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Abstract: Cell surface proteins act as the go-between in carrying the information from the extracellular
environment to the intracellular signaling proteins. However, these proteins are often deregulated
in neoplastic diseases, including hepatocellular carcinoma. This review discusses several recent
studies that have investigated the role of cell surface proteins in the occurrence and progression of
HCC, highlighting the possibility to use them as biomarkers of the disease and/or targets for vaccines
and therapeutics.
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1. Introduction

Proteins at the cell surface mediate the response to intra- and extracellular stimuli, orchestrating
the crosstalk between the cells and the surrounding environment. The cell surface proteome that
is the profile of the proteins present on the plasma membrane at a specific time is currently under
investigation. Their strategic localization and their involvement in signalling pathways regulating
important biological processes raise the interest of the biomedical research since they represent a source
of potential therapeutic targets and diagnostic/prognostic markers. In cancer, the aberrant expression
of these proteins on neoplastic or neoplastic-associated cells, such as immune and endothelial cells,
deeply affects normal biological functions and induce cancer proliferation, progression and recurrence.

Hepatocellular carcinoma (HCC) is recognized as the second most common cause of cancer-related
mortality and the most frequent diagnosed primary liver malignancy worldwide. Global HCC burden
has risen to 841,080 new diagnosed cases and 781,631 deaths (GLOBOCAN database 2018), and
the incidence is expected to increase in the next years [1,2]. The aggressiveness, the propensity to
metastasize both intra- and extra-hepatic, and the frequent postoperative recurrence are the main
characteristics of HCC. The late diagnosis caused by the paucity of specific symptoms and the limited
spectrum of effective therapies are often responsible for the poor prognosis, making HCC a public
health and economic concern.

The majority of HCC cases are associated with liver cirrhosis derived from Hepatitis B virus (HBV)
or Hepatitis C virus (HCV) infections, chronic and autoimmune hepatitis. Alcohol abuse, non—alcoholic
fatty liver disease (NAFLD), non—alcoholic steatohepatitis (NASH), aflatoxin B1 exposure, diabetes
mellitus, obesity, and tobacco use are additional risk factors contributing to HCC development [2]. The
multiplicity of risk factors associated with HCC, together with different pathogenesis, clinical course
and prognosis contribute to the high heterogeneity of the disease, complicating the diagnosis and the
treatment [3].
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In the last decade, several progresses have been made in improving the prevention, the diagnosis
and the treatment of HCC. Avoidance of the exposure to the risk factors potentially reduce the incidence
of HCC. The implementation of vaccination programs against HBV significantly reduced the burden
of HBV-related HCC [4]. In addition, the administration of antiviral agents blocking HBV and HCV
chronic infections impaired the progression of the disease and probably HCC development [5-7].
Traditionally, surgical resection and liver transplantation are the treatments of choice indicated for
early-stage HCC, resulting in a ~5-year survival expectancy. Transarterial chemoembolization (TACE)
is usually recommended at intermediate stage, with variable 2- to 5-year survival rates, whereas at
more advanced stage, only systemic therapies based on sorafenib and regorafenib administration
are effective in improving the outcome of the patients. However, in this case, the overall survival is
~1 year [2]. However, chemotherapy is not effective for the emergence of drug resistance genes in some
patients [8]. Importantly, novel immunotherapeutic interventions, especially those based on immune
checkpoint inhibitors, have been entered in clinical trials showing promising results [9].

Nevertheless, the immunosuppressive microenvironment that characterizes the liver and the
lack of tumor-associated antigens specific to HCC limit the efficacy of these treatments. Therefore,
the current needs in the HCC research field rely on: i) the identification of new biomarkers for the
early detection of HCC; ii) the discovery of new therapeutic targets to develop precision medicine
approaches according to the subtypes of the disease, focusing on the characteristics of the individual
patient. To those aims, the proteomic landscape of HCC is currently under investigation to identify
differentially expressed proteins or neo-antigens specific for HCC that might promote the design of
innovative clinical interventions to improve the management of HCC patients.

The goal of this review is to provide an overview of the most relevant cell surface-bound proteins
known to have a role in HCC tumorigenesis and progression, and their current or potential implication
in the diagnosis, prevention and treatment of HCC.

2. The Cell Surface Proteome of HCC

Integrated multi-omic approaches allowed the characterization of HCC tissues, along with in vitro
models of HCC to dissect the molecular mechanisms of the disease. Several alterations of the cell
surface proteome were attributed to both HCC cells and HCC microenvironment-associated cells (i.e.,
fibroblast, endothelial, and immune cells) and extracellular matrix (ECM) that play a pivotal role in
supporting cancer proliferation, growth and invasion.

We overviewed selected dysregulated proteins and proteins related to altered signaling pathways
with respect to their impact on HCC, as illustrated in Figure 1, and we grouped them according
to their structural and biological function in receptors, cell adhesion molecules, transporters,
mucins, glycosylphosphatidylinositol-anchored (GPI)-anchored proteins, and other cell surface-bound
proteins. For each mentioned protein, we highlighted the molecular mechanisms known to have
a role in hepatocarcinogenesis and tumor progression (i.e., tumor growth, angiogenesis, invasion,
epithelial-mesenchimal transition (EMT), migration and metastasis) as well as their clinical relevance
as biomarkers and/or target candidates for more effective therapies and vaccination strategies against
the tumor. We apologize in advance for not reviewing other relevant studies in the field, due to space
limitations. Finally, we underlined the completed and ongoing clinical trials targeting the mentioned
cell surface proteins we focused on, summarized in Table 1.
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Figure 1. Schematic representation of cell surface receptors involved in hepatocarcinogenesis and

HCC progression. EMT: epithelial-mesenchymal transition; ECM: extracellular matrix; HSC: hepatic

stellate cells.

Table 1. Summary of the clinical trials registered in ClinicalTrial.gov. N/A: not applicable.

