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Abstract

The prognosis for patients who are diagnosed with
advanced stage hepatocellular carcinoma (HCC)
is poor because there are few treatment options.
Recent research has focused on the identification
of novel molecular entities that can be targeted to
inhibit oncogenic signals that are involved in the
carcinogenesis, proliferation and progression of
HCC. Among all of the pathways that are involved
in the development of HCC, Hedgehog (HH) sig-
nalling has demonstrated a substantial role in hepato-
carcinogenesis and HCC progression. HH plays a
physiological role in embryogenesis, through the
induction of the differentiation of hepatocytes from
endodermal progenitors. The re-activation of the HH
pathway in chronic damaged liver is a mechanism of
fibrotic degeneration and is implicated in various stages
of HCC development. HH activation sustains the sub-
population of immature liver epithelial cells that are
involved in the pathogenesis of cirrhosis and HCC, and
HH itself is a mediator of the alcohol-derived malignant
transformation of liver cells. High levels of expression
of HH protein markers in liver tumour tissues are
correlated with aggressive histological and biological
features and a poor clinical outcome. /n vitro and
/n vivo inhibition models of the HH pathway confirm
that HH is essential in maintaining tumour growth,
metastasis and a mesenchymal phenotype.

Key words: Hedgehog; Epithelial-mesenchymal transition;
Hepatocellular carcinoma; Hepatocarcinogenesis; Prognosis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The hedgehog (HH) pathway is involved in
the embryonic development of liver, and its reactivation
plays a substantial role in sustaining cancer cell growth
and progression in hepatocellular carcinoma (HCC).

June 28, 2017 | Volume 23 | Issue 24 |



In hepatocarcinogenesis, HH signalling is required
for differentiation, proliferation and polarity of liver
embryonic cells. High levels of expression of HH com-
ponents in HCC tissues correlate with mesenchymal
properties and maintain the proliferation of cancer
stem cells, which is a dynamic source of malignant cells
in HCC progression. Current data on HH inhibition in
preclinical models further confirm the role of HH and
deserve future investigations in a clinical setting.

Della Corte CM, Viscardi G, Papaccio F, Esposito G, Martini G,
Ciardiello D, Martinelli E, Ciardiello F, Morgillo F. Implication
of the Hedgehog pathway in hepatocellular carcinoma. World J
Gastroenterol 2017; 23(24): 4330-4340 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i24/4330.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i24.4330

INTRODUCTION

Liver tumours are the third highest cause of cancer-
related deaths and the sixth most frequent type
of cancer worldwide!), In the past few years, the
incidence of hepatocellular carcinoma (HCC) has been
on the rise, especially among males, being correlated
with chronic liver disease®. In particular, the majority
of patients who develop HCC are infected with viral
hepatitis B (HBV) or viral hepatitis C (HCV)®*. Even
though vaccination programmes are commonly used
in Western populations, the incidence of HCC remains
high because of other risk factors, such as alcoholic
and non-alcoholic fatty liver disease and obesity, which
are increasingly out of control in Occidental countries!.

Screening procedures with periodic liver ultra-
sonography (every 6 mo), concomitant with the
determination of serum alpha-fetoprotein (AFP), are
recommended only for cirrhotic patients and HBV- and
HCV- serum positive patients™.

Treatment options with curative intent, including
surgery, local treatment (such as percutaneous thermal
ablation, intra-arterial chemotherapy or embolization
or radiotherapy) and liver transplantation, are reserved
only for select patients with localized tumour exten-
sion and/or with good performance status and liver
function”"®,

