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Hepatocellular carcinoma (HCC) is one of the most common liver malignancies and is a leading cause of
cancer-related deaths. Most HCC patients are diagnosed at an advanced stage and current treatments
show poor therapeutic efficacy. It is particularly urgent to explore early diagnosis methods and effective
treatments of HCC. There are a growing number of studies that show GOLM1 is one of the most promis-
ing markers for early diagnosis and prognosis of HCC. It is also involved in immune regulation, activation
and degradation of intracellular signaling factors and promotion of epithelial-mesenchymal transition.
GOLM1 can promote HCC progression and metastasis. The understanding of the GOLM1 regulation mech-
anism may provide new ideas for the diagnosis, monitoring and treatment of HCC.
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Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related deaths worldwide [1]. The
poor prognosis is due to extensive regional invasion and distant metastases at the time of diagnosis. Therefore, it is
necessary to explore effective early diagnosis and identify reliable biological and clinical markers. The relationship
between Golgi apparatus and tumors is receiving growing attention [2,3]. New Golgi proteins and Golgi-related
proteins have been discovered. Among them, GOLM1 (also known as GP73 or GOLPH2) is the most anticipated
tumor biomarker. A growing number of studies have shown that the abnormal expression of GOLM1 is associated
with HCC and may become a new target for the prevention, monitoring and treatment of HCC [4-7]. In this
review, we discuss the recent advances of GOLM1 in HCC and present an overall view of future research.

Overview of GOLM1 protein

Structure of GOLM1

Kladney ez al. first reported the isolation and characterization of GOLM1 in the year 2000 (8]. GOLM1 is a Golgi
membrane protein mainly expressed in epithelial cells and upregulated in response to viral infection, its coding
gene is located on human chromosome 9q21.33 with a full-length sequence of 3042 bp. It contains a 1200 bp open
reading frame including two in-frame coding regions to produce 400 or 391 amino acids respectively. GOLM1
contains a typical Type II transmembrane protein structure, with a short N-terminal transmembrane region and
a long complex C-terminal domain. It is highly hydrophilic, while the N-terminus is hydrophobic. There is a
potential signal peptidase cleavage site between amino acids 28 and 29; in addition, the N-terminus also contains
an N-myristoylation consensus sequence (GLGNGRRS). This structure may be related to signal transduction
and protein phosphorylation/dephosphorization reactions. Highly acidic regions with unknown function and
five potential glycosylation sites are present in the C-terminus. Several coiled-coil domains at the C-terminus are .
adjacent to the transmembrane region (Figure 1) [91. These coiled coils are indispensable in the processes of binding, Future =~

docking and exchange with vesicles containing various proteins, lipids and nucleic acids (s,10,11]. Medicine ”
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Figure 1. Schematic structure of GOLM1. Based on sequence and structure analyses, region | (cytoplasmic domain),
region Il (TMD) and region llI-V (Golgi lumen domains) are indicated. The amino acid numbers of the positions are
indicated.

TMD: Transmembrane domain.

Expression distribution & subcellular localization of GOLM1

GOLMI can be expressed in a variety of human tissues, predominantly in epithelial cells. For example, GOLM1
is mainly expressed in the columnar epithelial cells of the intestinal gland in the colon; in the ciliated columnar
epithelial cells of the bronchioles in the lung; in the glandular epithelial cells in the prostate. In normal liver tissue,
GOLMI is mainly found in the epithelial cells of bile duct, with either absent or weak expression in hepatocytes.
However, hepatitis B virus and adenovirus infection significantly increases GOLM1 expression in hepatocytes, but
does not change GOLM1 level in biliary cells [s,12,13].

GOLMI exhibits the perinuclear localization in cells and colocalizes with Golgi membrane protein giantin [s].
One study from Puri ez a/. showed that GOLM1 colocalized with the cis-Golgi protein GPP130 and did not overlap
with the localization of the rans-Golgi network protein TGN46, suggesting that the GOLM1 protein localized to
the cis-Golgi [141. This study also demonstrated that GOLMI is synthesized in the endoplasmic reticulum and the
major fraction is then transported to the ¢/s-Golgi, while a small proportion of GOLMI1 proteins are transported
to the cell surface and then GOLMI on the cell surface is endocytosed and returned to the Golgi through the
endosomal pathway. GOLMI is also a kind of secreted protein and is secreted form can be detected in both
blood and urine. Bachert ef a/. found that the proprotein convertase site R*?VRR>® was present in the GOLM1
protein sequence (Figure 1) [15]. During the Golgi-to-endosome transport process, GOLM1 is cleaved by the furin
precursor protease to form a secreted protein separating from the transmembrane region.

