Journal of Clinical and Translational Hepatology 2021 vol. 9(6) | 960-971
DOI: 10.14218/1JCTH.2021.00065

Review Article

Targeting the Wnt Signaling Pathway in Liver Fibrosis for Drug
Options: An Update

Y =

Kristina Duspara?*®, Kristina Bojanic®*>*# ®, Josipa Ivanusic Pejic?®, Lucija Kunal?®, Tea Omanovic Kolaric!?
Vjera Nincevic?®, Robert Smolic®”8, Aleksandar Vcev®”#8, Marija Glasnovic?, Ines Bilic Curcic*1°
and Martina Smolict?*

IDepartment of Pharmacology and Biochemistry, Faculty of Dental Medicine and Health Osijek, J. J. Strossmayer University
of Osijek, Osijek, Croatia; 2Department of Pharmacology, Faculty of Medicine Osijek, J. J. Strossmayer University of Osijek,
Osijek, Croatia; 3Department of Biophysics and Radiology, Faculty of Dental Medicine and Health Osijek, J. J. Strossmayer
University of Osijek, Osijek, Croatia; *Department of Biophysics and Radiology, Faculty of Medicine Osijek, J. J. Strossmayer
University of Osijek, Osijek, Croatia; *Department of Radiology, Health Center Osijek, Osijek, Croatia; ®Department of Medi-
cine, Division of Gastroenterology/Hepatology, University Hospital Osijek, Osijek, Croatia; “Department of Pathophysiology,
Physiology and Immunology, Faculty of Dental Medicine and Health Osijek, J. J. Strossmayer University of Osijek, Osijek,
Croatia; 8Department of Pathophysiology, Faculty of Medicine Osijek, J. J. Strossmayer University of Osijek, Osijek, Croatia;
9Department of Medicine, Family Medicine and History of Medicine, Faculty of Medicine Osijek, J. J. Strossmayer University
of Osijek, Osijek, Croatia; 1°Department of Medicine, Division of Endocrinology, University Hospital Osijek, Osijek, Croatia

Received: 8 February 2021 | Revised: 23 June 2021 | Accepted: 1 July 2021 | Published: 13 September 2021

Abstract

Liver fibrosis is a life-threatening disease, with challenging
morbidity and mortality for healthcare systems worldwide.
It imparts an enormous economic burden to societies, mak-
ing continuous research and informational updates about
its pathogenesis and treatment crucial. This review’s focus
is on the current knowledge about the Wnt signaling path-
way, serving as an important pathway in liver fibrosis de-
velopment and activation of hepatic stellate cells (HSCs).
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Two types of Wnt pathways are distinguished, namely the
B-catenin-dependent canonical and non-canonical Ca2* or
planar cell polarity (PCP)-dependent pathway. The dynam-
ic balance of physiologically healthy liver and hepatocytes
is disturbed by repeated liver injuries. Activation of the B-
catenin Wnt pathway prevents the regeneration of hepato-
cytes by the replacement of extracellular matrix (ECM),
leading to the appearance of scar tissue and the formation
of regenerated nodular hepatocytes, lacking the original
function of healthy hepatocytes. Therefore, liver function
is reduced due to the severely advanced disease. Selec-
tive inhibition of B-catenin inhibits inflammatory processes
(since chemokines and pro-inflammatory cytokines are
produced during Wnt activation), reduces growth of acti-
vated HSCs and reduces collagen synthesis and angiogen-
esis, thereby reducing the progression of liver fibrosis in
vivo. While the canonical Wnt pathway is usually inactive
in a physiologically healthy liver, it shows activity during
cell regeneration or renewal and in certain pathophysiolog-
ical conditions, such as liver diseases and cancer. Targeted
blocking of some of the basic components of the Wnt path-
way is a therapeutic approach. These include the frizzled
transmembrane receptor (Fz) receptors using the secreted
frizzled-related protein family (sFRP), Fz-coreceptors low-
density LRP 5/6 through dickkopf-related protein 1 (DKK1)
or niclosamide, glycogen kinase-3 beta (GSK-3B) using
SB-216763, cyclic-AMP response element-binding protein
(CBP) using PRI-724 and ICG-001, the lymphoid enhanc-
er binding factor (LEF)/T cell-specific transcription factor
(TCF) system as well as Wnt inhibitory factor 1 (WIF1) and
miR-17-5p using pinostilbene hydrate (PSH). Significant
progress has been made in inhibiting Wnt and thus stop-
ping the progression of liver fibrosis by diminishing key
components for its action. Comprehending the role of the
Wnt signaling pathway in liver fibrosis may lead to discov-
ery of novel targets in liver fibrosis therapeutic strategies’
development.
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Introduction