Unfortunately, most patients are diaghosed at
an advanced stage; the five-year overall survival
for unresectable HCC is less than 10% because all
medical treatments that were given to these patients
exhibited a very poor efficacy!?. Actually, according to
international oncologic guidelines, sorafenib is the only
standard systemic therapy for patients with advanced
HCC and adequate liver function!”. Sorafenib is a
multi-kinase inhibitor with potent inhibitory activity
against RAF kinases, including mutant V600E B-RAF,
and against various serine/threonine kinases, such
as the pro-angiogenic receptor tyrosine kinases
vascular endothelial growth factor receptor (VEGFR),
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platelet derived growth factor receptor (PDGFR)
and fibroblast growth factor receptor (FGFR1), as
well as tyrosine kinases such as KIT, Fms-related
tyrosine kinase 3 (FLT-3) and RET™. More recent
clinical data on new treatment options included
regorafenib™® and immunotherapy™". Treatment
with regorafenib produced a survival benefit in HCC
patients on sorafenib treatment (median survival
10.6 mo for regorafenib vs 7.8 mo for the placebo
group, with a hazard ratio of 0.63, one-sided P <
0.0001)M%, At the previous ASCO congress, efficacy
data from the CheckMate 040 trial were presented for
Nivolumab, an anti-PD1 (Programmed cell Death 1)
agent, in advanced HCC patients (70% progressed to
sorafenib and 30% were sorafenib naive). Nivolumab
monotherapy provided early, stable and durable
responses, irrespective of the hepatitis C or B viral
infection status, and of PD-L1 (Programmed cell Death
Ligand 1) expression on the tumours!'. The overall
response rate was 19% in the overall population, and
21.7% in the first-line setting, with an overall 9 month
survival rate of 77%"™".

Recent research has focused on identifying po-
tential new molecular targets that can be “drugable” in
order to inhibit the oncogenic signals that drive tumour
carcinogenesis, growth and metastasis™?.

In HCC carcinogenesis and evolution, biological
and genetic alterations lead to the activation of
oncogenes (V-Myc avian myelocytomatosis viral
oncogene homologue, myc, kirsten rat sarcoma viral
oncogene homologue, k-ras, raf murine sarcoma viral
oncogene homologue B, BRAF), of growth factor-
induced signalling (transforming growth factor-a,
TGF-a, TGF-B, insulin-like growth factor-2 receptor,
IGF-2, epidermal growth factor receptor, EGFR,
PDGFR, VEGFR), and/or re-activation of pathways that
are implicated in development and embryogenesis
(Wingless-Type MMTV integration site family, WNT,
and Hedgehog, HH) or disabling of tumour suppressor
genes (retinoblastoma, RB, phosphatase and tensin
homologues, PTEN, Runt-related transcription factor 3,
RUNX3, or p53)1***,

In this review we will focus on current data re-
garding the role of HH pathway reactivation in the
development and progression of HCC. The main role of
HH in embryonic hepatogenesis involves the induction
of the differentiation of hepatocytes from endodermal
progenitors*>*®, In hepatocarcinoma cells, the re-
induction of expression of HH proteins sustains cancer
cell growth and reduces apoptotic stimuli™™”! at various
stages of HCC development (Figure 1).

CARCINOGENESIS AND EVOLUTION OF
HEPATOCARCINOMA

Carcinogenesis is a multistep process that is cha-
racterized by changes at the cellular, genetic and
epigenetic levels, and by abnormal cell division that
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Figure 1 Role of Hedgehog pathway in hepatocarcinoma.

leads to the formation of a malignant mass. There are
common mechanisms for carcinogenesis in different
human organs and others that are organ-specific’*®’.

The principal cause of liver carcinogenesis is
an external stimulus: viral infection or alcoholic da-
mage™'®?*), HBV DNA and HCV core proteins are
oncogenic, as they induce the formation of pro-prolife-
rative transcription factors and interplay with RAS, WNT
or p53 signalling™®?". In fatty liver disease, especially
in alcohol related damage, active adipocyte pathways
induce chronic inflammation of the microenvironment
and liver cell regeneration and proliferation™*?.