Function of GOLM1

The biological function of GOLMI in cells and tissues is not well understood. GOLML is expressed in most
human tissues. Therefore, it can be speculated that GOLM1 may belong to the housekeeping genes. The significant
variations of GOLM1 mRNA and protein levels in different tissues indicate that it may have tissue-specific regulatory
functions. It is reported that GOLM1 can maintain the structural integrity of the Golgi complex under cellular
stress [12]. Wright ef al. used genetic defects methods to establish a mouse model lacking the C-terminus of GOLM1
and found that the overall survival rate was lower than that of wild-type mice, especially in female mice [16]. In
addition, these mice were prone to having various degrees of damage to the kidney and the liver, such as focal
segmental glomerulosclerosis and hepatic steatosis. These findings suggest that GOLM1 may play an important
role in maintaining normal cell function. GOLMI is a Golgi resident protein that is not normally secreted by cells.
However, under some disease conditions, GOLM1 can be released into the cytoplasm by endoproteolytic cleavage
at the proprotein convertase site and transported through the endosomes to the cell surface [15].

Significance of GOLM1 in the diagnosis of HCC

GOLMI protein level in serum is very small or even absent in healthy individuals compared with the significantly
increased level in primary hepatic carcinoma patients [17], indicating that GOLM1 can be a valuable marker for
the diagnosis of early HCC, especially for the diagnosis of AFP-negative HCC patients. In recent years, some
studies have even shown that GOLMI1 is superior to AFP in diagnosing early HCC [18,19]. Many studies have
proved that GOLMI has high sensitivity and specificity for the diagnosis of HCC. Although the thresholds taken
by researchers are different, we can roughly observe a range: the sensitivity (~69-83%) and the specificity (~73—
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97%) (19-22]. In one multicenter study, Serum GOLM1 and AFP were compared in 4217 human subjects. GOLM1
was used in the diagnosis of HCC with a sensitivity of 74.6% and a specificity of 97.4% [18]. In the year 2005,
Marrero et al. detected serum GOLM1 of 352 patients and found that the sensitivity and specificity of GOLM1
for the diagnosis of HCC were 69 and 75%, respectively, at the best cut-off point of 10 relative units [22). Tian
et al. demonstrated no significant differences in serum GOLMI1 levels between the early and advanced HCC
groups (110.4 vs 102.8 pg/l) 120}, indicating that high levels of GOLM1 could be detected in the serum of
early HCC patients. These findings confirmed that GLOMI1 had high sensitivity in the diagnosis of HCC. Zhao
et al. demonstrated that fucosylated GOLM1 (Fuc-GOLMI1) could be used as an excellent glycobiomarker for
differential diagnosis of HCC and the combined detection of Fuc-GOLM1 and other biomarkers could improve
the accuracy of diagnosis [23].

However, the clinical application of GOLMLI still faces some challenges for the early diagnosis of HCC. Liu ez al.
found that the serum expression levels of GOLM1 in HCC patients with cirrhosis were significantly higher than
those in HCC patients without liver cirrhosis [24]. They suggested that it was possibly the cirrhotic background
rather than the HCC itself that caused the increase of serum GOLM1 in HCC patients. One meta-analysis from
Yang et al. including 11 studies showed that the sensitivity for serum GOLMI1 in diagnosing HCC was 77% (95%
ClI: 75-79%) and the specificity was 91% (95% CI: 90-92%) [25]. This meta-analysis demonstrated that GOLM1
could be used as an independent diagnostic marker for HCC. However, significant heterogeneity was found in
these 11 studies: five of the studies indicated that GOLM1 was superior to AFP as a diagnostic marker, while the
other six studies had opposite or ambiguous findings. Therefore, it is necessary to conduct further research with
rigorous design, large sample size and multi-regional cooperation to assess whether GOLM1 is the reliable marker
for early diagnosis of HCC.

