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Golgi Protein 73 (GP73) is a Golgi-resident protein that is highly expressed in
primary tumor tissues. Initially identified as an oncoprotein, GP73 has been
shown to promote tumor development, particularly by mediating the transport
of proteins related to epithelial-mesenchymal transition (EMT), thus facilitating
tumor cell EMT. Though our previous review has summarized the functional roles
of GP73 in intracellular signal transduction and its various mechanisms in
promoting EMT, recent studies have revealed that GP73 plays a crucial role in
regulating the tumor and immune microenvironment. GP73 can modulate
intracellular signaling pathways to influence cytokine and chemokine networks,
resulting in inflammation caused by viral and bacterial infection or immune
diseases, and leading tumor microenvironment deteriorated. Additionally,
extracellular GP73 can also regulate signaling pathways of target cells by
binding to their cell-surface receptors or entering the acceptor cells, thereby
facilitating inflammation or promoting tumor development. In this review, we aim
to summarize the findings, providing insights for future investigations on GP73
and its potential as a therapeutic target in ameliorating chronic inflammation in
the immune and tumor microenvironment.

KEYWORDS
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Introduction

Inflammation is a protective response to maintain the homeostasis of the body (1). It
can be triggered by intense physical or chemical factors, microbial infections, tissue
necrosis, allergic reactions, and the intrusion of foreign particles (2, 3). Typically,
inflammation induces local vasodilation, the secretion of cytokines and chemokines, and
the accumulation of lymphocytes and macrophages at the site of inflammation (4).
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Recruited lymphocytes attack the necrotic or infected cells through
the release of perforin and granzyme, while macrophages clear
pathogens, foreign particles, and cellular debris through
phagocytosis (5). Additionally, interactions between lymphocytes
and macrophages, along with the bioactive substances they secrete,
further enhance the immune response, aiding in the clearance of
necrotic cells and the destruction of pathogens (6, 7).

While inflammation usually restores the disturbed
microenvironment to homeostasis, it can develop into chronic
inflammation under the conditions of microbial infections like
hepatitis B (HBV) and hepatitis C (HCV) infections, or in
autoimmune diseases like neurodegenerative disorders, diabetes,
and cancer (8-11). Chronic inflammation facilitates the sustained
secretion of pro-inflammatory cytokines like interleukin-13 (IL-
1B), IL-6, IL-8, 1L-18, tumor necrosis factor-o. (TNF-at), and
interferon-y (IFN-y), leading to an excessive accumulation of
lymphocytes and macrophages in inflammatory tissues, which in
turn exacerbates inflammation (12-14). Some studies suggest that
viral and bacterial infections activate host interleukin and
interferon-related pathways, continuously producing these pro-
inflammatory cytokines, thus aggravating the inflammatory
response to induce cell apoptosis and necrosis (15). Moreover, the
levels of these cytokines are notably higher in the tumor
microenvironment compared to normal tissues, indicating that
their overproduction might contribute to tumorigenesis (16).
Therefore, microbial infections can promote chronic
inflammation, which in turn fosters tumor development.

Recently, Golgi Protein 73 (GP73) has been identified as a
protein highly expressed in cells infected with viruses and bacteria
(17, 18), where it promotes chronic inflammation by upregulating
and enhancing the secretion of pro-inflammatory cytokines (19). As
a recognized serum biomarker for tumor diagnosis, GP73 is also
highly expressed in tumors (20), where it boosts the expression and
secretion of pro-inflammatory cytokines and vascular endothelial
growth factor A (VEGFA) in tumor cells (21, 22). It leads the
cytokine production, differentiation, and growth in T lymphocytes,
macrophages, and endothelial cells within the tumor
microenvironment, facilitating tumor progression (21, 23, 24).
Moreover, secreted GP73 can regulate related signaling pathways
in target cells by binding to their cell-surface receptors or entering
target cells via exosomes, promoting chronic inflammation and
tumor development. Additionally, GP73 may exacerbate chronic
inflammation and cause cellular damage under other pathological
conditions by affecting the immune microenvironment. This review
aims to summarize the functional roles of GP73 in the immune and
tumor microenvironment, providing insights for future
investigations on GP73 in chronic inflammation and
immune microenvironments.