Target Studies  Phase ClinicalTrial.gov Identifier
VIL I 1L 11T, NCT02273362; NCT01219543; NCT00752063; NCT03499626;
I 1L 11 ; 10 NCT03203837; NCT00532441; NCT00071994; NCT00047346;

HGER " LI T NCT00365391; NCT03319459; NCT03829436; NCT00107536;
N/A LT, NCT00033462; NCT03176485; NCT04106167; NCT03841110;
I1; N/A; N/A; NCT02465060; NCT03042520; NCT01043523; NCT03170960;
VI 1 NCT03993873

CCR25 1 il NCT04123379

CCR7 1 NA NCT03203837

oXCLI0 1 I NCT02650427

CXCR6 1 i NCT04025567

D105 3 YIL; 1L /1T NCT02560779; NCT01375569; NCTO1306058

ANXA2 1 NA NCT02541149

MUCI 3 VI L, 111 NCT02587689; NCT02839954; NCT03563170

Tim-3 i NCT03680508
NA; LIIL T;
LT NCT03146234; NCT02905188; NCT03084380; NCT03884751;

e 16 B NCT03980288; NCT04121273; NCT02723942; NCT02395250;

LUILG NCT04093648; NCT03198546; NCT02715362; NCT03130712;

E};@i;’ NCT03086564; NCT03175705; NCT03302403; NCT02959151

D17 2 I\ NCT03993743; NCT00829465

3. Receptors

3.1. Tyrosine Kinase Receptor Family (TRK)

Epidermal Growth Factor Receptor (EGFR)

The epidermal growth factor receptor (EGFR) is a single chain transmembrane glycoprotein
belonging to the tyrosine kinase receptor family (TRK), frequently expressed in epithelial tumors.
Ito et al. found that EGFR was expressed in 68% of the HCC analyzed. The study highlighted a
key role for EGFR in HCC progression since its expression correlated with high proliferation rate,
advanced tumor stage, the presence of intrahepatic metastasis and poor disease-free survival [10].
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Recently, Lopez-Luque et al. described that EGFER is frequently downregulated in HCC patients,
and the concomitant upregulation of TGF-3 has prognostic value [11]. Several EGFR inhibitors have
entered the clinical practice. Song et al. first reported the use of nimotuzumab, a humanized anti-EGFR
monoclonal antibody (mAb) that blocks cancer cell proliferation, invasion, and metastasis, to treat an
87-year-old HCC patient, resulting in complete disease remission. This clinical case suggested that
this mAb might be a promising alternative for HCC therapy, especially for those patients unable to
respond to chemotherapy and surgery [12].

3.2. G-Protein-Coupled Receptors (GPCR)

G-protein-coupled receptors (GPCR) are a superfamily of seven transmembrane proteins acting
as signal transducers that activate different downstream signaling pathways. They are divided
into 6 classes: class A (rhodopsin-like), class B (secretin receptor family), class C (metabotropic
glutamate/pheromone), class D (fungal mating pheromone receptors), class E (cyclic adenosine
monophosphate (cCAMP) receptors), and class F (frizzled/smoothened).

Several evidences revealed that aberrant expression of GPCR, especially those belonging to the
class A and class F, had a crucial role in HCC tumorigenesis and progression, as extensively reviewed
by Peng et al., and Chan and Lo [13,14].

3.2.1. Chemokine Receptors

Chemokine receptors expressed on HCC cells regulate proliferation, migration, invasion and
apoptosis of HCC cells after binding to their cognate ligands. Many evidences showed that these
receptors trigger the activation of the phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/protein
kinase B (Akt) signaling pathway, thus resulting in HCC occurrence and development.

CC chemokine receptor (CCR) 1 is highly expressed in human HCC tissues and the C-C motif
chemokine ligand (CCL) CCL15/CCR1 axis has an important role in HCC cell migration and invasion
through the matrix metalloproteases (MMP) MMP-2 and MMP-9-dependent extracellular matrix
degradation [15]. Moreover, it was recently found that CCL15 induced the recruitment of CCR1*
CD14+ monocytes to HCC invasive margin; in turn, monocytes suppressed the anti-tumor immune
response and promoted tumor metastasis. Therefore, blocking the CCL15/CCR1 axis might represent a
promising therapeutic approach to reduce HCC growth and metastasis in vivo [16].

CCR2 and its ligand CCL2 are expressed by both tumoral and non-tumoral cells within HCC
tissues [17], and the chemoattracting function of CCL2 was well established. High levels of CCL2
in tumoral and peritumoral tissues associated with poor patient survival. The CCR2 antagonist
RDCO018 inhibited HCC growth and metastasis and suppressed murine liver tumor growth via
activating T cell antitumor immune response [18]. Bartneck et al. reported that CCR2* tumor
associated—macrophages 1 (TAM1) with pro-inflammatory and pro-angiogenic properties accumulated
at HCC margin. Pharmacological inhibition of CCL2 impaired the CCR2* TAM1 recruitment, thus
suppressing angiogenesis and HCC progression [19]. The accumulation of macrophages and hepatic
stellate cells was reduced in CCR2-deficient mice, thus affecting neovascularization [20]. Another
study showed that CCL2 induced the migration of myeloid suppressor cells (MSCs) to tumor site,
inducing tumor immune evasion [21]. Zhao et al. showed that the CCL2/CCR?2 axis was involved in
the recruitment of the myeloid cell subset CD11b/Gr1™4, responsible for the occurrence of colorectal
cancer liver metastasis; moreover, the inhibition of the CCL2/CCR2 axis significantly affected tumor
burden [22]. Additional evidences of the CCR2 involvement in promoting metastasis come from the
study of Zhuang et al. showing that CCL2 promoted HCC invasion and EMT via the Hedgehog
signaling activation [23]. By contrast, CCL2 induced the Th1l and CD8+ T cells and natural killer
(NK) cells recruitment into the tumor microenvironment (TME), determining cancer cell death, thus
contributing to prolonged patient survival [24].

CCR5/Rantes axis induced the recruitment of macrophages into the inflammation sites of the
liver, playing a crucial role in the inflammation-induced tumorigenesis [17,25]. Of note, treatment
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with Maraviroc, the CCR5 antagonist, reduced mortality, liver fibrosis, and tumorigenesis in a mouse
model of HCC [26]. A phase II clinical trial utilizes BMS-813160, a CCR2/5-inhibitor, in combination
with nivolumab to examine the possibility to gain a significant anti-tumoral immune response and
improvement in long term survival rates of HCC patients.

CCR6 plays a role in tumor progression and invasion. The CCR6/CCL20 axis, in fact, regulated
IL-17-producing Th17 cells that accumulated in the TME, promoting angiogenesis [27]. Moreover,
the axis mediated the migration of circulating Tregs in the TME, thus resulting in cancer progression
and poor prognosis in patients [28]. Qiu et al. found that the cell surface nucleolin expressed in HCC
tissues participated to the CCR6 signaling pathway, leading to adhesion, migration, and invasion of
HCC cells. Therefore, nucleolin could be used as a biomarker of poor prognosis and as a therapeutic
target in the clinical practice [29].