Liver fibrosis represents a significant global health problem.
Due to the fact that fibrosis progression leads to the de-
velopment of cirrhosis and liver cancer, worldwide mortal-
ity related to this condition is 1.5 million deaths per year.!
Numerous epidemiological studies have shown important
clinical implications of fibrosis staging.2 Various clinical tools
have also been developed in order to better distinguish
stages of liver disease and predict mortality with cirrho-
sis, such as the Child-Pugh score and model for end-stage
liver disease score. Etiology of liver fibrosis can be divided
into the following two major types of injuries: cholestatic
(reduction or obstruction of the gall flow in the liver) and
hepatotoxic (hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections, metabolic- and alcoholic-associated stea-
tohepatitis).> Common pathophysiological mechanisms in-
volved in fibrosis development, regardless of the etiology,
are cytokine release and chronic inflammation, hepatocyte
death, HSC activation, and disruption of the endothelial or
epithelial barrier.# Endothelial cells, HSCs and Kupffer cells
have various functions, with a particularly important role
in fibrosis development. Kupffer cells are liable for the pro-
duction of different proinflammatory cytokines, and also act
as liver macrophages. As the headspring of transforming
growth factor-beta (TGF-B) is proven to play a key role in fi-
brogenesis, Kupffer cells are also an important factor in the
development of fibrosis.2> Accordingly, liver fibrogenesis
represents a complex process which requires extracellular
and cellular signaling.?2

Recently, reactivation of several signaling pathways, such
as Wnt, notch and hedgehog (Hh), has been related with
liver injury and regeneration.® The Wnt signaling pathway
is a conserved signal transduction pathway included in the
regulation of numerous cellular functions and controlling
important aspects of development.7-10 Activation of this
signaling pathway is associated to activation of HSCs and
fibrogenesis, along with enhanced synthesis of ECM, trans-
formation of epithelial cells or epithelial-to-mesenchymal
transition (EMT) or interaction with other profibrotic media-
tors. 11-13

Through this critical review, we aimed to recapitulate cur-
rent lore about the Wnt signaling pathway as a part of the
underlying pathophysiological mechanism in liver fibrosis
development. Also, emerging data about potential molecu-
lar treatment options targeting the Wnt signaling pathway
are systematically presented.

Wnt signaling pathway

Among several intracellular signaling pathways included
in the pathophysiology of liver fibrosis, the Wnt signal-
ing pathway claims a growing share.'* During its acti-
vation, it shows fibrotic effects, while poor formation of
structure as well as low processes of wound healing oc-
cur during its inactivation.!! As stated above, based on
the involvement of B-catenin, the Wnt signaling pathway
principally encompasses two classes: canonical and non-
canonical. The correlation of these two pathways can also
be expressed through the possibility that non-canonical

Wnt ligands may have a negative effect on the canonical
pathway.!!

Canonical pathway

The key component of the canonical Wnt signaling pathway
is its downstream actions!®> through B-catenin, acting as a
protein with dual function (as a transcription factor and an
adhesion molecule).1® It is important to emphasize that in
healthy liver this protein is localized in the membrane of
hepatocyte,17 but in injured liver this location changes to
the cytoplasm. In the adhesion cell-cell processes, binding
of adhesive and transmembrane component (such as E-
cadherin to actin; basically adhesive component-protein)8
within the cytoskeleton is enabled when B-catenin is bound
to the plasma membrane; the catenin acts as a bridge be-
tween cadherin and actin, as shown in Figure 1. Meanwhile,
catenin is the Wnt pathway’s major transducer when local-
ized in the cytoplasm.!® Due to the fact that B-catenin can-
not bind directly to DNA in order to make contact with target
genes, it relies on coactivators and various transcription fac-
tors.19 Its own transcription factor function is mostly regu-
lated by canonical Wnt proteins (e.g., Wntl, Wnt3a, Wnt8),
which are mainly located in the extracellular space. As extra-
cellular signaling molecules, they bind and initiate signaling
processes, leading to B-catenin’s cascade reaction.20