Overview of the structure and
function of GP73

GP73, encoded by the GOLM1I gene, was first identified in liver
tissues derived from patients with adult giant-cell hepatitis (GCH)
(25). The GOLM1 gene features two open reading frames, which
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translate into two GP73 isoforms consisting of 392 and 401 amino
acids (aa), respectively (26). Full-length GP73 has a linear shape and
includes three dominant domains: a cytoplasmic region (1-12 aa), a
transmembrane domain (TMD, 13-55 aa), and an intra-Golgi
coiled-coil domain (56-401 aa) (26).

The cytoplasmic region (1-12 aa) of GP73 can bind intracellular
substrates and facilitate their transport to specific locations (27). In
liver cancer cells, cytoplasmic region of GP73 can interact with
epithelial-mesenchymal transition (EMT)-related substrates such as
matrix metalloproteinase-2 (MMP-2) and MMP-7, promoting their
secretion into extracellular spaces and enhancing cancer invasiveness
(28, 29). It can also bind vimentin, facilitating intermediate filament
polymerization and contributing to cell migration (30). Furthermore,
GP73 mediates the sorting of cell-surface proteins internalized via
endocytosis. In the tumor microenvironment, GP73 recycles
epidermal growth factor receptor (EGFR) back to the cell-surface
under high EGF conditions, or directs it to lysosomes for degradation
under low EGF conditions, conserving cellular energy (27). Overall,
upregulated intracellular GP73 binds substrate proteins through its
cytoplasmic region and involves in their trafficking via Golgi vesicles,
participating in various physiological and pathological processes.

The transmembrane domain (13-55 aa) primarily consists of
residues 13-35 aa embedded in the Golgi membrane, anchoring
GP73 to the Golgi apparatus (31). However, a minor fraction of full-
length GP73 is present in the cytoplasm, whose specific functions
will be discussed later. Under specific conditions, GP73 can be
translocated to mitochondria, although the mechanism remains
unclear. Notably, the C-terminal of the TMD (52-56 aa) features an
RVRR (52-55 aa) motif, which allows for furin protease-mediated
cleavage at arginine 55, resulting in truncated GP73 packaged into
exosomes or secreted into extracellular spaces (27, 32).

The coiled-coil domain (56-401 aa) forms the principal part of
GP73 and likely exerts unknown biological functions. It consists of
two antiparallel o-helices (56-205 aa and 206-401 aa) (26, 33). As it
is known that coiled-coil domains typically enable protein-substrate
interactions (34, 35), therefore, in GP73, this domain can bind
substrate proteins, potentially regulating their activity rather than
involving in their trafficking, thereby influencing downstream
biological functions. This hypothesis is supported by subsequent
studies, which will be elaborated there-in-after.

While many studies have documented the roles of GP73 in
promoting tumor metastasis through substrate binding (27, 29), its
function in immune regulation has yet to be comprehensively reviewed.
Recent investigations have increasingly highlighted the involvement of
GP73 in immune regulation, thus, this review aims to summarize these
findings, enhancing our understanding of the functional roles of GP73
in the immune and tumor microenvironments.

The role of GP73 in anti-
infection immunity

GP73 has been recognized for its upregulation in tumor tissues
and is utilized as a serum diagnostic marker for clinical diagnosis of
malignant tumors (20, 36, 37). However, since it was first isolated
and identified in the liver tissues of patients with adult giant-cell
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hepatitis (GCH), it was believed that viral infections can also
upregulate GP73 (25). Follow up studies by the team who
discovered GP73 further confirmed that liver tissues infected with
hepatitis B virus (HBV) indeed exhibit increased GP73 level
compared to normal liver tissues (17). HBV infection also
promotes GP73 expression in hepatocellular carcinoma (HCC)
cell lines, indicating that HBV directly upregulates intracellular
GP73 rather than mediating it via cellular interaction (20). Further
study from different teams revealed that not only cytomegalovirus
and HBV but also hepatitis C virus (HCV) (38, 39), human
immunodeficiency virus (40, 41), SARS-CoV-2 (42, 43), and even
Candida infections can elevate intracellular GP73 levels (18).
However, the mechanism by which microbial infections activate
GP73 expression remained elusive for a long time. In 2017, a study
published in PLOS Pathogens pointed out that HCV infection can
lead to increased secretion of IFN- in hepatocytes, which in turn
can autocrinely activate GP73 (39). However, the specific
transcription factor that drives GP73 activation in infected cells
remains unidentified.

Many studies suggest that GP73 serves as a negative regulator in
infections and inflammation by inhibiting anti-infective immunity,
thus promoting the replication and growth of pathogenic
microorganisms (38, 39, 44, 45). Only one study published in
Nature Medicine indicated that during Candida infection, GP73
promotes the secretion of IL-6 from monocytes and T lymphocytes,
conferring a response to the infection (18). Apart from this, other
studies consistently conclude that GP73 facilitates infection
and inflammation.