High expression of CCR7 was related to the processes of both intrahepatic and lymphatic invasion
of HCC cells [30]. Interestingly, Chen et al. showed that the accumulation of CCL21, the cognate ligand
of CCRY7, created an anti-tumor environment due to the increase of both the number of T cells and
dendritic cells and the levels of IL-12 and IFN-y at tumor site. Therefore, they suggested that CCL21 is a
promising tool for HCC immunotherapy [31]. A recent study reported that the HCC progression and the
poor survival of patients may be associated with high CCR7 expression. The same authors highlighted
a novel mechanism by which CCR7 up-regulation inhibition promoted EMT via histone deacetylase
(HDAC) [32]. CCR?7 is one of the immune biomarkers whose percentage changes are analyzed in an
observational study of HCC patients who undergo lobar TheraSphere radioembolization.

CCR9 is notably up-regulated in HCC tissues, and this was related to the presence of several tumor
nodes, high Edmondson-Steiner grade and vascular invasion. CCR9 promoted tumor proliferation by
increasing the number of HCC cells at S phase, increasing the expression of the cell cycle regulators
p21 and p27and concomitantly reducing cyclin D1 levels [33].

High levels of C-X-C chemokine receptor (CXCR) 2 correlated with progression and poor prognosis
in human HCC. The CXCL5/CXCR2 axis induced EMT and promoted the migration and invasion of
HCC cells by activating the PI3K/Akt/GSK-33/Snail and PI3K/Akt/ERK1/2 signaling pathways [34].
In addition, CXCL5 induced the infiltration of peri-tumoral neutrophils, promoting tumor angiogenesis
and growth [35]. Li et al. found that the CXCR2/CXCL1 axis correlated with the infiltration of CD15+
neutrophil into both intra- and peri-tumoral sites. The axis represented an independent prognostic
factor in HCC as well [36].

CXCL9 binding to CXCR3 activated extracellular signal-regulated kinases 1 and 2 (ERK1/2)
signaling, with consequent increased MMP2 and MMP9 expression that, in turn, promoted the invasion
and metastasis activity of the CD133+ cancer stem cells [37]. An additional study showed that the
up-regulation of the chemokine interferon-y inducible protein 10 kD (CXCL10)/CXCRS3 signaling
determined HCC recurrence after transplantation, by inducing the mobilization and the recruitment of
Tregs at liver graft injury [38]. A phase I clinical trial analyzes the safety of sitagliptin treatment, a
dipeptidylpeptidase IV inhibitor, as a strategy for protecting CXCL10 activity as a means to enhance
tumor regression.

Several studies have highlighted a crucial role of CXCR4 during HCC progression. The
CXCL12-mediated perinuclear translocation of CXCR4 in Huh7/Hep3B cells increased the invasiveness
of Huh? cells. In addition, CXCR4 expression in HCC tissues strikingly correlated with progressed
local tumors, lymphatic metastasis, distant dissemination, and decreased 3-year survival rate [39,40].
Bertran et al. observed that CXCR4 localization at tumor border and perivascular space might contribute
to tumor dissemination [41]. The crosstalk between CXCL12/CXCR4 axis and different molecules
was observed. The crosstalk with the transforming growth factor-p (TGF-) increased cancer cell
migration [41], whereas the CXCL12/CXCR4-mediated MMP10 expression via the ERK1/2 signaling
pathway contributed to the HCC progression and metastasis [42].
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Monnier et al. found marked CXCR?7 expression on endothelial cells under hypoxic and acidic
pH conditions, typical of TME [43]. Increased CXCR?7 expression was found in HCC tissues, where it
played a critical role in proliferation, migration, invasion and angiogenesis of HCC cells [44-46].

High expression of CXCL16 and CXCR6 promoted HCC invasiveness and a pro-tumor
inflammatory environment caused by the recruitment of neutrophils. This event associated with poor
patient outcome; therefore, the inhibition of this pathway may improve the prognosis after HCC
treatment [47]. Oral administration of vancomycin altered gut commensal bacteria in mice, increasing
CXCL16 expression of liver sinusoidal endothelial cells, thus recruiting hepatic CXCR6+ NKT cells
that exert anti-tumor effect [48]. A phase II trial examines whether oral vancomycin therapy affects the
relative CXCR6 gene expression levels in the liver in paired pre- and on-treatment biopsy samples
from hepatic lesions in patients with unresectable fibrolamellar HCC, a rare liver cancer.

Interestingly, high levels of CX3CL1/CX3CR1 in HCC tissues correlated with fewer intra- and
extrahepatic recurrences, low PCNA labeling index (PCNALI), leading to a better prognosis regarding
disease-free and overall survival of patients [49]. Therefore, CX3CR1 could be considered a prognostic
marker for patients with HCC and a good target for immunotherapies to prevent HCC.

Yanru et al. demonstrated that X-C motif chemokine receptor 1 (XCR1) played a dual role in HCC,
impairing tumor growth and tumorigenesis, via MAPK and PI3K/Akt signaling pathways, whereas it
promoted EMT that induced metastasis [50].

3.2.2. E-Prostanoid Receptors

E-prostanoid receptors EP1, EP2, EP3, and EP4 are a class of GPCR that binds to prostaglandin E2
(PGE2). They have a role in HCC tumorigenesis and progression, modulating the growth, adhesion,
invasion, metastasis and angiogenesis of tumor cells [51]. EP1 overexpression in HCC cells promoted
cell invasion via EMT [52]. In addition, EP1 induced (31-integrin expression which, in turns, activated
the protein kinase C (PKC)/ nuclear factor kappa B (NF-«kB) signaling pathway, thus resulting in HCC
migration [53]. Breinig et al. demonstrated that the PGE2 protumorigenic effects are transmitted
via EP1 and EP3 receptors in HCC cells, since EP1 and EP3-receptor-antagonism decreased cell
viability and induced apoptosis in HCC cells. Therefore, the authors suggested that targeting EP1 and
EP3-dependent signaling might be a chemotherapeutic strategy against HCC. [54].

PGE2 binding to EP2 mediated the up-regulation of the Snail protein through the EP2/Src/
EGFR/Akt/mTOR pathway in Huh-7 cells, promoting HCC cell invasion and migration [55]. Moreover,
PGE2 upregulated c-Myc expression through the EP4R/GS/AC/cAMP/PKA/CREB signaling pathway,
thus promoting cell growth and invasion in HCC cells [51].

