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Abstract

Immunotherapy is one of the strategies to boost natural defenses to fight
cancer. Immuno-oncology is an artificial stimulation of the human immune
system to recognize and Kkill selectively neoplastic cells at different stage of
transformation. Cancer cells have tumor antigens and the antibody of the
immune system, binding them, can detect molecules on their extracellular
side of cell membrane. Among these proteins, it is rising in interest and used
for early detection of hepatocellular carcinoma (HCC) Glypican-3 (GPC-3)
protein. It is a heparan sulfate proteoglycan (HSPG), anchored to the cell
membrane of transformed hepatocytes. We investigated its function as key
regulator of hepatocytes neoplastic transformation. Noteworthy, GPC-3 pro-
tein has been implicated in different pathways from cell growth to cell motil-
ity and migration. More recently, GPC-3 has been evaluated as a useful
marker for HCC due to its increased expression in the liver during tumorige-
nesis and its absence in normal liver. Immunotherapy that targets GPC-3
domains and its connected proteins are currently under investigation. These
new biomarkers may hold potential for the detection and treatment of HCC
and other diseases in which GPC-3 may be overexpressed and/or play a cru-
cial role. This review will summarize the current knowledge regarding the ac-
tive immunotherapy developed to treat HCC and it will evaluate aspects of
GPC-3 (structure and biology) as advantages and potential pitfalls for consi-
dering it as a valuable immunotherapeutic target. We also elaborated the cur-
rent literature with the aim to better understand its biological interactions at a
molecular and cellular level to identify alternative or combined targets, due to
the existing gap in the literature surrounding GPC-3. The role GPC-3 plays in
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the hepatocellular carcinoma phenotype can be targeted for a novel immu-
notherapy strategy that can specify cell-mediated destruction of neoplastic
cell that spares normal liver tissue, and it can be exploited as a new serum
marker to trend for diagnosis and disease progression measurements. We be-
lieve further investigation of its functions and structure, including alternative
cellular localizations, is necessary to evaluate GPC-3 as valuable target to cure
this cancer.
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1. Introduction

Hepatocellular carcinoma is the most common primary liver malignancy. In
2015 there were 854,000 new cases and 810,000 deaths due to hepatocellular car-
cinoma worldwide. Subsequently, this malignancy has a 12.1 per 100,000
age-adjusted mortality rate, and it is ranked as the sixth most common incident
cancer and the fourth leading cause of cancer death [1]. In terms of the global
burden of liver cancer, East Asia, Asia Pacific, and Sub-Saharan Africa demon-
strated the highest age-adjusted incidence and mortality rates of all regions. The
incidence rate of hepatocellular carcinoma has almost doubled in nations such as
the United States and Canada with a high sociodemographic index over years of
1990 to 2015 [1].

Usually presenting as a sequela to chronic inflammation and cirrhosis, hepa-
tocellular carcinoma is strongly associated with viral hepatitis, alcohol use, and
non-alcoholic fatty liver disease (NAFLD) [2]. Hepatitis B virus (HBV) accounts
for 33% of hepatocellular carcinoma mortality, with alcohol and hepatitis C vi-
rus (HCV) accounting for 30% and 21% respectively [1]. NAFLD has been iden-
tified as an independent risk factor for hepatocellular carcinoma in North
America, Europe, and well developed regions of East Asia, but the lack of clinical
data has made it difficult to discern where in the course of the disease hepato-

cellular carcinoma becomes a complication [3].