An important mechanism of oncogenesis and
tumour evolution in hepatocarcinoma is the activation
of the oncogenes MYC and RAS™*?®), MYC gene
encodes for a protein that is involved in nucleic acid
metabolism and in response to growth factors. MYC
amplification has been detected in 12% of single
nodular HCC, in 38% of multiple nodular HCC (P <
0.01), and with a higher frequency in metastatic and
recurrent HCC patients than in primary tumours (45%
vs 29%, and 60% vs 38%, respectively), suggesting
that MYC alteration can occur in early stages of
carcinogenesis rather than in later stages, leading to
metastatic processes'”®. The RAS gene transcript is the
RAS protein, a small GTPase protein that represents
the main regulator of the mitogen activated protein
kinase (MAPK) and of the phosphatidylinositol 3-kinase
(PI3K)/AKT pathways that represent the principal
signalling pathways for cell survival®®>***”,

Among receptors that are involved in HCC carcino-
genesis, the MET receptor and its ligand hepatocyte
growth factor have been demonstrated to correlate
with a poor prognosis in HCC?*®*?, and the selective
MET-inhibitor, tivantinib, has shown promising activity
in a phase II trial in patients progressing on sorafenib
and whose tumours produced high expression levels of
MET™",

In the evolution and metastasis of HCC, abnormal
angiogenesis and epithelial-mesenchymal transition
(EMT) are fundamental. VEGFR, FGFR and PDGFR are
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the main factors in the uncontrolled neo-angiogenesis
of HCCP'??), Sorafenib was originally designed
to inhibit VEGFR, PDGFR and KIT; the efficacy of
sorafenib confirms the essential role of angiogenesis
in the progression of HCC!'”. TGF-B is a key mediator
of EMT and functions as an autocrine or paracrine
growth factor for the regulation of inflammatory
cells, T-cells and cancer-associated fibroblasts in the
microenvironment™***,

A peculiar and interesting aspect of the early
phase of hepatocarcinogenesis is the renewal of the
developmental pathways of WNT and HH that conduct
embryonic growth and the differentiation of normal
liver cells in humans®?”), WNT/p-catenin signalling
can be abnormally re-activated in HCC by B-catenin
mutations, by nuclear translocations, or by a reduction
of the adenomatous polyposis coli gene-related
protein, which is a negative regulator of p-catenin®>%,
A B-catenin signal induces metastatic behaviour and
stem-like features in cancer cells™>>®,

Although there are data indicating that TGF-8 and
WNT regulate growth and repair responses in adult
livers, the possibility that HH was involved in these
processes was not considered until recently™’=",

HH pathway activation is required for the differen-
tiation, proliferation and polarity of liver embryonic cells
and plays a role in hepatocarcinogenesis™®*~® (Figure
2). It is known that complete silencing of HH signalling
in embryos cause a lethal block in the development of
nervous and cardiovascular systems and the liver®®*”,
Partial silencing of HH during liver development is
responsible for hepatic defects, along with cardiac,
neurological and muscular malformations™**?!, In
human embryonic development, HH ligands are
highly expressed in cells of the ventral endoderm
that differentiate in hepatic progenitors, and the
principal mediator of HH activity is foxa2, a specific
transcription factor for hepatic cells”. Inhibition of
HH in vitro reduced the proliferation of human foetal
hepatoblasts™®", thus confirming that HH is essential in
the differentiation process for hepatic and pancreatic
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Figure 2 Hedgehog pathway implications in hepatic carcinogenesis. HCC: Hepatocellular carcinoma.

cells from multipotent endodermal progenitor cells.
HH activation progressively decreases during liver
epithelial cell maturation®*!!, HH signalling has no
function in the adult liver; indeed, normal hepatocytes
display undetectable levels of HH signal proteins
with no clear HH pathway activity. The mesenchyme
of healthy livers and liver sinusoidal cells, including
endothelial and hepatic stellate cells, continues to
produce Hhip, a soluble antagonist of HH ligands,
which retain soluble HH ligands from the activation
of the HH pathway in epithelial cells?. Interestingly,
after partial hepatectomy, the hepatic expression of
HH ligands re-increases significantly, concomitant
with a downregulation of Hhip, and this increment
represents a strong stimulus for liver regeneration**4,
Transient activation of the HH pathway is useful for
liver regeneration after an acute injury. An alteration
of the equilibrium between liver epithelial cells and
neighbouring stromal cells is due to persistent re-
induction of paracrine HH signalling that sustains
the sub-population of immature liver epithelial cells
that are involved in the pathogenesis of liver fibrosis,
cirrhosis and HCC*,