3.2.3. Lysophosphatidic Acid Receptors

There are six identified lysophosphatidic acid (LPA) receptors (LPAR1-6) normally involved in
the regulation of proliferation, motility and migration. Sokolow et al. reported changes in LPAR1,
3 and 6 mRNA and protein expression in HCC and, in particular, a significant increase of LPAR6 in
HCC compared to normal and non-tumor livers. In vitro studies on hepatoma cell lines have shown
that LPA treatment induced the growth and increased the motility of HuH? cells in a dose-dependent
manner, whereas it moderately increased the proliferation of HepG2 cells, without affecting their
motility [56]. Mazzocca et al. demonstrated that LPA mediated the recruitment of peritumoral
tissue fibroblasts that transdifferentiated into myofibroblasts, enhancing proliferation, migration, and
invasion of HCC cells. Therefore, the authors suggested that LPA inhibition could effectively impair
tumor progression [57]. Park et al. found that MMP-9 was a downstream effector of LPAR1 in HCC
tissues. LPAR1 up-regulation induced MMP-9 by a mechanism involving the phosphatidylinositol
3-kinase (PI3K) and the mitogen activated protein kinase (MAPK) p38 signaling pathways, with
subsequent increase of the HCC cell invasiveness [58]. Zuckerman et al. observed high levels LPAR1
and LPAR3 expression in the microenvironment between the tumor and non-tumor liver as well as in
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SKHepl1 cells. In addition, the authors found a subset of LPAR3+ cancer stem cells in the same region
that might mediate HCC invasion and expansion via LPA-LPAR3 signaling [59].

3.2.4. Adrenergic Receptors

Adrenergic receptors are a class of GPCR, which are the targets of catecholamines to regulate
sympathetic neurotransmission and other biological processes. «1-AR was downregulated in HCC
tissues, leading to alterations of the cancer metabolism of carbohydrates and wasting syndrome in
patients [60]. Activated 1-AR and 32-AR have a role in promoting tumor metastasis by a mechanism
involving the release of EGF-like ligands by the MMP-7 [61]. In addition, high levels of 32-AR associated
with poor prognosis after resection. Wu et al. showed that 32-AR was a negative regulator of autophagy,
leading to hypoxia-inducible factor-1c stabilization, reprogramming the glucose metabolism of HCC
cells, and the resistance to sorafenib; therefore antagonist of this receptor could represent novel
therapeutic tools for HCC and chemoresistance [62].

3.2.5. Frizzled Receptors (FZD)

Frizzled (FZD) proteins are a class of GPCR composed by ten members (FZD1-10) involved in
the canonical Wnt/p-catenin signaling pathway, frequently activated in HCC. Besides mutations of
specific genes, deregulation of key mediators of this pathway, including FZD receptors, was reported
to affect Wnt activation, as suggested by the increased expression of [3-catenin target genes in HCC as
a consequence of the up-regulation of FZD7 [63].

An extensive transcriptomic analysis revealed that the up-regulation of FZD3/6/7 and Wnt3/4/5,
and the concomitant downregulation of the antagonists of the Wnt pathway sFRP1/5 are common
features in the 95% HCC and 68% peritumors. The high expression of the three FZD was associated
with the activation of downstream signaling pathways involving not only the canonical (3-catenin,
but the noncanonical PKC and c-Jun N-terminal kinases (JNK) pathways as well. In addition, FZD7
dysregulation frequently associated with HBV-related HCC, whereas dysregulation of FZD3/6 was
homogeneously distributed among HBV, HCV, and non-B, non-C (NBNC) hepatitis-related HCCs [64].

Several studies improved the knowledge on the functional role of FZD7 in HCC. Deregulation
of FZD7 generally occurs at the early steps of the hepatocarcinogenesis [63,65]. A study highlighted
that FZD?7 is the direct transcriptional target of Sox 9, the sex-determining region Y (SRY)-related
high-mobility-group box transcription factors member, that drives the FZD7-mediated activation of
the Wnt signaling pathway, conferring stem cell-like features to HCC cells [66]. A recent study showed
that FZD7 is also a target of miR-504, which exerts a suppressive role in HCC through inhibition of
the Wnt signaling and, consequently, tumor progression. Therefore, the mir-507/FZD7/Wnt signaling
axis might be a potential target for antitumor therapies [67]. In this line, pharmacological inhibitors or
soluble FZD7 peptide aimed at inhibiting the function of FZD7 are thought to act as antitumor tools on
HCC both in vitro and in vivo [68,69].

FZD2 transcripts were found to be overexpressed in late-stage clinical cases of HCC and correlated
with poor patient survival [70]. An additional study showed that FZD2 up-regulation induced EMT
and enhanced cell migration and invasiveness, and related to poor recurrence-free survival [71]. An
in vitro study reported that the Let7b-mediated downregulation of FZD4 inhibited the Wnt/{3-catenin
signaling, reducing the ratios of liver cancer stem cells and impairing the proliferation, invasion, and
migration of liver cancer cells [72]. In a mouse model of HCC, FZD6 upregulation contributed to tumor
progression, by a mechanism regulated by miR-194 [73]. FZD9 has reported to have an important
role in HCC tumorigenesis, inducing cell proliferation and motility of HCC cell lines [74]. Capurro
et al. reported that FZD4/7/8 interacted with the heparin sulfate chains of glypican-3, triggering the
formation of a signaling complex between Wnts and FZD at the cell membrane [75].
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3.2.6. Adhesion Receptors

Cluster of differentiation 97 (CD97) is a member is a member of the adhesion subfamily of
GPCR. Yin et al. have been recently described human CD97-high and CD97-low HCC samples. No
correlation with age, gender, hepatitis B surface antigen, hepatitis C virus, cirrhosis, alpha-fetoprotein,
and Edmondson grade were reported. On the other hand, CD97 overexpression correlated to poorer
relapse-free survival, increased vascular invasion, intrahepatic and distant metastasis, and tumor size.
The authors suggested that the stimulatory role of CD97 in HCC metastasis relied on an integrated
regulatory interaction between CD97 and GRK6: In absence of GRK6, CD97 up-regulation promoted
MMP2 and MMP9 secretion, thereby facilitating metastasis. Of note, overexpression of CD97 in HCC
cells accelerated lung metastasis in vivo [76].