When Wnt signaling is off, B-catenin is located in the cy-
toplasm in the low regime, where its stability is controlled
by a destruction complex?! composed of protein axin, ad-
enomatous polyposis coli (APC), GSK-3B and casein kinase
1 alpha (CK1a).22 B-catenin is phosphorylated by CK1 and
GSK-3p and afterwards ubiquitinated by beta-transducin re-
peat containing protein (B-TrCP). Final degradation by the
proteasome results in insufficient levels of B-catenin to ac-
tivate the transcription process.?3 Binding of canonical Wnt
proteins to Fz and LRP 5/6 activates the canonical pathway.20
Relocation of Axin to LRP 5/6 due to the Fz/Disheveled (Dvl)
complex leads to phosphorylation of LRP 5/6.20 As a result,
GSK-3B is inactivated?* and the destruction complex disso-
ciated, with absence of B-catenin phosphorylation.25:26 Sub-
sequently, the proportion of unphosphorylated B-catenin
increases, followed by its translocation to the nucleus. Al-
though the mechanism of B-catenin’s translocation to nu-
cleus is yet unknown, the main action is to become bound
to lymphoid enhancer binding factor (LEF)/T cell-specific
transcription factor (TCF) in order to initiate targeted genes’
transcription.2? On the molecular level, it requires engage-
ment with either one of the two transcriptional coactivators:
cAMP-response element-binding protein (CREB) or p300.28
Recently, Yu et al.?° demonstrated a suppressive effect on
Wnt by acting through the clustered regularly interspaced
short palindromic repeats-associated protein 9 (CRISPR-
Cas9) system as an editing system to reduce the effect of
LRP 6 gene in mice with alcohol-induced liver injury.

Non-canonical pathway

Non-canonical signaling pathways are B-catenin-independ-
ent.20 They encompass non-the canonical Wnt/Ca2* path-
way and PCP pathway,! as shown on Figure 2. In the Wnt/
Ca?* signaling pathway, binding of a non-canonical Wnt
protein (e.g., Wnt5a) results in activation of the cytoplas-
mic protein Dvl, which increases the concentration of cy-
toplasmatic Ca2* and subsequently activates the protein
kinase C (PKC) and calcium sensitive enzymes calmodulin
kinase II (CamKII).20 It is also important to emphasize its
role in increasing the activity of phospholipase C (PLC) and
the nuclear factor related to T cells’ activation in transcrip-
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Fig. 1. Activated and inactivated canonical Wnt signaling. In an inactivated state, B-catenin in the hepatocyte membrane forms a bridge between actin and
E-cadherin. When Wnt signaling is off, B-catenin (in a multiprotein complex with GSK-3pB, axin, CK1a, B-TrCP and APC) is phosphorylated by GSK-3B and CK1la and
ubiquitinated by BTrCP. In the end, B-catenin is degraded by the proteosome. When Wnt signaling is on, Wnt-Fz and LRP coordinate the activation of Dvl, leading to
dissociation of the multiprotein complex and resulting in the inactivation of GSK-3B (no phosphorylation anymore). Excessive free B-catenin translocates to the nucleus
and binds to TCF/LEF transcription factors, resulting in a transcriptional activation of Wnt target genes. GSK-38, glycogen synthase kinase-3 beta; CK1a, casein kinase
1 alpha; B-TrCP, beta-transducin repeat containing protein; Wnt-Fz, Wnt-Frizzled transmembrane receptor; LRP, low-density lipoprotein receptor-related protein; Dvl,
Disheveled gene; TCF/LEF, T cell-specific transcription factor/lymphoid enhancer binding factor.

tion.11 Additionally, a study from Sen et al.3° suggested
that the non-canonical Wnt signaling pathway contributes
to transcriptional activation of NF-kB responsive genes,
responsible for various proinflammatory cytokines’ and
chemokines’ expression. The second non-canonical Wnt
signaling pathway is the PCP; in the literature, it is also
commonly referred to as the Wnt/c-Jun N-terminal kinase

(INK) pathway, being important in cytoskeletal organiza-
tion.29 The Wnt/PCP ligands (i.e. Wnt5a, Wnt7, and Wnt11)
bind to the Fz receptor encompassing Dvl-mediated stimu-
lation of the Rho and Rac (which are small GTPases). Sub-
sequently, activation of a kinase (such as ROK and JNK)
is stimulated, which, in the end, are comprehensively in-
volved in cellular proliferation and differentiation (including
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Fig. 2. The non-canonical Wnt signaling pathways include the Wnt/Ca2+ pathway and PCP pathway. In the Wnt/Ca2* signaling pathway, activated Dvl in-
creases the concentration of cytoplasmatic Ca2+, leading to activation of the CaZ*-sensitive enzymes CamKII and PKC, and NF-k, resulting in transcriptional activation
of target genes. In the PCP pathway, Wnt proteins activate Dvl, which activates Rac and Roc and subsequently activates ROK and JNK kinase. Dvl, Disheveled gene;
CamKII, calmodulin kinase II protein-1; PKC, protein kinase C; PCP, planar cell polarity; JNK, Jun N-terminal kinase.