ROLE OF THE HH PATWHAY IN HCC

HH pathway components

The HH pathway is activated by ligands. In humans,
three ligands have been identified: Sonic hedgehog
(SHH), Indian hedgehog (IHH) and Desert hedgehog,
of which SHH is the most studied™®. In target cells,
SHH binds to its receptor Patched-1 (PTCH1). In the
absence of SHH, PTCH1 inhibits Smoothened (SMO),
a downstream protein in the HH pathway. Thus, the
interaction between SHH and PTCH1 reduces SMO
and the subsequent activation of the GLI transcription
factors Glil and Gli2, which are known activators,
as well as Gli3, a repressor'®!. The effect of this
molecular cascade has only partially been studied,
and the role of HH is currently the object of research
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in various types of human cancers (breast, pancreas,
lung, colorectal, gastric and renal cancers and hepato-
carcinoma)t®174631),

Evidence of HH activation in human liver tumour tissues
Different research groups have demonstrated that
mature hepatocytes lack HH activity™, The difference
in terms of HH protein marker expression between
tumour and normal liver tissues has been investigated
to assess the clinical impact of HH activation in HCC
patients®>* (Table 1).

The first prospective study was performed in 2006
by Sicklick et al®@ These authors examined levels of
SHH, Gli1 and SMO in tumours and in adjacent normal
tissues and confirmed the activation of the HH pathway
in cancer cells with overexpression of SMO compared
to respective non-tumour tissues. Moreover, elevated
SMO levels were significantly associated with the
size of the HCC nodules. The ratio of SMO to PTCH1
expression was higher in larger (> 5 cm diameter)
than in smaller (< 5 cm diameter) HCC lesions (r 1/4
0.57, P < 0.04)P,

Similar results have been presented by Huang
et al®® who published an interesting analysis of HH
markers in HCC tumour tissues and adjacent normal
liver tissues. In a case study of 115 patients, the
expression of SHH and its target genes were quantified
by in situ hybridization and polymerase chain reaction
(PCR). Expression levels of SHH, Glil and PTCH1 in
tumour cells were significantly higher than in adjacent
normal cells in most cases. HCC cancer cells were
positive for SHH in 59% of liver tumours, for Glil
in 72%, and for PTCH1 in 56%; the majority of HH
positive cases were tumours larger than 3 cm, thus
underlying the role of this pathway in maintaining
tumour growth and progression®?!. One single case
exhibited positive Glil and PTCH1 expression both in
tumour and in surrounding tissues; deeper analysis
also detected positive HH proteins levels in altered pre-
cancerous tissues (small cell dysplasia or dysplastic
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Table 1 Expression of Hedgehog pathway protein markers in hepatocarcinoma tissues

Ref. SMO SHH PTCH Gli1

Sicklick et al™, 2006 42.90% (3-fold 50% (3- to 4-fold higher than
higher than normal normal tissues)
21.4% (8- to 9-fold higher than
normal tissues)
56% positive tumours

Clinical correlation

Tumour size
tissues)

Huang et al™, 2006 59% positive tumours 72% positive Tumour size

tumours

Che et al®™, 2012 32.61% positive  60.87% positive tumours 50% positive tumours 54.35% positive Glil with disease-free survival

tumours

Dugum et al™, 2016 100% tumoural and

surrounding tissue

tumour tissue tissue

tumours (DFS) and overall survival

(©9)

100% tumoural and surrounding  100% tumoural Tendency to correlation with
tissue, with higher expression in and surrounding HCC recurrence after liver

transplantation

SMO: Smoothened; SHH: Sonic hedgehog; PTCH1: Patched-1; HCC: Hepatocellular carcinoma.

nodules) and in microscopic HCC, thus reinforcing the
substantial role of HH in early stages of carcinogenesis.
Another important finding that emerged from this
study was the correlation between HH activation and
B-catenin positivity, suggesting an interplay between
the two developmental pathways (WNT and HH) that
are involved in hepatocarcinogenesis™>.