Role of GOLM1 in the progression of HCC

Sun et al. used immunohistochemistry to find that the expression of GOLM1 in HCC was closely related to
tumor size, vascular invasion and tumor differentiation, suggesting that GOLM1 may enhance tumor invasion and
metastasis to promote the progression of HCC [26]. Chen ez a/. demonstrated that GOLM1 could promote the
proliferation and migration of HCC cell lines and promote the growth of mouse xenograft tumors [27). Their study
further indicated that the expression of GOLMI1 could be regulated by mTORCI. mTOR inhibitors which block
the upregulation of GOLMI1 may be developed to treat HCC. Epithelial-mesenchymal transition (EMT) refers
to the process of transforming epithelial cells into mesenchymal cells, which frequently occurs in the initiation of
tumor invasion and metastasis [28]. E-cadherin and vimentin are two molecular markers related to EMT. Bao ez 4/,
found a negative correlation between GOLM1 and E-cadherin expression and a positive correlation with vimentin
expression in HCC [29], suggesting that GOLM1 promotes EMT formation and is associated with aggression
of HCC. Yang ez al. examined the expression levels of GOLMI protein and mRNA in cell lines with different
metastatic potentials to explore the relationship between GOLMI and tumor metastasis [30]. They found higher
GOLMI1 expression level in the more aggressive cells MHCC97H and HCCLM3, while lower GOLM1 level in
the less aggressive cell Bel-7404 and the noninvasive cell L-O2. Ye er 4l found that GOLM1 was involved in
mediating EGFR/RTK signaling (Figure 2) [31]. After ligand binding to activate EGFR, endocytic EGFR bound
to cytoplasm-dispersed GOLM1 to form endosomes, which promoted the return of EGFR to the cell membrane
and reduced the degradation of EGFR in lysosomes. In addition, GOLMI1 also increased the expression of MMP-
9 and inhibited E-cadherin levels, which were the two pivotal downstream effectors of RTK signaling pathways in
tumor invasion and metastasis. It is suggested that overexpression of GOLMI1 inhibits the normal metabolism of
EGFR/RTK in cells, increasing their expression on the membrane and prolonging the activation of downstream
signaling pathways to promote the growth, invasion and metastasis of HCC.

Several other studies have shown when the expression of GOLM1 is inhibited, HCC cell migration and invasion
were suppressed significantly (32,33]. Matrix metalloproteinases have proteolytic activity to degrade the extracellular
matrix and basement membrane and promote tumor invasion and metastasis. MMP-13 is one member of this
family that is highly expressed in malignant tumors such as breast cancer and esophageal cancer to promote
tumor invasion and distant metastasis [34,35]. It was reported that GOLM1 promoted cell invasion through the
upregulation of MMP-13 and GOLM1 enhanced MMP-13 expression through CREB-mediated transcription
activation [33], which indicated that the abnormal expression of GOLM1-CREB-MMP13 signaling pathway
enhanced HCC cell infiltration. Zhang ez al. showed that GOLM1 could be directly targeted by miR-382 [36].
miR-382 mediated downregulation of GOLM1 might inhibit migration and invasion of HCC cells. Zhao ez al.
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Figure 2. A brief illustration of GOLM1-mediated EGFR recycling. Following EGF binding, cell surface receptor EGFR
is destined for internalization for receptor recycling or lysosome-mediated degradation. GOLM1 is localized in the
Golgi apparatus and GOLM1-mediated recycling of EGFR is dependent on Rab11.

demonstrated that miR-493-5p could inhibit the proliferation of HCC cells, partly through directly inhibiting
GOLMI1 mRNA and protein levels [37. Yang ez a/. found significant changes in the morphological phenotypes
and related markers after the inhibition of GOLMI [30]. Specifically, GOLMI reduced the expression of the two
key EMT factors N-cadherin and E-cadherin to decrease cell adhesion forces and to promote cancer cell mortility.
These findings suggested that GOLMI silencing represents a novel therapy method to suppress proliferation and
metastasis of tumors [32]. Zhou ¢t al. provided the first experimental evidence to demonstrate that GOLM1 might
be an important factor in the inhibitory regulation of autophagy, which indicated that GOLM1 was involved in the
progression of GOLM1-related hepatoma [38]. Zhang ez al. used stealth RNAI to target GOLMI1 gene sequences to
significantly reduce the expression of GOLM1 [39]. They found that knockdown of GOLM1 in HepG2 cells and
Bel7402 cells could inhibit cell proliferation and induce apoptosis.