At the early stages of HBV infection in hepatocytes, both the
infected hepatocytes and Kupffer cells exhibit upregulated
expression of C-X-C motif chemokine 10 (CXCL10), the
recognized pro-inflammatory cytokine (46), and exerts the
function to inhibit the transactivation of GOLMI (47). However,
once the viral load surpasses the threshold, CXCL10 can no longer
suppress GP73. This study suggests that GP73 aids viral replication;
hence, during the early phase of infection, infected cells attempt to
secrete certain chemokines to counteract GP73-mediated viral
replication. Following studies have shown that both HBV and
purified hepatitis B surface antigens can activate GP73, and
further enhance HBV replication by inhibiting NFxB-p50
expression (44, 48). Additional study has demonstrated that the
loss of phosphatase and tensin homolog deleted on chromosome
ten (PTEN) and HBV infection can induce caspase-3-mediated
chronic apoptosis of hepatocytes, which synergistically contributes
to liver injury, inflammation, fibrosis, and the development of HCC
through upregulation of GP73 and activation of signal transducer
and activator of transcription 3 (STAT3) (45). Compared to wild-
type humanized mice, PTEN and GP73 double-knockout
humanized mice are less prone to developing HCC even when
infected with HBV, underscoring the role of GP73 in promoting
inflammation and carcinogenesis in the liver microenvironment
following HBV infection (45).

In HCV-infected liver tissues, GP73 also promotes
microenvironmental inflammation, facilitating HCV replication
and secretion (38, 39). However, the pathogenic mechanism of
GP73 induced by HCV is different from that of HBV. An early study
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indicated that, upon HCV infection, the intra-Golgi coiled-coil
domain of GP73 can bind to apolipoprotein E (APOE), a host
protein that aids HCV secretion (49). It suggests that GP73 is a
crucial regulatory factor in APOE-mediated viral secretion (38).
Whether this regulatory mechanism applies to secretion of other
viruses remains unclear. Another study showed that HCV-infected
hepatocytes can activate IFN-3 expression, which then autocrinely
activates GP73 (39). Upregulated GP73 can bind directly to E3
ubiquitin ligases mitochondrial antiviral signaling protein (MAVS)
and TNF receptor associated factor 6 (TRAF6), facilitating their
degradation and thereby promoting the secretion of pro-
inflammatory cytokines, inhibiting innate immunity, and
enhancing HCV replication. Thus, GP73 plays a pivotal role in
the regulation of HCV replication and secretion.

During the global Corona Virus Disease 2019 (COVID-19)
pandemic in 2020 (50, 51), it was discovered that the pathogen
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
not only causes severe pneumonia through a cytokine storm but
also induces hyperglycemia (52-55), with the exact pathogenic
mechanism remaining unclear for a long time. A study published
in Nature Metabolism revealed that the nucleocapsid protein (N
protein) and spike protein (S protein) of SARS-CoV-2 can bind
directly to GP73 in alveolar cells, promoting its secretion (43).
Alveolar cells-derived circulating serum GP73 (csGP73) can
activate the protein kinase A (PKA) pathway in hepatocytes,
promoting hepatic gluconeogenesis and resulting in hyperglycemia.

In conclusion, during microbial infections, intracellular and
csGP73 can respond to infections and aggravate inflammation by
inhibiting innate immunity and promoting pathogen
replication (Figure 1).

The role of GP73 in immune diseases

Previous summary has highlighted that GP73 can regulate the
expression and secretion of pro-inflammatory cytokines and
chemokines in virus-infected cells, thereby promoting chronic
inflammation in the microenvironment of cells and suppressing
antiviral innate immunity. However, following studies have
revealed that the levels of GP73 also increase in tissue cells and
immune cells derived from patients with immune or
immunometabolic diseases, disrupting the homeostasis of the
immune microenvironment by regulating intracellular
inflammatory signaling pathways.

For a long time, GP73 was considered to be highly expressed
only in microbe-infected cells and tumor cells. This perception
changed with an incidental finding that stimulation of peripheral
blood mononuclear cells (PBMCs) using concanavalin A (conA)
induces upregulation of GP73 in T lymphocytes (56). Although
further studies did not show significant proliferation and
differentiation of T lymphocytes with upregulated GP73, this
phenomenon still indicates that GP73 may be expressed in
immune cells, thereby playing potential biological functions.