Furthermore, HH activation appears to be linked
to the ingestion of alcohol. A recent study by Chan et
al®*® analysed a model of alcohol-derived hepatocar-
cinogenesis and described a correlation between
increased alcohol ingestion and HH signalling activation,
with subsequent malignant changes in liver cells.
Alcohol exposure induces the over-activation of HH
signalling through the elevation of HH ligands and HH
target genes in animal models and human tissues. The
proliferation of progenitor cells was accompanied by
the expression of EMT markers and by an interaction
between stroma and hepatic cells. The HH pathway
can induce glycolytic activity in myofibroblasts of liver
stroma, the so-called “reverse Warburg” effect®”, and
the products of glycolytic stromal cells stimulate the
proliferation of malignant liver cells®®,

Further evidence for a role of the HH pathway in
the carcinogenesis of HCC came from the analysis of
HH activation in cirrhotic patients®. Among these
patients, levels of PTCH1 were variable, due to the
presence of myofibroblastic hepatic stellate cells
in cirrhotic non neoplastic tissue that are able to
produce PTCH1™?, The concomitant detection of SMO
mutations and HH activation, demonstrated by high
Glil levels, suggest that early genetic alteration in HH
proteins can promote carcinogenesis and growth of
HCC from HH signals®?.

To define the relationship between the expression
of HH pathway components and clinical prognosis, a
sample-expanded and prolonged follow-up study was
performed on 46 surgically treated HCC patients™.
All HH components were present in more than 50%
of tumour samples, and in particular, Glil expression
was significantly correlated with disease-free survival
(DFS) and overall survival (0OS) (P < 0.029 and P

Baishidenge ~ WJG | www.wjgnet.com

< 0.025, respectively). The authors concluded that
Glil expression could become a strong prognostic
biomarker for HCC progression. Since Glil is a key
effector in the HH pathway, and HH components were
associated with clinical malignant features (tumour
size, capsular invasion and vascular invasion), we
speculate that HH signal activation has a clear impact
on the clinical progression and development of HCC in
patients®™’,

In 2016, Dugum et al®¥ assessed HH protein
marker expression in HCC and surrounding normal
tissue in patients with HCC recurrence after liver
transplantation (LT). These data have high clinical
relevance, because a complete panel of prognostic
biomarkers is required to identify patients who
can be selected for LT. SHH, PTCH1 and Glil levels
were positive in all tumour samples and in cirrhotic
tissue, confirming previous data. In particular, PTCH1
expression was higher in HCC than in non-tumour
tissue. Although no statistically significant correlation
was observed between HH markers and recurrence
after LT, the interval time between LT and recurrence
indicated a trend towards this correlation. However,
the small number of patients limited the value of this
study™".

HH signal inhibition blocks proliferation of HCC cell
lines in vitro

In addition to the analysis of tumour tissues from
HCC patients, in order to clarify the mechanisms of
tumourigenesis and progression that are induced
by the HH signalling pathway, Che et al** studied
the effect of the SMO antagonist cyclopamine
on proliferation and apoptosis in HCC cell lines.
Cyclopamine is a natural plant corn lily extract’®® with
the ability to downregulate HH signals through direct
negative interaction with the SMO receptor. In vitro
cyclopamine treatment affected cell viability, with a
concomitant reduction of mRNA and protein levels
of Glil, demonstrating that HCC cell proliferation
was dependent on HH signalling™®. Treatment with
cyclopamine also induced cell apoptosis through Glil-
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dependent downregulation of Bcl-2 and cleavage of
caspase 9 and caspase 3.