of HSCs during the process of liver fibrosis).31-33 cated in the space of Disse, between endothelial sinusoidal
cells and heptocytes.3435 Their major role relates to mo-
lecular mechanisms of transdifferentiation, itself represent-

Liver fibrosis ing a key role in liver fibrosis.3¢ Numerous investigations
have attempted to discover the key role of the Wnt signaling
HSCs pathway in HSCs and liver fibrosis. Nevertheless, its role in

HSC biology still remains to be fully elucidated.3”
In the physiological condition, HSCs are in a quiescent
HSCs belong to the group of specialized liver pericytes lo- state and store retinoids. Also, in the inactive stage, they
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synthesize glialfibrillaryacidic protein (GFAP), a component
of the ECM.38 The matrix itself may be degraded by nu-
merous different enzymes, but the matrix-degrading met-
alloproteinases (MMPs) have a key role in the degradation
process. Due to that, ECM does not accumulate to cause
fibrosis. In healthy liver, HSC’s major function is to maintain
extracellular homeostasis and accumulation of retinyl esters
forms of vitamin A in cytoplasmic lipid droplets.39:40

In conditions of liver damage, their transformation into
myofibroblasts occurs as a part of wound healing response.
If the injury is prolonged, activated HSCs stimulate the pro-
duction of ECM components, while reducing their degrada-
tion and therefore becoming the major fibrogenic type of liv-
er cell.*! Mechanical or inflammatory processes may cause
liver damage and subsequent HSCs’ activation, including
Wnt signaling pathway on a molecular level. As a matter
of fact, activated HSCs result in increased a-smooth mus-
cle actin (a-SMA) and collagens type I and II (i.e. the ECM
components). Moreover, growth regulation by platelet-de-
rived growth factor (PDGF) and TGF-B1 are also increased.*?
On the other hand, activation of HSCs decreases retinoids
and GFAP. The profibrogenic cytokine TGF-B1 affects MMP
particularly by down-regulating interstitial collagenase ex-
pression, simultaneously up-regulating expression of metal-
lopeptidase inhibitor 1 (TIMP-1), collagen I and gelatinase
A.%3 Hence, the binding of TIMPs to activated MMPs causes
irreversible deposition of ECM, which leads to liver fibrosis.44

For these mechanisms, it has been proposed that if HSC
activation and proliferation can be hampered, or the rate of
apoptosis enhanced, the progression of liver fibrosis may be
inhibited as well.4>

Even though HSC cell cultures have shown their poten-
tial in observation of fibrogenesis and in the estimation of
complex toxicity responses, the deficiency of cultures and
reliable sources of HSCs restrict their utilization.*6:47 A few
published findings show correlation among liver fibrosis and
activation of the Wnt signaling pathway in HSCs. Antagonism
of the Wnt signaling pathway with an inhibitor of interactions
among B-catenin and CREB-binding protein suppresses and
reverses HSC activation, resulting in attenuation of liver fi-
brogenesis.37:48:49 In 2008, Kordes et al.>% demonstrated that
the Wnt/B-catenin pathway negatively regulates HSC activa-
tion. On the other hand, a larger number of studies have pro-
vided evidence to support a positive correlation between ac-
tivation of the canonical Wnt signaling pathway, fibrosis and
the process of HSC activation.49:51:52 However, simultaneous-
ly, for non-canonical Wnt signaling, B-catenin (independent)
and its components have been observed as contributors of
HSC activation and as compounds of fibrotic livers.>3:54