2. Current Therapy

The standard regimen for the treatment of hepatocellular carcinoma follows the
Barcelona Clinic Liver Cancer Staging (BLCS) model that dictates treatment
based on tumor progression, size, vascular invasion, metastases, and degree of
concurrent liver disease. Early stage lesions are best treated with resection given
that liver function is intact. In the setting of chronic liver disease, portal hyper-
tension, or lesions that complicate the local anatomy, a liver transplant can be
considered if the patient meets the Milan Criteria (single lesion <5 cm or up to 3

lesion <3 c¢cm without vascular involvement or metastases to other organs).
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However, this strategy is not always efficacious due to the social constraints and
the limited reserve of viable organs available for patients [2] [4]. Radiofrequency
ablation is indicated in instances where tumors are localized to the livery only
and a liver transplant or resection is not indicated due to concurrent liver disease
[5]. Cases with intermediate staging are indicated for the use of radiofrequency
embolization (TARE) and trans arterial chemoembolization (TACE) [2] [4] [6]
[7]. Both methods yield similar survival outcomes, but TARE provides greater
utility than TACE for patients because it can be performed in an outpatient fa-
cility, requires less rounds of treatment, can be used on patients with portal vein
thrombosis, and generally has fewer occurrences of nausea, vomiting, abdominal
pain, and fever [6]. Advanced stage hepatocellular carcinoma, as defined by
BLCS as being multinodular or extra-hepatic with portal invasion but with pre-
served liver function, is currently managed with the use of systemic treatment.
This includes the use of oral multi-tyrosine kinase inhibitors like sorafenib and
regorafenib. Sorafenib inhibits angiogenesis by targeting PGFR and VEGFR
pathways as well as proliferation and growth pathways such as ERK/MEK and
BRAF and Jak-STAT [8]. The use of sorafenib in metastatic hepatocellular car-
cinoma has demonstrated modest increases in overall survival and time to pro-
gression with significant risk of adverse side effects such as dermatologic and ga-

strointestinal complications [2] [5] [6].

3. Immunotherapy in HCC

The immunological disarray that characterizes hepatocellular carcinoma makes
immunotherapy a promising frontier for future treatment possibilities. Under
normal physiological conditions, T cell proliferation is actively induced while T
cell activation is suppressed to allow for the steady clearance of pathogens with-
out eliciting a strong immune response. The effective eradication of neoplastic
cells requires the appropriate costimulation signals from antigen presenting cells
for T cells to target neoplastic antigens. In the setting of chronic inflammation,
as seen in chronic alcoholic hepatitis and viral hepatitis, proliferation of T-cells
continues without the required costimulation signals which lead to an ineffective
immune response. The blunted cell-mediated immune response is sustained by
T-cells expressing high levels inhibitory receptors such as PD-1 and CTLA-4 that
inhibit costimulation. Cytokine imbalances characterized by increased levels of
inhibitory cytokines such as IL-10 and TGFp and the suppression of IFNy, TNF,
and IL-1 also lead to immunosuppression. [9]

Current investigations into immunotherapy have revealed immune check-
point regulators, PD1/PD-L1 and CTLA-4/CD86, as potential therapeutic targets
for hepatocellular carcinoma. PD-1L is a thought to be induced by IFNy as a
means of protecting normal cells by binding PD-1 on T-cells which leads to in-
hibiting the immunological response. Neoplastic cells constitutively express
PD-L1 to take advantage of this mechanism to evade the immune response. [10]

The CTLA-4 pathway is predominately utilized by T reg cells as a means to at-
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tenuate the T-cell response by expressing CTLA-4 that competes with B7 for the
CD86 receptor on T-cells. CTLA-4 binds up CD86 and inhibits the can-
cer-primed T cells from targeting neoplastic cells. [9]

Nivolumab is a human IgG4 monoclonal antibody to PD-1 that is currently
approved for the treatment of melanoma. Phase III randomize clinical trials are
currently being done comparing nivolumab to sorafenib for hepatocellular car-
cinoma (NCT 02576509). Pembrolizumab is another IgG4 monoclonal antibody
against PD-1 that has been approved for hand neck squamous cell carcinoma,
non-small cell lung cancer, refractory classic Hodgkins Lymphoma and metas-
tatic melanoma. Phase III trials are currently underway to determine its efficacy
when combined with standardized best supportive care in prolonging the pro-
gression free survival rate of advanced hepatocellular carcinoma (NCT
02702401). Tremelimumab and Durvalumab combination therapy for hepato-
cellular carcinoma is currently in phase III clinical trials to examine the efficacy
of PD-1 and CTLA-4 blockade (NCT 02519348). Clinical Trials details are

summarized in Table 1.