Similarly, Huang et al** tested a panel of HCC cells
for the expression of HH components, and selected HH
positive HCC cells were treated with cyclopamine or
anti-SHH-specific antibodies. A cyclopamine-induced
reduction of Glil mRNA with no substantial change
in SHH levels was demonstrated. Each type of HH
inhibitor affected the cell proliferation and vitality of
HCC cells, supporting the ideas that Glil is the best
marker of HH activation and that inhibition of Hh can
be sufficient to reduce tumour growth in this model™?.
These results encourage the evaluation of the inhibition
of the HH pathway as a promising new therapeutic
strategy for treating HCC.

Moreover, the combination of HH inhibitor with
radiotherapy enhances the radiosensitivity of HCC cells
and orthotopic tumours®, and the inhibition of HH
induces autophagy and apoptosis in HCC cells®”, thus
suggesting other various potential mechanisms of HH-
mediated effects.

In vivo models of HH-induced liver tumourigenesis
Based on these translational evidence, various in vivo
preclinical models have been created to study the
contribution of HH signalling to the pathogenesis of
HCC.

Philips et al'®! focused on the role of the HH
pathway in hepatocarcinogenesis and in the develop-
ment of the pre-cancerous lesion represented by
liver fibrosis. To demonstrate this hypothesis, they
treated a model of murine HCC represented by Mdr2-
deficient mice with the SMO inhibitor, GDC-0449.
Mdr2 is the murine homologue protein of human
MDR3, and its deletion eliminates P-glycoprotein,
which transports phosphatidylcholine (PC) across
the canalicular membrane. The absence of functional
Mdr2 induces portal inflammation and fibrosis, with
ductular proliferation and development of HCC within
60 wk™*. Mdr2-deficient mice were the optimal
model to study the evolution of HCC in vivo in fibrotic
livers. Mice showed progressively increasing levels
of SHH, IHH, and Gli2, concomitant, in early phases,
with an elevation of liver enzymes. Treatment in
vivo with GDC-0449 decreased the levels of hepatic
TGF-B and PDGF-B, of alpha-smooth muscle actin in
myofibroblastic hepatic stellate cells, concomitant
with a reduction of Glil and Gli2, demonstrating that
inhibition of HH improved liver fibrosis. Moreover,
the expression of markers of liver progenitor cell
populations decreased after HH inhibition, suggesting
that HH signalling is essential for the regeneration
of liver cell carcinogenesis, and for maintenance of
progenitor cell populations in advanced stages of
disease as a source of malignant cancer cells®®®. The
correlation between HH and PDGF-B in liver fibrosis
implied that the fibrogenic repair response favoured
HH activation itself. Since stem-like progenitor cells
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express CD44, and the receptor for osteopontin
and osteopontin itself is controlled by the HH
pathway!®’, the authors also investigated the effect
of SMO inhibition on osteopontin levels. Of interest,
osteopontin expression was significantly reduced
after treatment. It is likely that osteopontin is a key
point of regulation for cancer stem cell survival by the
HH pathway!®¥. Progenitor cells produce fibrogenic
factors such as TGF-B and PDGF-B, which activate Gli2
in @ non-canonical (SMO-independent) manner. HH
is implicated as a principal component of all of these
negative stimuli during chronic liver injury that lead to
fibrosis and/or cancer'®,

A prospective in vivo animal study confirmed the
potency of HH inhibition for reverting HCC growth™®,
Mice xenografted with mouse hepatoma Mistheton
Lectin-1 cells were randomly assigned to receive a
placebo or cyclopamine at a dose of 10 or 30 mg/kg
per day for 10 d and were monitored for tumour
growth. Tumour size, SHH and Glil mRNA levels were
decreased by cyclopamine treatment, especially with
the higher dose, in a statistically significant manner (P
= 0.047 for tumour size)™®.