The activation of the NOD-like receptor thermal protein
domain associated protein 3 (NLRP3) inflammasome signaling
pathway facilitates the secretion of pro-inflammatory cytokines
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The role of GP73 in anti-infection immunity. GP73 is upregulated in cells infected with viruses and bacteria. (A) HBV infection with PTEN deletion
could induce cleavage of caspase-3 in hepatocytes, leading liver injury. HBV-mediated upregulation of GP73 could also activate NFxB to produce
pro-inflammatory cytokines, which induces hepatitis, cirrhosis and HCC. HBV-mediated CXCL10 upregulation could inhibit GP73 expression in the
early stage of infection, but it loses function as the viral load increases. HCV infection could upregulate GP73 to facilitate the degradation of MAVS
and TRAF6, leading the activation of NFkB to produce pro-inflammatory cytokines. Moreover, HCV-mediated upregulation of GP73 could bind to
APOE and prompt HCV secretion. Similar with HBV infection, the effects above could also induce hepatitis, cirrhosis and HCC. (B) N protein and S
protein of SARS-CoV-2 can bind to GP73 in alveolar cells to facilitate GP73 secretion. Upregulated csGP73 could activate PKA in hepatocytes,

promoting hepatic gluconeogenesis in hepatocytes.

and induces cell pyroptosis, playing a crucial role in promoting
chronic inflammation (57, 58). A previous study has shown that a
high-fat diet (HFD) can upregulate GP73 expression in
macrophages, indirectly activating the NLRP3 inflammasome,
promoting the expression and secretion of IL-1(, IL-18, and
TNF-o (19). The process above prompts the production of
reactive oxygen species and activates the NFxB pathway, leading
to tissue inflammation. This study demonstrates that highly
expressed GP73 in immune cells can also promote inflammation
in the immune microenvironment, disrupting immune balance and
causing immune diseases. Additionally, HFD can induce GP73
upregulation in hepatocytes, exhibiting the activity of Rab-
GTPase-activating protein (Rab-GAP) and regulating
apolipoprotein B (APOB) export (59). It further promotes the
production of very-low-density lipoproteins, increases fatty acid
uptake, enhances fatty acid PB-oxidation and the synthesis of
cholesterol and lipids. The effects above facilitate the production
and secretion of pro-inflammatory cytokines IL-6, transforming
growth factor-B (TGF-B), and IFN-y, leading to nonalcoholic fatty
liver disease (NAFLD). Strikingly, it discovered that metformin, the
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multi-target drug used for lowering the blood glucose and some
other diseases (60, 61), can inhibit NAFLD progression by
suppressing the Rab-GAP activity of GP73, suggesting that GP73
serves as a potential drug target in combating NAFLD.

GP73 can not only promote the pro-inflammatory cytokines
but also regulate some other secretory proteins to induce immune
diseases. A recent study manifests that GP73 is highly expressed in
fibroblasts derived from pathological tissues of pulmonary fibrosis
(62). GP73 upregulates the long-noncoding RNA NEATI via the
GP73-KLF4-NEAT1 axis, thereby increasing the level of o-smooth
muscle actin (0-SMA) to promote cell migration. Moreover, GP73
can upregulates fibronectin and collageno.-1 to facilitate the
formation of extracellular matrix, inducing the pulmonary fibrosis.

Besides, csGP73 can also play functional roles in promoting
inflammation in the immune microenvironment. A recent study
published in Nature Communications has indicated that the
asialoglycoprotein receptor 1 (ASGR1), the protein mediates the
endocytosis of plasma glycoproteins (63), on the cell-surface of
hepatocytes acts as a receptor for csGP73, triggering endocytosis of
csGP73 to lysosomes for degradation, thereby reducing its
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concentration in extracellular spaces (64). Deletion or inhibition of
ASGRI leads to an increase of csGP73, enhancing its interaction
with 78-kDa glucose-regulated protein (GRP78), the endoplasmic
reticulum chaperone that plays a key role in protein folding (65), on
the cell-surface of hepatocytes. The effect above causes endoplasmic
reticulum stress (ERS) of hepatocytes, releasing alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and
pro-inflammatory cytokines, thereby inducing inflammation and
liver damage.

The findings above indicate that GP73 can disrupt the
homeostasis of the immune microenvironment by regulating
inflammation-related signaling pathways in tissue and immune
cells, leading to immune and immunometabolic diseases (Figure 2).