4. Glypican-3 Role in Tumorigenesis

Glypican-3 (GPC-3) is a 70 kDa transmembrane heparan sulfate proteoglycan
family (HSPG), which has been shown to regulate growth activity and release of
growth factors. During embryogenesis it is ubiquitously expressed in all tissues to
serve as a negative growth regulator of growth through interactions with the ca-
nonical and non-canonical Wnt pathway, Shh pathway, and FGF pathways via
heperan sulfate chains on GPC-3. In adult tissue it is normally expressed only in
kidney, lung, ovaries, and mammary glands while suppressed in other tissues [11].
In hepatocellular carcinoma however, GPC-3 demonstrates a paradoxical
function as a marker of increased neoplastic growth and invasion. We recently
demonstrated that inhibiting its expression, HCC cells reduce their proliferation
and invasiveness capacity. GPC-3 is also involved in the oncogenic transforma-
tion of hepatocytes with a marked increment of its expression. We characterized
primary hepatocytes from different location of human cirrhotic liver with HCC
and we observed differential expression of GPC-3 coupled with different growth
rates of cells [12] [13] [14]. The regulation of GPC-3 has been linked to the

Table 1. Current clinical trials evaluating the efficacy of immunotherapy for cancer

treatment.
Clinical Trial
Name Isotype Target NCT Number Study Design tnical Tria
Phase

Nivolumab 1G4 PD-1 02576509 RCT 111

Pembrolizumab IgG4 PD1 02702401 RCT 11

Tremelimumab IgG2 CTLA-4 02519348 RCT I

Durvalumab IgGl PD-L1
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upregulation of the oncogene c-myc. Upregulation of c-myc is a common fea-
ture of many human tumors, and it has been demonstrated by Li and coworkers
that c-myc can upregulate GPC-3 expression by binding to the GPC-3 promoter,
and in turn c-myc activity is dependent on GPC-3 in a positive-feedback manner
[15] (Figure 1). GPC-3 has also been shown to affect cell morphology via inte-
ractions with the Hippo/YAP pathway (Figure 1). Normal hepatic tissue ex-
presses the tetraspanin CD81 which interacts with GPC-3 to downregulate the
Hippo/YAP pathway. HCV induces factors that can mimic the effects of CD8],
and subsequently bind GPC-3 and inhibit cell proliferation. However, in the set-
ting of inflammation, cells that have lost CD81 expression escape infection by
HCV, are predisposed to becoming neoplastic due to unregulated Hippo/YAP
activity [16]. De novo loss of CD81 is feature of HCC secondary to chronic liver
disease, and in this context will lead to disinhibition of the Hippo/YAP pathway,
which in turn upregulates GPC-3 (Figure 1). GPC-3 has been shown to seques-
tering Wnt proteins to the plasma membrane and subsequently facilitating the
interaction between Wnt and Frizzled which activates the Wnt pathway [17]
(Figure 2). Inhibiting with specific antibodies for O-linked heparan sulfate (HS)
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Figure 1. Activation of c-Myc and Hippo/YAP Pathways modulate GPC-3 expression. Dysregulation of CD81 along with aberrant
activation of Wnt, Hippo/Yap, and c-myc contribute to the overexpression of GPC-3 gene. Both YAP and c-myc represent possi-
ble new immune-targets for HCC.
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Figure 2. GPC-3 and overstimulation of Wnt-Frizzled Pathway. (I) GPC-3 recruits Wnt to the plasma membrane and binds Friz-
zled receptor, which ultimately leads to dysregulation of the B-Catenin degradation, which translocates in the nucleus and active
transcription of genes involved in proliferation, evasion of apoptosis, migration and invasion. (II) In the absence or not interac-
tion of GPC-3 with Frizzled receptor, Wnt factor is not sequestered to the membrane, which allows for normal inhibition of

B-Catenin.

