suggest that increased GP73 in hepatocytes likely involves hepatotropic viruses or
cytokine production.15

Although the expression of GP73 is associated with HBV replication, the expression of
GP73 is significantly induced when peripheral blood mononuclear cells and human
monocytic THP-1 cells are treated with the supernatants containing replication-competent or
non-replicating HBV as well as recombinant hepatitis B surface antigen (HBsAg). However,
the expression of GP73 is not affected when those cells are treated with the supernatant
neutralized with antibodies specific for HBSAg or recombinant hepatitis B core antigen
(HBcAg). In summary, the data suggest that HBsAg promotes GP73 production.>’

In HepG2 and Huh?7 cells, overexpression of GP73 facilitates HBV replication in a dose-
dependent manner, whereas silencing GP73 reduces HBV production. Silencing GP73 also
induces NF-xB (p50), which triggers the secretion of antiviral cytokines. Additionally,
overexpression of NF-xB (p50) reduces the production of HBsAg and GP73 in HBV-
infected HepG2 and Huh7 cells. Thus, by reducing NF-xB signaling and innate immune
response, GP73 stimulates HBV replication. Together, there is a distinct positive feedback
mechanism between HBV replication and GP73 production. Silencing GP73 can be a
potential prevention and treatment of HBV infection.>’

Another mechanism by which GP73 can be induced is via hypoxia inducible factors-2alpha
(HIF-2a). HIF-2a is an important transcriptional factor making cancer cells adapted to a
hypoxic condition.58 It has been shown that HIF-2a. and GP73 expression are positively
correlated in HCC tissues. In hepatoblastoma HepG2 cells, HIF-2a, but neither HIF-1a. nor
hepatitis B virus protein X, induces the expression of GP73.59

Mechanistic target of rapamycin complex 1 (nTORCL) also up-regulates GP73 to promote
HCC proliferation and migration. The mechanistic target of rapamycin (nTOR) signaling
pathway plays a key role in HCC. Hyperactivation of mMTORC1 promotes the expression of
GP73, which enhances HCC cell proliferation and migration through CD44 and matrix
metallopeptidase-7.50

GP73 drives HCC metastasis through activation of epidermal growth factor receptor
(EGFR)/receptor tyrosine kinase (RTK) signaling. GP73 binds to EGFR/RTK anchoring on
the trans-Golgi network and recycling back to the plasma membrane, leading to activation of
the downstream factors, thereby promoting HCC cell migration and invasion.6?
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4.2. Silencing GP73

Silencing of GP73induces apoptosis. Knockdown of the GP73 gene leads to reduced Bcl-2
to Bax ratio, increased cytochrome c, as well as reduced Capase-3 in HepG2 cells and
Bel7402 cells.52

GP73 is also implicated in autophagy. By removing damaged organelles or misfolded
proteins, autophagy has a crucial role in energy balance and maintaining hepatic
homeostasis. Autophagy is active at a basic level and can be induced in response to stress
including nutrient deficiency, hypoxia, endoplasmic reticulum stress, as well as exposure to
pathogens or drugs thereby autophagy serves as a protective mechanism and can prevent the
development of cancer. However, when cancer has formed, increased autophagic flux can
enable cancer cells to survive and expand. Furthermore, many HCC treatment medications
increase autophagy, which is implicated in drug resistance. Moreover, other medications
such as Regorafenib has autophagy activation effects. Together, the role of autophagy in
HCC treatment remains to be clarified.53

Microtubule-associated protein 1 light chain 3 (LC3) is an autophagosome membrane
marker. Silencing of GP73 in HepG2 cells effectively triggers the conversion of LC3-I to
LC3-11 and the production of LC3-positive vacuoles. In contrast, GP73 upregulation
significantly inhibits the formation of starvation-induced LC3-positive structures in HepG2
cells.54 The significance of the finding in HCC treatment remains to be uncovered. Together,
GP73 is implicated in prohibiting apoptosis as well as regulating autophagy.

Silencing of GP73 suppresses cell matility, invasion, and epithelial-mesenchymal transition
(EMT) by reducing p-retinoblastoma tumor suppressor protein (p-Rb) in HCC.6%:66 Gp73
decreases expression of N-cadherin and E-cadherin and enhances expression of vimentin.