We conclude that the increase of GOLM1 expression may be closely related to tumor size, differentiation and
vascular invasion, suggesting that GOLM1 may play an important role in the progression and metastasis of HCC.

Significance of GOLM1 in the prognosis of HCC
Prognostic biomarkers are used to predict the possibility of recurrence or progression in cancer patients. The
identification of prognostic biomarkers in cancers could potentially lead to prognostic predictions for patients. This
may be helpful to realize personalized medicine for cancer. So far, effective prognostic biomarkers for HCC are still
lacking [40,41].

It has been reported that increased expression of GOLMI is closely associated with malignant biological
characteristics and is an independent prognostic factors for poor overall survival [26,29,42). Some studies demonstrate
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that GOLM 1 is also of great value in predicting postoperative prognosis in patients with HCC (43,44]. It was reported
that GOLM1 was maintained at a certain level 1 week after surgery in HCC patients, but decreased significantly
1.5-2 years after surgery, to the level lower than that in the liver cancer group and slightly higher than the normal
group [45]. Some other studies also confirm that GOLM1 shows a downward trend after surgery or after treatment
in HCC patients. GOLM1 level increases again when cancer recurs. Higher postoperative serum GOLMI1 levels
are significantly associated with an increased 5-year recurrence rate [18,44,45].

Itis difficult to predict the outcome of transcatheter arterial chemoembolization (TACE) in patients with negative
AFP or low AFP concentrations. Ai ez al. demonstrated that the serum GOLMI levels in patients with a rapid
disease progression were significantly higher than those in patients who achieved remission 30 days following TACE
treatment [46]. The dynamic variations of serum GOLMI1 levels may accurately represent the patient’s condition,
suggesting that it may be used in clinical testing for its important clinical application value in predicting the
therapeutic effect of TACE in patients with AFP-negative or AFP levels <400 pg/l. Ye ez al. also demonstrated
that increased expression of GOLM1 was associated with multinodular tumors and microvascular invasion and
decreased overall survival and time to tumor recurrence in patients [31]. These findings demonstrate that GOLM1
can be used as an independent prognostic risk factor and that higher levels suggests a poor prognosis. However, other
studies show no significant correlation between GOLM1 expression and patients’ survival. Sun ez al. showed that
GOLMI1 expression level was closely associated with aggressive characteristics of HCC [26], but had no significant
correlation with the overall survival in 36 HCC patients. Riener ez al. reported that stronger GOLM1 expression
significantly correlated with a higher tumor grade, but without significant correlation with survival or other clinical-
pathological parameters in 170 HCC patients [43]. The small sample size and a lack of uniform follow-up may be
responsible for the differences in the association of GOLM1 expression with tumor behavior and prognosis among
these studies [26,43].

There is limited information on the efficacy of surveillance strategies for predicting prognostic outcomes in
resection HCC patients and it is mainly recommended for high-risk patients [47]. AFP has been widely used for
predicting post-hepatectomy outcomes in HCC patients. However, Shim ez a/. showed that preoperative AFP levels
had no significant correlation with survival 48]. Liang e a/. believed that miR-27b and GOLM1 might be more
conclusive than AFP as a prognostic marker (49]. We suggest that GOLM1 may complement current monitoring
methods to predict outcomes of HCC patients after resection. Further studies including large samples and uniform
follow-up are needed to verify the prognostic significance of GOLM1 expression in HCC.

Role of GOLM1 in the immune system

The immunological responses have been proved to play an important role in tumor development, growth and
treatment. Immunotherapy as a new treatment option for HCC has attracted increasing attention. The following
reports demonstrate the role of GOLMI in the immune response.