GPC-3

GPC-3 Wnt

Figure 3. Prevent interaction of GPC-3 with Wnt. Antibody specific for site of interactions between GPC-3 and Wnt could pre-
vent interaction between them. The inhibition of this interaction inactivate the Wnt/Frizzled cascade in HCC cells.
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side chains could prevent the interaction of GPC-3 with Wnt deploying the acti-
vation of Frizzled mediate signal (Figure 3).

5. Utility of GPC-3 in Treatment of HCC

The expression profile of GPC-3 in HCC provides a potentially unique avenue
for treatment or early detection of neoplastic lesions. Wang and coworkers
demonstrated that overexpression of IncRNA FENDRR interacted with the
promoter of GPC-3 and lead to the downregulation of GPC-3 and subsequently
inhibited neoplastic proliferation and migration [18]. Bi and coworkers has
demonstrated that the use of bispecific T cell engagers against CD3 and GPC-3
has demonstrated potently cytotoxic activity against GPC-3 positive tumors in
NOD/SCID mice [19]. Currently clinical trials are exploring the use of chimeric
antigen receptors (CAR) against GPC-3 in advanced HCC, though the results are
still pending on the efficacy of these treatments (NCT02395250, NCT02723942).

The gold standard of diagnosing HCC is currently limited to imaging tech-
niques using ultrasound or CT alongside elevated serum alpha fetoprotein
(AFP), which has spurred the search for novel biomarkers for detecting neoplas-
tic changes unique to HCC. Cross-sectional analysis conducted by Tahon and
coworkers demonstrates that GPC-3 at a detection limit of 1.5 ng/ml is superior
to AFP at 5.9 ng/ml in detecting smaller grade HCC, and in some cases HCC pa-
tients with a negative AFP were positive for GPC-3. However, GPC-3 alone fails
to have absolute sensitive when compared to triphasic CT. When GPC-3 and
AFP were used in combination, the sensitivity for diagnosis increased [20]. A
case-control study by Chen and coworkers compared the diagnostic efficacy of
GPC-3, AFP, Arginase 1 (ARG1), and hepatocyte paraffin antigen 1 (HepPar-1)
in confirming extra-hepatic metastasis of HCC in cases where HCC has yet to be
diagnosed. The study surmised that GPC-3 was more sensitive at 89.2% com-
pared to AFP at 82.6%, but GPC-3 yielded a lower sensitivity at 94.8% with AFP
at 100% (P < 0.001) [21].

Though the properties of GPC-3 and its role in the development HCC have to
be clearly defined, its potential as a target for cancer therapy and diagnostics has
been repeatedly demonstrated in published literature. The diagnostic properties
of GPC-3 have shown promising results in increasing the current specificity of
detecting HCC and in detecting lesions that are at an earlier stage. Current im-
munological therapies have explored preventing immunologic evasion by tumor
cells as a more efficient therapeutic approach, and GPC-3 can serve as inimitable
target for specifying cytotoxic activity against HCC lesions (Figure 4) not only

within the liver but also in distant metastases.

6. Conclusions

Unfortunately, the high incidence of HCC has not been encountered with effica-
cious treatment options, and as a result prognosis continues to be poor. Current

therapeutic options like surgery, chemotherapy and radiotherapy have only
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basal expression of GPC-3
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Figure 4. Utilization of GPC-3 for Immunotherapy and Diagnosis of HCC. GPC-3 is
upregulated in neoplastic hepatocytes which can targeted for immunotherapy and as a

novel serum marker for diagnosis of HCC.