The role of GP73 in the
tumor microenvironment

GP73 is highly expressed in various tumor tissues (66-71),
including hepatocellular carcinoma (HCC) (72, 73), where it has
been established as a recognized serum diagnostic marker (20, 36).
Thus, it suggests that GP73 plays a crucial role in the tumor
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microenvironment, fostering tumor progression. Given its more
accurate diagnostic capacity for HCC compared to alpha-
fetoprotein (AFP), GP73 is increasingly utilized for clinical
diagnosis of HCC (74, 75). Consequently, there is growing
interest in investigating how GP73 influences the tumor
microenvironment to promote cancer development.

It is well-established that, unlike normal tissue cells, tumor cells
produce a substantial amount of pro-inflammatory cytokines and
chemokines, inducing chronic inflammation within the tumor
microenvironment (76, 77), thereby suppressing the activity and
immune infiltration of CD4¥/CD8" T cells (78, 79). Additionally,
tumor cells promote the polarization of macrophages into tumor-
associated macrophages (TAMs) and recruit myeloid-derived
suppressor cells (MDSCs), which in turn produce more pro-
inflammatory cytokines and chemokines around them, further
intensifying chronic inflammation in the tumor
microenvironment (80-82). The process above facilitates immune
escape and promotes tumor growth (83). Therefore, it is deemed
that chronic inflammation in the tumor microenvironment is
critical for tumor progression. Investigating the mechanisms of
production and secretion of pro-inflammatory cytokines and
chemokines in the tumor microenvironment, and exploring

cytokines

lung fibrosis

FIGURE 2

The role of GP73 in immune diseases. GP73 plays functional roles in inducing immune and immunometabolic diseases. (A) HFD upregulates GP73 to
activate NLRP3, facilitating production of pro-inflammatory cytokines and inducing hepatitis. Elevated GP73 also increases very low density
lipoproteins (VLDLs), potentially exacerbating NAFLD. The receptor ASGR1, when functional, mediates the breakdown of circulating GP73. In the
absence or inhibition of ASGR1, GP73 can bind to GRP78 on hepatocytes, exacerbating ERS and thus promoting liver damage. (B) GP73 could
increase the levels of INcRNA NEAT1, enhancing the activation of specific fibrotic markers and promoting lung fibrosis progression. (C) The impact of
GP73 upregulation in T lymphocytes, induced by ConA, remains to be fully elucidated, indicating an area for further research.
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corresponding therapeutic strategies, has become key issues in
tumor immunotherapy (84).

With the advent of immune checkpoint inhibitors (ICIs) such
as programmed death receptor 1 (PD-1) and programmed cell
death ligand 1 (PD-L1) monoclonal antibodies, cancer therapy has
entered a new era (85, 86). The current first-line treatment for HCC
is combining atezolizumab and bevacizumab to block PD-L1 and
vascular endothelial growth factor A (VEGFA) in the tumor
microenvironment, enhancing CD8" T cell-mediated tumor cell
recognition and killing, and inhibiting angiogenesis, thereby
obstructing tumor energy metabolism and suppressing metastasis
pathways (87-89). A recent study indicates that in liver cancer
induced by fibrosis, GP73 within tumor cells activates STAT3
phosphorylation, which in turn upregulates PD-L1, suppressing
CD8" T cell infiltration and promoting tumor growth (90).
Additional studies have shown that the GP73-mediated STAT3
phosphorylation is EGFR-dependent (91). When EGFR is activated
by extracellular EGF, it can interact with intracellular GP73,
enabling GP73 to facilitate STAT3 phosphorylation on the cell-
surface, leading to PD-L1 transcription activation. The findings
above indicate that EGFR, GP73, and PD-L1 synergistically
promote cancer, promising that combining EGFR inhibitors with
PD-LI antibodies can reverse GP73-mediated effects, enhancing
CD8" T cell infiltration and inhibiting tumor growth (91).
Furthermore, GP73 regulates COP9 signalosome complex subunit
5 (CSN5)-mediated deubiquitination of PD-L1, preventing PD-L1
degradation and promoting its translocation to the cell-surface,
thereby inhibiting CD8" T cell infiltration and tumor growth (92).
This study also indicated that GP73 facilitates PD-L1 incorporation
into exosomes, which can be taken up by macrophages, promoting
macrophages polarization into TAMs and further suppressing
CD8" T cell infiltration.