3.2.7. G protein Receptor Kinases (GRKs)

Wei et al. reported that the G protein coupled receptor kinase 2 (GRK2) negatively regulated the
TRK family member insulin-like growth factor-1 receptor (IGF-1R) signaling pathway in HepG2 cells.
Indeed, GRK2 knockdown increased IGF-1R expression and phosphorylation, without improving cell
growth, and induced a small cell cycle arrest at G2/M phase by enhancing the expression of cyclin A,
B1, and E as well. [77]. Ma et al found that GRK2, by downregulating the early growth response-1
(EGR1) expression, inhibited the IGF1-induced HCC cell growth and migration, suggesting that GRK2
might represent a therapeutic approach in HCC treatment [78].

3.3. Cluster of Differentiation 44 (CD44)

The cluster of differentiation 44 (CD44) is a transmembrane glycoprotein receptor for several
ligands, including ialuronic acid, osteopontin, collagen, fibronectin, and a co-receptor for EGFR
and c-Met.

CD44 is expressed by the myeloid cells in the liver under healthy conditions, namely Kupffer
cells and lymphocytes [79]. However, during cancer progression, CD44 expression increased in HCC
progenitor cells (HcPCs) [80,81]. Moreover, together with epithelial cell adhesion molecule (EpCAM),
CD133, CD90, CD24, and CD13, CD44 was also characterized as a cancer stem cell (CSC) marker [82].
Dhar et al. have recently gave insight into the involvement of CD44 in HCC. They found that CD44
protected hepatocytes from DNA damage by inhibiting the apoptotic response and the cell cycle arrest
mediated by the tumor suppressor protein p53, thus resulting in carcinogenesis [81].

As a consequence of alternative mRNA splicing, the standard CD44 isoform (CD44s) and the
variant CD44 isoforms (CD44v) exist [83]. Asai et al. found that CD44s was essential for maintaining
cancer stemness of the hepatoma cell line HuH7 through a mechanisms involving NOTCH3 and
regulated the oxidative stress response as well [84].

Gao et al. reported that CD44 is essential in maintaining the mesenchymal phenotype, since
CD44 knockdown reversed EMT, inhibiting the invasion and metastasis of HCC both in vitro and
in vivo, partially due to the inhibition of ERK/Snail signaling pathway [85]. Interestingly, Yang et al.
have recently reported that high levels of cholesterol induced CD44 translocation into lipid rafts, and
attenuated CD44-ezrin binding, which is essential for migration of cancer cells and the formation of
metastasis. The authors suggested that therapeutic approaches aimed at retaining CD44 might increase
the survival of HCC patients [86].

3.4. Endoglin (CD105)

Endoglin is a transmembrane glycoprotein expressed by activated endothelial cells acting as
a co-receptor for the TGF-. Endoglin is preferentially expressed on activated liver sinusoidal
endothelial cells with high angiogenic, migration, and anti-apoptotic properties. Kasprzak and
Adamek extensively reviewed the role of endoglin in HCC angiogenesis [87]. TRC105, a chimeric
IgG1 anti-CD105 monoclonal antibody, was tested in a phase I/II clinical trial to evaluate whether the
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combination therapy is more effective than sorafenib alone to arrest tumor growth and reduce tumor
size for HCC patients who did not respond to other treatments.

3.5. Receptor for Adenovirus and Coxsackievirus (CAR)

The receptor for adenovirus and coxsackievirus (CAR), a type 1 transmembrane component of
the tight junction complex, is involved in the binding of group B coxsachievirus and a number of
adenovirus subtypes [88]. Evidences coming from the analysis of the expression in several malignancies
revealed that CAR is differentially regulated depending on the type of tumor. High levels of CAR were
detected in HCC at advanced stages of the disease [89].

3.6. Bone Marrow Stromal Cell Antigen 2 (BST2)

The bone marrow stromal cell antigen 2 (also referred as BST2, tetherin, CD317, or HM1.24
antigen) is a type Il transmembrane glycoprotein that tethers budding enveloped virus on the cell
membrane for their subsequent endocytosis and degradation at the lysosomal compartment [90,91].
BST2 inhibited the release of DENV virions from Huh? cells and limited viral cell-to-cell transmission.
BST2 overexpression was reported in several tumors. Li et al. uncovered the anti-apoptotic function
of BST2 in serum-starved Hep-G2 cells. The authors suggested that BST2 can be a useful target for
combined antiangiogenic cancer therapies, since cancer cells can experience nutrient deprivation
during progression and/or treatments that disrupt vascularization [92].

4. Cell Adhesion Molecules

Integrins

Integrins are integral membrane glycoproteins composed of noncovalently associated «- and
B-subunits, resulting in 24 known heterodimers. Integrins have two main physiological roles: They
act as cell surface receptors and mediates cell adhesion to the extracellular matrix (ECM), triggering
signaling pathways that regulates proliferation, differentiation and motility [93].

High levels of B1 integrin (ITGB1) were detected in HCC tissues and multicellular spheroids of
HCC cells [94]. Several studies reported that ITGB1 overexpression associated with tumor progression
and drug resistance [95,96]. Tian et al. highlighted the role of ITGB1 in preventing HCC cells
proliferation inhibition and apoptosis induced by chemotherapy drugs through the activation of the
focal adhesion kinase (FAK)/Akt signaling pathway [94]. Of note, ITGB1-dependent activation of the
FAK pathway was promoted by collagen I deposition in NASH, thus resulting in HCC proliferation [97].
Zhang et al. first reported that integrin «9p1 (ITGA9) decreased in HCC patients and negatively
correlated with HCC proliferation, migration, and invasion through the FAK/Src-Rho GTPase signaling
pathway [98]. MINT1526A (RG-7594), a humanized monoclonal antibody that blocks the interaction of
a5p1 integrin with its ECM ligands, showed good tolerability and preliminary evidences of efficacy in
combination with bevacizumab in a phase I clinical trial [99].

Integrin (34 (ITGB4) overexpression was detected in both HCC tissues and hepatoma cell lines.
In vitro and in vivo evidences showed that ITGB4 promoted HCC proliferation, EMT, invasion,
and metastasis by a mechanism involving the transcription factor Slug through AKT/Sox2-Nanog
pathway [100].

5. Transporters

5.1. Annexins (ANXs)

Annexins are a family of Ca?*-dependent phospholipid-binding proteins, located on the surface
of most eukaryotic cells. Among the five groups of annexins (A-E), human annexins belong to group A
including 12 members (ANXA1-A11 and ANXA13). Each member exerts different functions involved
in vesicle trafficking, cell signaling, ion transport, cell division, and apoptosis. Structurally, annexins
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are characterized by two domains: a conserved protein core of highly and tightly packed «-helix,
containing the Ca?* and the membrane binding sites, and an N-terminal domain specific for any
member that confers the different properties [101].