Moreover, Pinter et a/'®”! demonstrated that
inhibition of HH with the SMO inhibitor GDC-0449
reduces angiogenesis in an orthotopic HCC model
by decreasing tumour expression of VEGF, with a
subsequent reduction of micro vessel formation and
tumour size.

Correlation of HH activation with EMT features and
cancer stem cells in HCC

EMT is a complex dynamic process that determines
changes in cellular features from an epithelial to a
mesenchymal phenotype!®®, Recent data support
the importance of cancer stem cells in inducing EMT
because they represent a subpopulation that exhibits a
metastatic profile®®’. Among the heterogeneity of cells
that compose a tumour mass, cancer stem cells have
been recognized as normal stem cells that are able to
generate various types of cells that resemble different
clones of tumour evolution and exhibit high invasive
potential and drugs resistance!®®. EMT activation is
triggered by cell signalling that represses E-cadherin
expression in favour of proteins of the mesenchymal
phenotype. In HCC cell lines, SLUG was demonstrated
as a principal inducer of EMT and stem-like cancer cell
growth, together with high levels of vimentin and over-
expression of N-cadherin™®’%, Consistent with the
phenotype, cancer stem cells display a sphere-forming
ability in vitro, confirming their invasive behaviour.
Of interest, CD133+ cells isolated from a mouse
Hepal6-derived tumour revealed over-expression
of HH pathway components’. However, cancer
stem cells constantly change dynamically in HCC. In
particular, cancer stem cells that are characterized by
an EMT phenotype, such as expression of vimentin,
SNAIL, TGF-B and HH components, are located in
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invasive margins of HCC nodules. The location of these
components serve as an indicator of their role in the
regulation of HCC progression. Their potential role as
therapeutic targets in HCC remains unknown>",

Interestingly, a promising novel target that has
been investigated in preclinical studies in HCC cell
models is the Bromodomain-containing protein
4 (BRD4), which plays an important role in HCC
cancerogenesis by the induction of various oncogenes,
including HH signalling-related genes”*”®. Wang et
al” demonstrated that BRD4 is able to promote HCC
cell migration and invasion in vitro and that BRD4
activity is mediated by HH signalling through the
metalloproteases MMP - 2 and MMP - 9. The activation
of metalloprotease by the HH pathway through focal
adhesion kinase/AKT signalling has been confirmed
also by other studies on liver cancer”, The inhibition
of BRD4 by silencing-RNA reduces MMP-2 and MMP-9
levels, blocking cell progression and invasive abilities.
All of these metastatic features can be totally restored
by stimulating HCC cells with the recombinant ligand
SHH, thus confirming that HH is an essential pathway
in HCC metastasis””".

Metalloprotease activation is not the only known
downstream effector of HH pathway-induced pro-
gression in HCC. Another potential “targetable” protein
is the kinesin family member 20A that is downstream
of Gli2. Gli2 controls the cell cycle in normal and
cancerous cells”””). Similarly, kinesin family proteins
are involved in the regulation of the cell cycle and
mitosis”®. Shi et al’”’ correlated for the first time
Gli2 and KIF20A in HCC cells and tissue samples
from patients. They found that aberrant activation
of the GLI2-KIF20A axis is crucial for the growth of
hepatocarcinoma and that their interplay is mediated
by activating Forkhead Box M1 (FoxM1)-MMB complex-
mediated transcription. Gli2 or KIF20A knockdown
affects the growth of HCC cells in vitro and in vivo.
Analysis of HCC tissues reveals that GLI2, FoxM1 and
KIF20A are highly increased in tumour cells and are
correlated with HCC recurrence and overall survival of
patients. Co-expression of these three markers could
be considered a negative predictor for poor prognosis
in HCC patients'”.