Beyond its role in PD-L1 regulation, GP73 can significantly
influences angiogenesis within the tumor microenvironment. In
hypoxic conditions, GP73 competitively interacts with prolyl
hydroxylase 2 (PHD-2) through its coiled-coil domain, inhibiting
PHD-2-mediated hydroxylation of hypoxia-inducible factor 1o
(HIF-1o) at Pro 564, which prevents ubiquitin-dependent
proteasome degradation of HIF-l1o (22). The effect above
stabilizes HIF-1c, promoting VEGFA transcription and secretion,
resulting in angiogenesis in the tumor microenvironment. Single-
cell sequencing and spatial transcriptomics of HCC samples have
shown that GP73 is not only upregulated in tumor cells but also
highly expressed in vascular endothelial cells (24). Lactylation of
histones in vascular endothelial cells enhances c-Myc-mediated
transactivation of GOLM1I, by which activates STAT3 and boosts
GRP78-mediated ERS. ERS and activation of STAT3 potentiate
GP73-mediated pro-angiogenic functions. The studies above
indicate that GP73 plays functional roles in upregulating PD-L1
and VEGF, and facilitating their translocations. The results above
potentially prove that developing GP73-specific inhibitors might
help enhance the efficacy of ICI therapy.

Since early studies have demonstrated that GP73, by promoting
the membrane transportation and extracellular secretion of EMT-
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related proteins, can facilitate tumor metastasis (27-29), thus, we
have hypothesized that GP73, as a transport protein, can also
modulate the transport and secretion of cytokines and
chemokines, thereby remodeling the tumor microenvironment.
An early study indicated that GP73 can upregulate chemokine
C-C motif ligand 2 (CCL2) in tumor cells and facilitate its secretion
(93). The elevated extracellular GP73 recruits MDSCs, thereby
promoting tumor immune escape and metastasis by MDSC-
mediated inhibition of immune responses. Another study revealed
that GP73 can directly bind to AFP, promoting their co-secretion
into the extracellular spaces (94). The extracellular GP73 and AFP
can activate tumor cell-surface receptors in an autocrine manner.
The effect above attenuates the level of PTEN, activates protein
kinase B (AKT) phosphorylation, and promotes the expression of
EMT-related markers, thereby promoting tumor cell growth and
metastasis. Therefore, GP73, as a transport protein, remodels the
tumor microenvironment by regulating the secretion of related
cytokines and chemokines within tumor cells, thus promoting
tumor development and progression.

The above mentioned content elucidates how GP73 remodels
the tumor microenvironment by regulating the expression and
transportation of proteins associated with immune responses.
Actually, extracellular GP73 can also change the tumor
microenvironment via regulating the signaling pathways of
acceptor cells. A study published in Hepatology indicated that
tumor cell-derived GP73 binds to GRP78 on the surface of
macrophages, aggravating ERS in macrophages (21). ERS
upregulates the expression of CXCL1, CXCL9, CXCL10, and T
cell immunoglobulin and mucin domain-containing protein 3
(TIM3), leading to macrophage polarization and an increased
proportion of TAMs in the tumor microenvironment. TAMs
suppress the functionality of CD8" T cells, thereby suppressing
tumor immunity. Similarly, another study indicated that B cell
lymphoma-originated GP73 can inhibit IL-12 production by
dendritic cells (DCs) and IL-12-induced IFN-y production by
activated T cells (95). The effect above induces polarization of
macrophages toward the TAMs. Subsequent studies revealed that
GP73 is also present in exosomes, and tumor cell-secreted exosomal
GP73 acts on neighboring cells within the microenvironment,
promoting tumor development. One of the studies discovered
that exosomal GP73 secreted by tumor cells can enter other
acceptor tumor cells with low GP73 expression, activating GSK-
3B phosphorylation and inducing upregulation of MMP-1 and
MMP-9, promoting tumor metastasis (96). Another recent study
uncovered that exosomal GP73 from tumor cells can enter vascular
endothelial cells, competitively binding to the E3 ubiquitin ligase
HECT domain containing 1 (HECTD1), preventing the
ubiquitination of substrate protein growth factor receptor-bound
protein 2 (GRB2) (22). Stabilized and upregulated GRB2 activates
the Ras-MAPK pathway, thus promoting angiogenesis in the tumor
microenvironment and advancing tumor development.

Additionally, GP73 can promote autophagy in tumor cells to
reduce apoptosis and attenuate the activity of antigen-presenting
cells (APCs) (97). Dysfunction of APCs hinders the activation and
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infiltration of CD4/CD8" T cells, IFN-y producing cytotoxic T
lymphocytes, and macrophages, thereby suppressing tumor
immunity (98).