Thl cells are thought to mediate antitumor immunity. They mainly enhance the initiation and expansion of
CD8™ T cells by secreting IFN-y and chemokines and recruit natural killer cells and Type I macrophages to tumor
sites to eradicate tumors (50-54]. Tang ez al. found that GOLM1 may inhibit the tumor suppressor effect of Th1
cells in cancer tissues by downregulating the expression of IL-12A (s5), which might provide a new target for the
prevention and treatment of tumor. Kim e# a/. speculated that the sGOLM1 in HCC may have a pathological effect
in inhibiting IL-12 production by dendritic cells to prevent T cells from responding to malignant development [s6].
Hepatitis C virus (HCV) infection is one of the leading causes of HCC. Zhang ez al. reported that GOLM1 could
repress host innate immune response to promote HCV replication by facilitating mitochondrial antiviral signaling
protein and TNF receptor-associated factor 6 degradation [57], which suggests that GOLM1 may be a novel potential
antiviral target for the prevention and treatment of HCV-related diseases. Many studies have demonstrated that
blocking of STAT3 activation could downregulate PD-L1 expression [58-60]. We previously found that knockdown
of GOLMI1 could downregulate the phosphorylation level of STAT3 [YAN J ET AL., UNPUBLISHED DATA]. Therefore,
we speculate that it is possible to regulate the expression of PD-L1 through the modulation of GOLM1. We plan
to conduct further research and verify whether the GOLM1-STAT3-PD-L1 axis exists. If it is confirmed to be
true, it could provide a new intervention target for HCC immunotherapy.

These studies indicate that GOLML1 is closely related to the immune response. Further exploration of the role
of GOLMI in the immune response will help to understand its function and to identify novel targets for HCC
immunotherapy.
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Role of GOLM1 in the treatment of HCC

Oncolytic adenoviruses have recently shown promising prospects for treating human cancers. However, traditional
oncolytic adenoviruses lack the targeting ability for HCC. Wang ez al. successfully constructed a novel GOLM1-
regulated oncolytic adenovirus and demonstrated that the GOLM1-regulated oncolytic adenovirus had higher
infectivity for HCC cells than common oncolytic adenovirus (61]. It also exerted a more efficient growth-suppressing
effect on HCC cells both 77 vitro and in vive than common oncolytic virus. Cancer stem cells are very important
for the development, maintenance and recurrence of cancer. Zhang et al. showed that GOLM 1-regulated oncolytic
adenovirus caused greater cytotoxicity and stronger oncolytic effect in liver cancer stem cell-like cells compared
with common oncolytic viruses [62]. Therefore, the novel GOLM1-regulated oncolytic virus may be a promising
anticancer agent candidate for future therapy of HCC.

Conclusion

The role of GOLMLI in the diagnosis, progression and prognosis assessment of HCC and its impact on the body’s
immune response have received growing attention. Many important findings have been achieved from relevant
studies in these areas. In addition, there are also some reports on the role of GOLMI in the treatment of HCC.
GOLMI1 may become a new intervention target for therapy of HCC. In summary, given its strong association with
HCC, GOLM1 is an important molecule that deserves further research.

Future perspective

GOLMLI has attracted great attention since its discovery, but there are still many problems to be solved before
GOLMI can be accepted in clinical practice. The first issue is to understand the specific biological characteristics,
secretion mechanisms and functions of GOLMI. At present, there is limited knowledge about the biological and
clinical characteristics of GOLM1. Another key urgent issue is to conduct a multi-center and large-scale clinical
study to evaluate the clinical value of GOLM1 in HCC.

Executive summary

e Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related deaths worldwide. Most HCC
patients are diagnosed at the advanced stage which leads to the poor prognosis. It is necessary to explore
effective methods of early diagnosis and identify valuable evaluation indicators.

e GOLMT1 is one of the most promising biomarkers for early diagnosis and for the prediction of prognosis of HCC.

e GOLM1 is expressed in most tissues, it may belong to the housekeeping genes. However, its expression level is
significantly different in various tissues, indicating that GOLM1 may have effective regulatory abilities and
tissue-specific functions.

e The expression level of GOLMT1 is significantly increased in HCC, indicating that it may be a valuable marker for
early diagnosis of HCC, especially for the diagnosis of alpha-fetoprotein-negative HCC patients.

e The higher expression level of GOLM1 is related to larger tumor size, vascular invasion and tumor differentiation
in HCC, suggesting that GOLM1 may enhance tumor invasion and metastasis to promote the progression of HCC.

e GOLM1 is closely associated with malignant biological characteristics and is an independent prognostic factor for
poor overall survival in HCC.

e Immunotherapy as a potential new treatment option for HCC has attracted growing attention. GOLM1 is closely
related to the immune response, thus prompting further exploration of the role of GOLM1 in the immune system.

e Given its strong association with HCC, GOLM1 is an important molecule that deserves further research.
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