Dysregulation of annexins expression was reported in a variety of cancers, including HCC.

Yu et al. detected high expression levels of ANXAL in poorly differentiated rather than
well-differentiated or moderately differentiated HCC cell lines such as Mahlavu and SK-Hep-1
cells, suggesting a role of ANXAL in the invasive capacity of HCC cells that improved their metastatic
potential [102].

A cDNA microarray analysis revealed that ANXA2 gene was up-regulated in the sinusoidal
endothelium and in the malignant hepatocytes of HCC tissues, thus indicating that it might be a
marker for angiogenesis in HCC [103]. Yan et al. found that in cancer-associated mesenchymal stem
cells (MSC), ANXA2 was bound by the long noncoding RNA IncRNA-MUF, a novel critical player in
the MSC-mediated HCC progression. This interaction triggered the activation of the Wnt/3-catenin
signaling pathway, accelerating the EMT process [104]. Moreover, the serum of HCC patients at
early stage of the disease contained higher ANXA2 concentrations compared to those of healthy
subjects, further suggesting that ANXA2 played an important role in HCC progression [105]. Shaker et
al. investigated the clinical utility of ANXA2 serum levels as a novel diagnostic marker of HCC in
Egyptian patients, suggesting that ANXA2 might be a good biomarker for the early detection of HCC
for the higher sensitivity, specificity, and positive and negative predictive values compared to that of
alpha-fetoprotein (AFP) [106].

Pan et al. reported that ANXA3 was up-regulated at both mRNA and protein level in human
HCC tissues compared to the adjacent non-tumoral tissues. They found that ANXA3 overexpression
correlated with more aggressive HCC characteristics, including the presence of multiple tumor lesions,
larger tumors, and advanced tumor stage and, consequently, poor prognosis of HCC patients [107].
Tong et al. also demonstrated that ANXA3 was the most significant up-regulated protein in the
liver subset of CD133+ cancer stem cells and both the endogenous and the secreted proteins had
a role in promoting HCC aggressiveness and stem cell-like properties [108]. The same group has
recently reported that the enrichment in ANXAS3 conferred resistance to sorafenib therapy to HCC
cells by a mechanism partially involving the concomitant induction of autophagy and suppression of
PKCb/p38-dependent apoptosis, thereby promoting cell survival. Interestingly, they found that an
anti-ANXA3 mAb blocked cell proliferation inducing cell death in vitro, and enhanced the sensitivity
of HCC patient-derived organoids to sorafenib treatment. Therefore, this study highlighted that
ANXAS3 is a useful target to treat the resistance to sorafenib therapy [109].

A large cohort-study carried out by Chen et al. showed that ANXA4 expression was
significantly up-regulated in HCC tumor with early recurrence/metastasis and correlated with both the
clinicopathologic characteristics and the poor overall survival of HCC patients. The overexpression
of ANXA4 in vitro increased HCC cell migration and invasion via the EMT regulation, supporting a
potential role for ANXA4 in HCC progression [110].

High levels of ANXAS correlated with the up-regulation of the two isoforms of the adapter
molecule crk (CRKI/IT) and the Ras-related C3 botulinum toxin substrate 1 (RAC1) in HCC tissues,
potentially increasing the clinical progression and the lymphatic metastasis of patients. The inhibition of
ANXADS deeply affected the expression of key proteins involved in both the integrin (CRKI/II, DOCK180,
RAC1) and mitogen-activated protein kinase kinase (MEK)-ERK signaling pathways (p-MEK, p-ERK,
c-Myc, MMP-9), indicating that ANXADJ is a potential target for HCC diagnosis and treatment [111].

Unlike the previous mentioned members of the annexins family, both ANXA6 and ANXA10
expressions were found to be downregulated in HCC. The role of ANXAS6 in liver physiology is well
documented [112]. Meier et al. demonstrated that ANXAG6 protein levels, but not mRNAs, were lower
in HCC tissues compared to adjacent non-tumoral tissues; however, the role of this protein as potential
prognostic marker has not been further investigated yet [113].
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Downregulation of ANXA10 associated with malignant phenotype of liver cells, and correlated
with vascular invasion, early recurrence and poor prognosis of HCC patients, suggesting that ANXA10
might be a potential tumor suppressor gene [114].

Liu et al. have recently shown that the long non-coding RNA AGAP2-AS1, by sponging miR-16-5p,
up-regulated ANXA11, the direct downstream target of miR-16-5p, resulting in Akt signaling pathway
activation. The authors suggested that the AGAP2-AS1/miR-16-5p/ANXA11/AKT axis had a critical role
in HCC progression since it promoted proliferation, migration and invasion and inhibited apoptosis
both in vitro and in vivo, and it might be a target for HCC therapies [115].

5.2. Solute Carrier Transporters (SLCs)

In humans there are 395 solute carriers, divided in 52 families based on their sequence similarities,
involved in the transport of small molecules across the plasma membrane, such as inorganic ions,
amino acids, lipids, neurotransmitters, and drugs [116]. A number of studies demonstrated that
aberrant expression of these proteins associated with multi-drug resistance in HCC.

Low SLC29A1 expression correlated with high recurrence rates of HCC after surgery and poor
prognosis for patients. Low SLC29A1 expression enhanced tumor cell proliferation and invasion both
in vitro and in vivo, and reduced drug sensitivity through changing cell adhesion status, induction of
EMT, and nuclear factor-kappaB (NF-«B) pathway activation [117].

SLC2A2 (GLUT2) expression was higher in HCC tissues compared to that of SLC2A family
members. Increased expression of SLC2A2 correlated with advanced clinical stage and independently
associated with overall survival in patients with HCC, suggesting that SLC2A2 might be considered a
prognostic factor for HCC [118].

Low levels of the gene solute carrier family 46 (sodium phosphate), member 3 (SLC46A3) were
detected in the 83.2% of human HCC tissues compared to non-tumor adjacent tissues by Zhang et
al. [119]. Downregulation of SLC46A3 blocked EMT in HCC, impairing the occurrence of metastasis,
thus suggesting that this protein might be used in therapies aimed at targeting EMT. SLC46A3 also
affected sorafenib sensitivity of HCC by a mechanism that has not been investigated yet. In addition,
they found that SLC46A3 was a powerful prediction marker for prognosis.