These findings indicate that GP73 can facilitate immune escape of
tumor cells by activating immune escape-associated signaling
pathways and expression of cell-surface receptors. It can also
change the expression of cytokines and chemokines to reduce
immune cell infiltration. Besides, extracellular GP73 can modify the
activity and differentiation of neighboring cells, thereby inhibiting
tumor immunity and promoting tumor development (Figure 3).

Conclusion

It has been over 20 years since the GP73 gene was first cloned
(25). Given that GP73 is highly expressed in the pathological tissues
derived from cancer patients, and is detectable in the serum, it has
been regarded as a serum biomarker for the diagnosis of early

10.3389/fimmu.2024.1508034

cancer for decades (75). About 10 years ago, GP73 was discovered to
promote tumor growth and metastasis through the cell-surface
translocation and secretion of tumor-specific proteins (27-29).
This journey to uncover the biological functions of GP73 spanned
over a decade. During this period, although some studies have
indicated that GP73 is not only highly expressed in tumor but also
in virus-infected tissues and tissues from immune diseases (27, 39,
64), suggesting that GP73 may play functional roles in reducing
innate immunity and causing inflammation. However, due to the
complex components of the tissue microenvironment and the
limitations of technologies, the regulatory mechanism of GP73 in
promoting inflammation has not been clearly elucidated for a long
time. With advancements in mass cytometry, single-cell sequencing
and spatial transcriptomics, the significant role of GP73 in the tissue
microenvironment has become more evident (24, 92).
Consequently, recent investigations have begun to explore the
regulatory role of GP73 in the infection, immune, and
tumor microenvironments.
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The role of GP73 in the tumor microenvironment. GP73 is predominantly expressed in cancer cells and substantially deteriorates the surrounding

tumor microenvironment. GP73 is involved in packaging PD-L1 into exosomes, aiding in the transfer of PD-L1 to TAMs. csGP73 also binds to GRP78
on macrophages, fostering TAM polarization through ERS and the release of pro-inflammatory factors. Meanwhile, GP73 can elevate IL-12 levels in
DCs, influencing their secretion patterns. By activating STAT3 in cancer cells, GP73 enhances PD-L1 expression, facilitating immune evasion through
improved PD-1/PD-L1 interactions between cancer cells and CD8" T cells. Additionally, GP73-mediated upregulation of CCL2 could recruit MDCSs
to suppress anti-tumor immunity. Cancer cells-originated GP73 also regulates VEGFA and stabilizes GRB2 which promotes angiogenesis within the
tumor environment. Similarly, GP73 in vascular endothelial cells enhances angiogenesis through activating STAT3 and inducing ERS. Hence, both
csGP73 and exosomal GP73 from cancer cells promote tumorigenesis and metastasis through autocrine signaling, highlighting GP73 as a critical
modulator of inflammation and immunity in the tumor microenvironment.
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The previous studies indicated that GP73 can indirectly
upregulate the tumor metastasis and heterogeneity adhesion-
related proteins, such as N-cadherin, vimentin, MMP-13, MMP-
7, and CD44 (72, 99, 100). Further studies gradually uncovered that
GP73 can promote the transport and secretion of MMP-2 and
MMP-7 (28, 29), the polymerization of vimentin (30), and regulate
the endocytosis and recycling of EGFR (27). These studies have
proved that Golgi vesicle-resident GP73 binds to the substrates
above through the cytoplasmic domain and facilitates their
transport. Thus, it is deemed that GP73, as a Golgi protein highly
expressed in tumor, involves in the transport process of
oncoproteins, thereby promoting tumor growth and metastasis.
Based on the data above, it is hypothesized that upregulated GP73
may also indirectly regulate the expression of pro-inflammatory
cytokines and chemokines and directly participate in their secretion
process, causing inflammation in the tissue microenvironment,
thereby affecting the growth, differentiation, and apoptosis of cells
in the microenvironment. Follow up study with secretome analysis
revealed that GP73 upregulate cytokines and chemokines,
particularly pro-inflammatory cytokines and those related to
immune cell recruitment (21). Follow up studies have shown that
GP73 can also participate in the transport and secretion of these
substrates, proving that GP73 exacerbates inflammation by
promoting the secretion and transport of these factors (92, 95).
The studies above suggests that the pro-inflammatory effect of
GP73 is pluralistic and it needs deep investigations to further
elucidate the mechanisms.