65-67 Hence, GP73 may serve as a molecular target against EMT in HCC metastasis therapy.
68

It has been shown that there are several microRNAs that can regulate the expression level of
GP73. MiR-141-3p targets the GP73to reverse EMT leading to reduced HCC progression
and metastasis.59 MiR-382 also targets GP73 to inhibit metastasis of HCC. The down-
regulation of miR-382, which up-regulates GP73, in HCC predicts poor survival.’® The
expression of miR-27b is inversely associated with the level of GP73 in HCC, and thus may
have a role in regulating GP73. Moreover, low miR-27b expression is a significant and
independent predictor of poor survival in HCC. MiR-27b suppresses the expression of GP73
is therefore a potential prognostic biomarker and treatment target of HCC.! In addition, the
serum level of miR-212 and miR-132, which silences GP73, is reduced in primary liver
cancer patients.’2 Furthermore, miR-493-5p is significantly downregulated in HCC. Via
inhibiting the expression of GP73, miR-493-5p inhibits HCC cell proliferation, arrests
cancer cells at the GO/G1 phase, and induces apoptosis.’3 See Table 2.

4.3. Phenotype of GP73 deficiency mouse models

To investigate biological roles for GP73, there are two GP73 deficiency mouse models that
have been generated. The first one is a transgenic mouse model with truncated c-terminal
(GP73tr), The lifespan of GP73/I" mice is shorter than that of wild-type mice.
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Microscopically, the GP73t" mice developed severe epithelial abnormalities in the kidney
and liver.” Another model uses the CreloxP system and generates hepatocyte-specific GP73
deficiency. However, these mice have normal growth, behavior, and fertility.”> It would be
interesting to investigate HCC development using those knockout mouse models. Taken
together, GP73 plays multiple roles in epithelial cell function, but is not vital for normal
liver function.

5. GP73 and other cancers

In addition to HCC, GP73 is implicated in carcinogenesis of other types of cancer including
melanoma, glioblastoma, prostate cancer, lung cancer, and colorectal cancer.

5.1. GP73 and melanoma

Melanoma is a potentially lethal skin cancer, and its incidence has risen rapidly in the past
50 years.” A high expression level of GP73 in melanoma is related to the aggressiveness of
the disease, reducing the disease-free survival period, as well as reducing cancer-specific
overall survival.”” However, elevated levels of GP73 in tumor-associated macrophages is
associated with a prolonged disease-free survival period and cancer-specific overall survival,
because tumor metastases are not found in patients with high numbers of GP73-positive
tumor-associated macrophages. It is speculated that GP73 may be associated with prolonged
stabilization of M1 phenotype macrophages, which may result in observed favorable clinical
outcome.’’

MiR-200a directly targets the GP73in melanoma to inhibit cell proliferation and metastasis
by regulating the phosphoinositide 3-kinase (PI3K)/AKT signaling pathway and EMT.
Down-regulated miR-200a, which increases the expression of the GP73, is associated with a
poor prognosis of melanoma.”8

By whole-exome sequencing, a rare nonsynonymous variant of GP73is found in melanoma.
GP73 is considered a predisposition gene for melanoma by comparing 454 melanoma
patients and 396 controls.”® Taken together, these data indicate the oncogenic role of GP73
in melanoma, which might be potential targets for molecular-based treatment.

5.2. GP73 and lung cancer

Lung cancer, including small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC), is the second most common cancer and the leading cause of cancer death
worldwide.89 GP73 mainly plays roles in NSCLC.81 NSCLC includes adenocarcinoma and
squamous cell carcinoma, which comprises about 80% of all diagnosed lung cancers.81
GP73 is upregulated in both adenocarcinoma and squamous cell carcinoma. However, high
GP73 expression is negatively associated with overall survival and recurrence-free survival
of patients with adenocarcinoma, but not of patients with squamous carcinoma.8%-81 GP73
can increase adenocarcinoma aggressiveness by activating matrix metallopeptidase-13.82 A
high expression level of GP73in lung adenocarcinoma is also associated with high-grade
malignancy.81
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The changes of DNA copy number and methylation might dysregulate the expression of
GP73 in lung adenocarcinoma. It has been shown that DNA methyltransferase 1 (DNMT1)
inhibits the function of miR-200a, which silences GP73 expression, thereby inhibiting cell
proliferation. Thus, DNMT1/miR-200a/GP73 signaling is implicated in lung
adenocarcinoma development.8! Taken together, GP73 is an independent predictor of the
prognosis of NSCLC.83

5.3. GP73 and pancreatic cancer

Pancreatic cancer is one of the most malignant cancers in the digestive tract, which is
difficult to diagnose and treat. The 5-year survival rate is only 5%.84 Thus, appropriate
biomarkers for early diagnosis are urgently needed. GP73 is highly expressed in pancreatic
ductal adenocarcinoma.8®> GP73 overexpression increases the growth and motility of
pancreatic ductal adenocarcinoma cells. In contrast, downregulation of GP73 has opposite
effects. Such effect is through regulating EMT signaling.8* Additionally, GP73 is
downstream of RAS signaling, which promotes the progression of pancreatic ductal
adenocarcinoma.8® Furthermore, GP73 interacts with AKT and increases its activity by
phosphorylation. Activated AKT promotes the expression of a panel of genes involved in
cell growth and apoptosis. Moreover, deactivate AKT eliminates GP73-induced cell growth
in pancreatic cancer cells.8