Correlation of micro-RNAs and HH signals in HCC
MicroRNAs (miRNAs) are endogenous non-coding
RNAs and are characterized by a length of B22
nucleotides. miRNAs supress the expression of target
genes at a post-transcriptional or translational level.
In particular, a miRNA seed sequence (6-8 end
nucleotides) interacts with a complementary sequence
in messenger RNA of target genes. In humans their
role is known in normal biological processes including
proliferation and differentiation, and in tumours,
including HCC*%,

MicroRNAs can regulate EMT in HCC; in particular,
miR-338-3p expression is significantly low in HCC
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tissues with poor differentiation in advanced stage HCC
patients®,

MiR- 338-3p reduces HCC cell invasiveness in
vitro by specifically inhibiting SMO, the receptor of
HH signalling, and subsequently reducing MMP-9
activity™®, In HCC cell lines, miR-338-3p expression
levels correlate with the transcriptional activity
of E-cadherin and with inhibited N-cadherin®™,
Transfection of the miR-338-3p mimic in HCC cells
induces a regression of Glil protein and mRNA levels
concomitant with a decrease of SNAIL activity. In
contrast, SMO siRNA inhibits the effect of miR-338-
3p, confirming that SMO is the mediator of miR-338-
3p in HCC cells and that inhibition of miR-338-3p is
a mechanism of activation of EMT and HH signalling
in HCC development. miR-338-3p and N-cadherin
expression levels were assessed in a cohort of 163
HCC tissue specimens by real time PCR, in which HCC
tumours were classified as low and high expressers
and correlated a low miR-338-3p with a poor clinical
DFS. Similarly, high expression of N-cadherin and
low expression of miR-338-3p correlated with HCC
metastasis!”>®!. Moreover, real time PCR on HCC
tissues for HH components revealed that high levels
of miR-338-3p occur together with inhibition of HH
signals, and with low expression of SMO, Glil and
vimentin, thus confirming the complex link between
miRNAs, HH and EMT.

In addition, cooperation of HH and miR-378 family
members (miR-378a-3p, miR-378b and miR-378d)
was demonstrated also in hepatic fibrogenesis. In
most chronic liver diseases, fibrogenesis is a base
for malignant transformation. The mechanism by
which fibrogenesis is controlled by miR-378 is by the
inhibition of GLI3 in activated hepatic stellate cells
and chronically damaged liver®®®. Moreover, SMO is an
inhibitor of the transcription of miR-378a-3p by nuclear
factor-kB. In human tissues, miR-378a-3p levels are
inversely correlated with Gli3. In experimental animal
models, the introduction of a mimic miR-378a-3p can
revert liver fibrotic damage and HH signalling™®”.

In light of these results, miR-378a-3p is considered
to be a useful biomarker for hepatic pathogenesis and
a potentially new therapeutic agent for treatment of
liver tumours.

CONCLUSION

Among all of the pathways that are involved in the
development of HCC, HH signalling has a substantial
role in hepatocarcinogenesis and HCC progression. The
role of HH can have potential therapeutic implications,
because chemical inhibitors of the HH pathway are
now approved for use in other human tumours, such
as in basocellular carcinoma®. All efforts that target
the molecular components of the pathways that
are activated in the development of HCC have not
demonstrated a clinical benefit, and sorafenib remains

June 28, 2017 | Volume 23 | Issue 24 |



the only available therapeutic option for advanced HCC
patients. Numerous preclinical data are available that
suggest a role of HH in hepatocarcinogenesis and EMT
in HCCP*”*77), In HCC, reactivation of the HH pathway
is responsible for the maintenance of cancer stem
cells that harbour a mesenchymal phenotype, and HH
inhibition in preclinical models has a clear anti-tumour
effect’’®””), Moreover, the correlation between the
expression of HH proteins in HCC tumour tissues and a
poor clinical outcome demonstrates that HH activation
is implicated in HCC invasiveness and progression™>>",
Thus, the HH pathway plays a crucial role in the
process of carcinogenesis and progression of hepato-
carcinoma; however, the prognostic value of the HH
pathway protein marker expression in tissues from
HCC patients requires further investigation. In the
future, targeting the HH pathway in HCC could be an
interesting subject for preclinical and clinical studies.
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