GP73 is upregulated in cells infected by pathogens, activating
the NFkB or inhibiting anti-inflammatory pathways to promote the
expression and secretion of pro-inflammatory cytokines and
chemokines (39, 45, 48). However, the mechanisms of GP73-
mediated inflammation induced by different pathogens vary a lot,
which worth further investigations. Additionally, the mechanisms
of cytokines and chemokines-mediated transactivation of GOLMI
remain unclear. Though an early study has indicated that pro-
inflammatory cytokines produced by GP73 can autocrinely active
GP73 expression, the transcription factors activating GP73 during
the process of infections are still unknown (39). Identifying specific
transcription factors which transactivate GOLM1 could help us to
develop novel drug targets for anti-infective therapies.

GP73 is also upregulated in immune and immunometabolic
diseases, promoting inflammation in the immune
microenvironment. Unlike the effects induced by pathogen
infections, GP73 induces inflammation in the immune
microenvironment through diverse mechanisms, including
activating inflammation-associated signaling pathways via
intracellular GP73 and triggering ERS to activate these pathways
via binding to target cell receptors by csGP73 (19, 64). In addition,
aberrantly expressed GP73, possessing Rab-GTPase activity, may
influence immune and metabolic pathways, contributing to
immunometabolic diseases. Given the complex etiology of the
diseases above, the role of GP73 in these diseases may also be
worthy of further investigations.
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Early studies showed that GP73 is a Golgi transport protein in
tumor cells, responsible for the cell-surface translocation and
secretion of EMT-related proteins (27-29). With the vigorous
development of multi-omics technologies, it has been gradually
revealed that GP73 promotes tumor growth by facilitating the
expression and secretion of pro-inflammatory cytokines and
chemokines, promoting chronic inflammation in the tumor
microenvironment to suppress tumor immunity and accelerate
tumor immune escape (21, 24, 92). The effect above causes
chronic inflammation in the tumor microenvironment, reduces
the activity of CD8" T cells (92), promotes the differentiation of
macrophages into TAMs (21), and facilitates immune escape of
tumor cells by enhancing PD-1/PD-L1 interaction (91, 92). Besides,
it is considered that the function of ¢sGP73 in the tumor
microenvironment is noticeable. Subsequent study has revealed
that csGP73 can interact with the cell-surface GRP78 and cause
ERS in acceptor cells, thereby promoting tumor growth or inducing
macrophage polarization (21). Furthermore, exosomal GP73 can
directly regulate the signaling pathways of tumor cells through an
autocrine manner to promote their growth and metastasis (96), or
enter the vascular endothelial cells and bind to the functional
proteins through its coiled-coil domain to suppress their
functions (22), thereby regulating the intracellular signaling
pathways and promoting angiogenesis in the tumor
microenvironment. Given that different effects of ¢sGP73 in the
tumor microenvironment have been shown in the studies above, we
believe that the function of csGP73 in the tumor microenvironment
is beyond our recognition. Investigating the functional roles of
c¢sGP73 in the tumor microenvironment will become a very
interesting study.

However, some remaining issues are still worthy of further
investigation. Most of the studies believe that GP73 exerts its
biological functions via binding to the substrates with its
cytoplasmic domain. However, GP73 consists of 401 aa, and the
cytoplasmic domain only takes up 12 aa (101). Therefore, the
coiled-coil domain of 56-401 aa might exert its unique and
critical biological functions. Some previous work has indicated
that the intra-Golgi coiled-coil domain of GP73 can interact with
APOE to facilitate the secretion of HCV (38), and moreover,
csGP73 can also competitively bind to effector proteins in target
cells through the coiled-coil domain to inhibit their biological
functions, thereby regulating intracellular signaling pathways (22).
A recent study manifested that the coiled-coil domain of GP73 can
form tetrameric structure, but the biological functions of tetrameric
GP73 are still unknown (33). Thus, we know very little about the
function of the coiled-coil domain of GP73, and investigating the
functional roles of the coiled-coil domain of GP73 will also become
a hot topic in the future.

Finally, although most studies have shown that GP73 is
predominantly expressed in pathogen-infected host cells,
inflammatory cells and tumor cells, it has shown that GP73 is
also upregulated in vascular endothelial cells (24). An early study
has revealed that conA can activate the expression of GP73 in
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PBMC (56), but its function has not been clearly explained yet.
Investigating the functional roles of GP73 in immune cells within
inflammatory microenvironments could provide a theoretical basis
for developing GP73 inhibitors, enhancing its potential as a drug
target against infectious diseases, immune diseases and tumor via
perfecting the microenvironment.
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