modest and uncertain success and they do not prevent recurrences in the pa-
tients. New treatment modalities to prolong survival and to minimize the risk of
adverse response are urgently needed for patients with advanced HCC due to the
increment of patients with HCC in the United States. In this context, tumor
immunotherapy is a promising and novel treatment strategy that may lead to
improvements in both treatment-associated toxicity and overall mortality. The
strategies have developed in part through genomic studies that have yielded
candidate target molecules (mainly proteins) and in part through basic biology
studies that have defined the pathways and cell types regulating immune re-
sponse. In the last years GPC-3 is an emerging target in diverse investigational
immunotherapies, with attention on cancer vaccines, human or humanized an-
tibodies, bispecific antibodies, immunotoxins and chimeric antigen receptor
(CAR) T cells. Vaccines based of GPC-3 peptide-based prevent recurrence of
HCC after surgery. Several monoclonal antibodies including GC33 [22], YP7
[23], HN3-mPE24 [24] and HS20 [25], each with a distinct epitope for GPC-3,
are being tested in preclinical or clinical stages. GC33 and YP7 recognize the
C-terminal domain of GPC-3. HN3 targets a cryptic Wnt binding site in the core
protein of GPC-3. HS20 binds a Wnt binding domain on the heparan sulfate
chain. The HN3 and HS20 antibodies inhibit Wnt/Yap signaling suppressing
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HCC cell growth. To improve anti-tumor efficacy, anti-GPC3 immunotoxins
and CAR-T cell therapies [26] have been developed. The GC33 CAR T cells in-
hibit established HCC xenograft tumors in mice [22] [27]. Several CARs target-
ing different epitopes of GPC3 (including HN3) are being tested and new strat-
egy as GPC-3-specific antibody drug conjugates have been proposed [28]. On-
going preclinical and clinical studies will help define the utility of GPC3 as a
therapeutic target for liver cancer therapy soon.

There is a critical requirement to discover and develop new therapeutic ap-
proaches that can be targeted against molecular targets on HCC cells and pro-
tecting normal hepatocytes from neoplastic transformation. Immunotherapy has
become a big and popular topic of interest in exploring new treatment options
for advanced cancer, however current therapies take a generalized approach by
focusing on reversing immune escape mechanisms deployed by cancer cells. The
mechanistic disadvantage to these therapies therefore involves developing non-
discriminatory autoimmune diseases. GPC-3 provides a potential and new mo-
lecular target for cancer therapy in patients that have been diagnosed with HCC
since it is overexpressed in most HCC tumors. As described previously we ob-
served that GPC-3 is cleaved by Furin enzyme generating different cleaved do-
mains, it is important to investigate the roles and cellular localization of this
domain and eventually target specifically them because they can be involved in
different functions during the tumorigenesis. It has been shown that GPC-3
plays a role in progression of HCC through activation of the canonical Wnt
pathway and other pathways, which provides a novel perspective against diag-
nosing and treating HCC. With the current search for immunological markers
that can direct the cytotoxic efforts of the immune system towards cancer cells,
GPC-3 presents itself as a novel target for using immunotherapy for HCC. Fur-
thermore, soluble GPC-3 has been shown to be a valuable tumor marker for di-
agnosing and tracking progression of HCC. With its diagnostic advantages as
well as its ability for tumorigenesis, GPC-3 has the potential to be a focus of a

new frontier in the management and treatment of HCC.
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Appendix
Search Terms

glypican 3 AND hepatocellular carcinoma

glypican 3 expression and hepatocellular carcinoma
(hepatocellular carcinoma or liver cancer) immunotherapy
(hepatocellular carcinoma or liver cancer) and current treatment
(hepatocellular carcinoma OR liver cancer) and current treatment
(hepatocellular carcinoma or liver cancer) and current treatment
(hepatocellular carcinoma or liver cancer) and current therapy
(hepatocellular carcinoma or liver cancer) and diagnosis
hepatocellular carcinoma treatment

(hepatocellular carcinoma OR primary liver cancer) and mortality
hepatocellular carcinoma OR primary liver cancer

hepatocellular carcinoma epidemiology

(hepatocellular carcinoma OR liver cancer) AND epidemiology

Search liver cancer epidemiology

Selection Criteria

search terms used in Ovid
and Pubmed

limited search to randomized
clinical trials and previous
reviews

screened results to those that eliminated results pertaining
pertained to hepatocellular to other cancers or cancer
carcinoma or liver cancer syndromes

Analyzed the internal and
external validity of remaing
results
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