6. Mucins

Mucins are a family of 22 secreted and membrane-bound large glycosylated proteins (MUC1-22)
composed of 80% carbohydrate and 20% core proteins. Mucins contain tandem repeat structures
rich in Proline, Threonine and Serine, which constitute the PTS domain. The threonine and serine
residues in the PTS domain are heavily O-glycosylation through N-acetylgalactosamine O-linkages
(GalNAcO-linkages) [120]. Aberrant expression of mucins was reported in several neoplastic
gastrointestinal organs.

Cao et al. demonstrated that mucin 1 (MUC1) was highly expressed in HCC and can be considered
as an indicator of HCC prognosis [121]. MUCI1 localized at the apical surface of epithelial cells,
and was overexpressed not only in HCC but in hepatoma cells as well, playing a relevant role in
tumorigenesis [122]. Wang et al. gave further insights on the role of MUC1, showing that it induced the
MMP-9-mediated HCC cell migration and invasion via the c-Jun N-terminal kinase (JNK)-dependent
phosphorylation of Smad2 [123]. Lin et al. detected higher MUC1 expression levels in HCC patients
with cardiac metastasis than in those with primary HCC alone, and the first had a poorer prognosis
compared to the latter [124]. Targeting MUC1 by antibody-derived chimeric antigen receptor (CAR)
T or CAR-pNK therapies is the purpose of phase I/l trials in patients with MUC1 positive relapsed
or refractory solid tumors, including HCC. In addition, the adenoviral MUC1 vaccine ETBX-061,
in combination with innate high-affinity Natural Killer (haNK) cell therapy and yeast-based vaccines,
is used in a phase Ib/II trial to study the induction of T-cell responses in patients with advanced,
unresectable, and untransplantable HCC.
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Dai et al. found that mucin 13 (MUC13) upregulation, detected in 44% HCC tissues, promoted the
transition G1/S via the Wnt signaling, inducing hepatocarcinogenesis and tumor progression. High
MUC13 expression associated with tumor encapsulation, tumor size, venous invasion, tumor stage,
and poor outcome of patients [125].

Mucin15 (MUC15) is frequently reduced in HCC tissues and negatively correlated with high
serum AFP levels, vascular invasion, lack of encapsulation, poor differentiation, hepatitis B e antigen
positivity, early and higher recurrence, and shorter survival times after resection. MUC15 interaction
with EGFR reduced EGFR dimerization, increasing its endocytosis with consequent degradation,
thereby reducing the PI3K-Akt-dependent HCC progression and metastasis [126].

Lin et al. reported a role of the T cell immunoglobulin and mucin-domain containing-3 (Tim-3)
in regulating EMT occurrence and further metastasis of HCC in vitro [127]. As recently extensively
reviewed by Liu et al., Tim-3 is a new discovered immune checkpoint molecule playing a relevant role
in the development of HCC [128]. Tim-3 is a potential marker of prognosis and can be used be used
to evaluate both the prognosis and therapeutic effects in HCC. Preclinical experiments showed that
targeting Tim-CD147 had anti-tumor effects; therefore it might be a new target for cancer therapy [129].
TSR-022, an anti-TIM-3 antibody, was used in combination with the anti-PD-1 antibody TSR-042 in a
phase II trial to examine whether they may arise an anti-tumoral immune response that blocks cancer
proliferation in patients with locally advanced or metastatic liver cancer.

7. Glycosylphosphatidylinositol-Anchored Proteins

Glypican-3

Glypican-3 (GPC-3) is a heparansulfate (HS) proteoglycan attached to the cell surface by a
glycosylphosphatidylinositol (GPI)-containing anchor [130]. It is normally expressed in placenta and
several embryonic tissues, adult ovary, mammary gland, mesothelium, lung, and kidney. GPC-3
expression is low or absent in normal adult liver tissues, cirrhosis or benign liver lesions. By contrast,
several studies have demonstrated that GPC—3 mRNAs and protein expression levels are high in
hepatic cancer cells [131-133]. A recent meta-analysis revealed that GPC—3 overexpression strictly
associated with poor overall survival (OS) and disease-free survival (DFS) in HCC patients. The same
study highlighted a correlation with HBV infection, vascular invasion, late stage and high tumor grade
as well [134]. GPC-3 promoted the growth of hepatoma cells by activating the canonical Wnt signaling
pathway [135-137]. In addition, Ruan et al. showed GPC-3 involvement in HCC proliferation
and metastasis both in vitro and in vivo [138]. An additional study reported that GPC3—mediated
activation of the ERK signaling pathway induces EMT in cancer cells, thus resulting in HCC progression
and metastasis [139].

As GPC-3 is specifically expressed in hepatic tumor cells, it is considered a good target for peptide
vaccines against HCC. Monoclonal antibodies against the core of the GPC—3 protein were obtained
and tested in preclinical and clinical studies [140-142]. Of note, phase I clinical trial of codrituzumab,
a humanized monoclonal antibody recognizing an epitope in the C-terminal region of GPC-3, has
already demonstrated good tolerance in patients with advanced HCC [141,143], but no efficacy in
phase II study [144]. None of those antibodies was reported to affect the Wnt/-catenin signaling
pathway. Conversely, the human monoclonal antibody recognizing the HS chains of GPC-3 developed
by Gao et al. was shown to impair cell proliferation in vitro and HCC xenograft tumors in mice by
blocking the Wnt/[3-catenin signaling pathway [145].

Innovative GPC-3 targeting-therapies, in particular those based on GPC-3 chimeric antigen
receptor T (CAR-T) cells showed promising results in killing GPC-3 positive HCC cells [146]. A phase
I clinical study demonstrated high safety profile and efficacy of GPC-3 CAR-T cells in patients with
relapsed or refractory HCC [147] and several clinical trial based on GPC-3 CAR-T cells alone or in
combination with lymphodepleting therapy are ongoing in patients with advanced HCC. Interestingly,
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the combination of GPC-3 CAR-T cells with sorafenib or anti-PD-1, demonstrated effective clinical
potential in mouse models of HCC [148,149].

8. Other Cell Surface-Associated Proteins

8.1. Human Tetraspanin Transmembrane 4 Superfamily (TM4SF)

The human tetraspanin transmembrane 4 superfamily member 4 (TM4SF), also named il-TMP,
was originally identified at intestinal epithelium and liver level [150]. Li and colleagues showed that
TM4SF mRNA and protein levels are overexpressed in the 80% of HCC tissues compared to the adjacent
non-tumor tissues. Whereas no correlation between TM4SF expression and age, gender or tumor size
was identified, immunohistochemical analysis revealed that the higher expression of TM4SF4 occurred
in well and moderately differentiated tumors and at early stages as well [151]. Therefore, this protein
is a good candidate as early diagnostic and prognostic marker of HCC. An anti-TM4SF5 monoclonal
antibody showed antitumor activity in vitro, as demonstrated by the reduced cell proliferation and
motility, and the enhanced adhesion. This mAb demonstrated therapeutic efficacy in a mouse model
of HCC as well [152].