5.4. GP73 and prostate cancer

Prostate cancer is the most commonly diagnosed cancer in men, and GP73 is highly
expressed in it.86-91 GP73 has oncogenic effects by promoting proliferation, migration, and
invasion of prostate cancer cells such as DU145, PC3, and CWR22Rv1. GP73 also inhibits
apoptosis by activating the PIBK/AKT signaling pathway.? Similar to HCC, miR-27b, a
tumor suppressor, silences the expression of GP73 in prostate cancer PC3C and DU145
cells.”1:92 Additionally, loss of the tumor-suppressor miR-143/145 cluster enhances prostate
cancer cell migration and invasion through upregulating the expression of GP73.93 Thus,
GP73 is a biomarker and therapeutic target for prostate cancer.

5.5. GP73in breast and testicular cancer

Serum level of GP73 is elevated in patients with breast cancer compared with healthy
people.9 Therefore, GP73 is hypothesized to be an early indicator of breast cancer. Like
lung cancer, GP73 promotes breast cancer cell metastasis by regulating matrix
metallopeptidase-13. It also facilitates the growth of breast cancer cells.9

Testicular neoplasms represent the most common malignancy in young adults, and
seminoma is the most frequent single histologic subtype. GP73 is highly expressed in
seminomas and has been proposed to be an immunochistochemical marker for the assessment
of testicular neoplasms.%

6. Conclusion

GP73 as an oncogene, is regulated by the inflammatory signaling pathway, miRNAs, and
hyper-activated mTOR signaling pathway. GP73 promotes the occurrence and development
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HCC through inhibiting apoptosis and autophagy, as well as promoting EMT (Fig. 2).
though the oncogenic roles of GP73 in HCC have been revealed, a drug that inhibits GP73

has not been developed. Since elevated GP73 is also found in many other types of cancer,
GP73 alone may not be a specific biomarker for HCC diagnosis. However, due to its
oncogenic effects and elevated expression in many different types of cancer, targeting GP73

Wi

Il likely have promising effects in cancer prevention and treatment. Additional research is

warranted to further understand the functional roles of GP73 in oncogenesis.
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Fig. 1. Schematic diagrams of GP73.
GP73 has 5 domains including a short N-terminal cytoplasmic tail, transmembrane domain,

coiled-coil structure, loose structure, and highly conservative domain. Abbreviation: GP73,
Golgi protein 73.
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Fig. 2. Schematicillustration of the mechanisms by which GP73 expression isregulated.
GP73 is regulated by HBsAg, cytokines, hyper-activated mTORC1, HIF-2a,, and miRNA.

GP73 promotes the occurrence and development of HCC through inhibition of apoptosis and
autophagy, as well as promoting EMT. This figure was generated using tools available in the
BioRender.com. Abbreviations: DEPTOR, DEP-domain containing mTOR-interacting
protein; EMT, epithelial-mesenchymal transition; GP73, Golgi protein 73; HBV, hepatitis B
virus; HIF-2a., hypoxia inducible factors-2alpha; IFN-vy, interferon-gamma; IL, interleukin;
mLST8, mammalian lethal with SEC13 protein 8; mTOR, mechanistic target of rapamycin;
mTORC1, mechanistic target of rapamycin complex 1; PRAS40, prolin-rich Akt substrate of
40 kD; RAPTOR, regulatory-associated protein of mammalian target of rapamycin; STAT3,
signal transducer and activator of transcription 3; TNF-a,, tumor necrosis factor-alpha.
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Table 1

Diagnosis of HCC using single or combinations of markers.

Sensitivity (%)  Specificity (%) Accuracy (%)

Single marker
GP73
AFP
GGT
DKK-1

76.34
55.6
68.4
93.6

Combination with GP73

GP73 + AFP
GP73 + AFP-L3
GP73 + GGT
GP73 + DKK-1

89.2
78.49
91.1
97.4

80.09 79.61
86.7 73.4
97.1 84.8
86.9 89.08
85.2 96
85.03 84.19
77.1 83.2
93.1 94.5

Page 16

Abbreviations: AFP, alpha-fetoprotein; DKK-1, dickkopf-1; GGT, gamma-glutamyl transferase; GP73, Golgi protein 73; HCC, hepatocellular

carcinoma.
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