8.2. Cluster of Differentiation 147 (CD147)

CD147 (also referred as basigin, EMMPRIN, or HAb 18G) is a transmembrane glycoprotein
belonging to the immunoglobulin superfamily. CD147 expression associated with carcinogenesis,
EMT, and chemoresistance in HCC [153-156]. More recently, the meta-analysis carried out by Peng et
al. highlighted that high CD147 expression may be related to the survival, TNM stage, and venous
invasion in patients with HCC [157].

N-glycosylation modifications regulate the biological functions of CD147. [31,6-N-acetylglucosamine
(B1,6-GIcNAc) glycans linked to CD147 increased MMP expression and enhanced the interaction
of CD147 with integrin 31, promoting HCC metastasis. No association with tumor stage, cirrhosis,
differentiation, lymph node metastasis, HBsAg, and serum AFP levels was reported [158]. During
EMT, theGnT-V-mediated link of 31,6-N-acetylglucosamine (31,6-GlcNAc) glycans to CD147 increased.
This event enhanced the MMP expression and the interaction of CD147 with integrin (31, leading to the
downstream stimulation of the Rac/Ras/Raf/ERK and PI3K/Akt pathways, that enhanced the invasive
and metastatic potential of HCC cells. Therefore, affecting the N-glycosylation modification of CD147
might be a novel approach for the development of therapeutic strategies targeting metastasis [158].
A study on the safety and clinical activity of CD147-targeted CAR-T cell therapy by hepatic artery
infusions for very advanced HCC is ongoing. In a multicenter phase IV clinical study, patients with
unresectable HCC were treated with licartin, an antibody with high affinity for HAb18G/CD147,
in combination with TACE, showing promising tolerability and efficacy.

8.3. Glucose-Regulated Protein 78 (GRP78)

The 78-KDa glucose-regulated protein (GRP78), also known as BiP and heat shock 70 kDa protein
5 (HSPADS), is localized at the endoplasmic reticulum in healthy conditions, but it is expressed at high
levels on the cell surface of many types of tumors, including HCC. Cell surface GRP78 association
with activated «2-macroglobin stimulated the invasion and metastasis of HCC, by a c-Src-dependent
mechanism [159]. In addition, GRP78 increased HCC proliferation in vitro and in vivo by increasing
the ubiquitin-like protein human leukocyte antigen-F adjacent transcript 10 (FAT10) expression [160].

8.4. Ezrin

Ezrin is a member of the ERM (ezrin—radixin—moesin) cytoskeleton-associated protein family. It is
involved in maintaining cell shape and polarity and participates in several cellular activities including
signaling, growth, and differentiation. The essential role of ezrin in regulating HCC proliferation,
migration, and invasiveness was shown in vitro [161]. In HCC tissues, high levels of ezrin expression
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associated with advanced Tumor, Nodes, Metastases (TNM) stage, poor Edmondson’s histological
grade, macroscopic portal vein invasion, tumor recurrence and extrahepatic recurrence. Kang et al.
suggested that the molecular mechanism by which ezrin promote HCC progression and metastasis
might involve the signaling triggered by c-Met, whereas no association with the previous mentioned
CD44 or E-cadherin was found [162]. Dedifferentiation and invasion of HBV-infected HCC cells were
attributed to ezrin overexpression, which independently associated with tumors with smaller size,
cirrhotic liver background, poor differentiation, and vascular invasion in HBV-HCC patients [163].
Ezrin gene expression was reduced by the treatment with arsenic trioxide, which inhibit HCC invasion
and metastasis by blocking the RhoC signaling pathway [164].

9. Conclusions

Epidemiological data point out the importance of HCC as a major public health and economic
concern. HCC diagnosis is difficult to assess and the current treatments are not effective to ensure a
positive clinical outcome in patients. Therefore, the identification of both clinical prognostic and/or
diagnostic markers and targets to develop more effective therapies are still a clinical unmet need.

To our knowledge, there is not yet a review that summarizes some of the most relevant cell
surface proteins involved in HCC occurrence, progression and recurrence and their potential or current
targeting for vaccine and/or therapeutic-based approaches.

Cell surface proteins become attractive candidates to respond to the challenges in the field of
cancer, including HCC, for their strategic localization and their involvement in signaling pathways
often altered in cancer. Those proteins may be useful for the diagnosis of HCC as novel biomarkers
and for the treatment of HCC as therapeutic targets. Several proteins involved in those processes were
identified by proteomics, implementing the genomic information, therefore improving the spectrum of
putative candidates. Importantly, several cell surface proteins have been already selected as targets for
immunotherapy and entered onto clinical trials, showing promising results.

The importance of the investigation rely on the fact that one of the major obstacles in HCC
treatment is the lack of tumor-associated antigens highly specific for HCC able to elicit a tumor
immune response, therefore enabling the design of more potent intervention strategies, e.g. therapeutic
cancer vaccines.

However, the growing interest for the cell surface protein profiling has to face with some
challenges including the detection of low abundant and insoluble proteins, reversible post-translational
modifications (i.e., phosphorylation, glycosylation), and the need for huge amount of starting material
that limit the amount of recovered proteins. Several approaches for improving the enrichment and the
solubilization of plasma membrane-associated proteins have been developed, along with cutting-edge
technologies aimed at improving the comprehensive analysis of many type of cancers. However, the
in depth characterization of the HCC cell surface proteome is still needed. Novel and fine-tuning
techniques should be developed and combination strategies should provide more successful methods
of investigation. Importantly, a tighter collaboration between clinicians and researchers should
be envisaged in order to facilitate the access to both clinical specimens and clinical-pathological
characteristics of the tumor. This aspect is relevant to patient stratification for precision medicine.
Indeed, in recent years, the personalized medicine approach aimed at identifying cell surface proteins
that are unique for the individual patient in order to overcome either the limit of the heterogeneity
that characterizes certain types of disease, especially HCC, and the side effects on chemotherapy. This
approach results in the development of more effective therapies according to the subtype of the disease,
optimized per individual tumor or patient.
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