Pathophysiological mechanism of fibrosis

Pathophysiology of liver fibrosis involves a complex inter-
play of many mechanisms, including the intracellular signal-
ing pathways of Wnt/B-catenin, GAS6/Ax| and TGF-B/Smad,*>
and other preserved morphogenic developmental signaling
pathways, such as of notch and Hh.5> Repeated liver injuries,
massive accumulation of ECM leading to cell stiffening, and
the appearance of scar tissue disrupts liver homeostasis.>¢ In
the absence of hepatocyte regeneration, the cells are replaced
by ECM and the formation of regenerating nodular hepato-
cytes.>® The Wnt pathway has been shown to be activated
in the process of liver fibrosis involving B-catenin, Fz recep-
tors and LRP coreceptor upregulation.>> Downregulation or
selective inhibition of the Wnt/B-catenin pathway significantly
inhibits activation, differentiation, contractility and migration
of HSCs in vitro, also processes of fibrosis, inflammation and
angiogenesis are attenuated in vivo.>> Selective inhibition of
the Wnt/B-catenin pathway using ICG-001 inhibits HSCs acti-
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vation, differentiation, contractility and migration in vitro, as
well as collagen deposition and processes of fibrosis, inflam-
mation and angiogenesis in vivo.35 It is known that activation
of HSCs also results in the secretion of CXCL12, which stimu-
lates macrophage infiltration of the liver and HSCs' activation,
thus promoting fibrosis, inflammation and angiogenesis.>>
When inhibiting the Wnt/B-catenin pathway, production of
CXCL12 and the processes of fibrosis, inflammation and an-
giogenesis are attenuated in the liver.>>

Studies have shown the connection between Wnt5a and
TGF.53 When Wnt5a expression was studied in fibrotic livers
of mouse and human, upregulation of the Wnt5a gene and
protein was found in comparison to that in healthy livers,
and the level of Wnt5a was also found to have decreased
after therapeutic intervention in mice.>3 In vitro studies have
shown that expression of Wnt5a and Wnt receptors Fz2 and
Fz8 were significantly enhanced by TGF.53 Levels of collagen
type I and fibronectin in TGF-stimulated myofibroblasts are
increased, along with Wnt, and decreased when Wnt5a is
suppressed by antifibrotic cytokine in vitro and in vivo.33
In addition, suppression of Wnt5a in activated LX2 cells de-
creases production of both collagen type I and TGF-B.53 A re-
cent study showed that establishment of fibrosis is affected
by the induction of EndMT,57 which is crucial for the produc-
tion of myofibroblasts in fibrous organs and tissues.>8-61 In-
creased TGF-B expression increases asymmetric dimethylar-
ginine (ADMA) and factors of inflammation, while a decrease
is expected in nitric oxide secretion and nitric oxide synthase
activity, as well as in dimethyl arginine dimethylaminohydro-
lase-1 (DDAH1), Nrf2 and VE-cadherin; all, together are de-
fined as factors for fibrosis improvement through EndMT.57
Levels of Wnt5a in serum follow hepatosteatosis, nonalco-
holic fatty liver disease (NAFLD) and nonalcoholic steatohep-
atitis (NASH).62 It is supposed that suppression of Wnt5a,
as it has proinflammatory effects, can reduce NASH; based
on that hypothesis, studies using celecoxib, an inhibitor of
cyclooxigenase-2 (COX-2), were performed.53 In a rat model
of NASH, the expression of Wnt5a, COX-2, JNK1 and NF-kB
p65 were higher, as observed by levels of aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT),
and histologically; however, the administration of celecoxib
suppressed their expression and inflammation in liver.®3 It
was concluded by the authors that it is possible to amelio-
rate NASH by suppressing the Wnt5a/JNK1 pathway.®3 In
another study, pharmacologically-increased Wnt3a and B-
catenin, along with suppressed Wnt5a, produced an anti-
inflammatory effect in hepatosteatosis, NAFLD, and NASH.20

Hepatic fibrosis used to be considered an irreversible pro-
cess, taking into account that hepatic parenchyma is de-
stroyed and replaced with fibrotic tissue; however, laborato-
ry and clinical studies have revealed possible reversibility of
progressive Wnt signaling pathway-related liver fibrosis.64
Studies performed in vitro and in vivo have also lent sup-
port to the hypothesis that B-catenin protects hepatocytes
through the inhibition of apoptosis associated with FoxO3;
importantly, such findings can be relevant for future thera-
peutic interventions in the field of liver injury protection,
repair, and regeneration.®> A recent study confirmed that
increased EMT due to Dact2 (an antagonist of B-catenin)
deficiency helps to promote healing processes in the liver.%®
Dact2 inhibits binding of LEF1 to B-catenin and promotes
degradation of Dvl; by establishing re-expression of Dact2,
T-cell factor 4 (its transcriptional activity) and downstream
signaling of Wnt are stimulated, which is known to play a
role in gene suppression.®

Therapeutic solutions

Scientists have been steadily working for years on elucidat-
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ing the underlying molecular mechanisms responsible for
liver fibrosis development and to develop adequate thera-
peutic strategies (which have to be validated in preclini-
cal and clinical trials).67-72 Alleviation of the Wnt signaling
pathway is possible, due to its members Wntl, Wnt3a and
Wnt10b, as well as Fz1 and 5; WIF is influential, in that it
joins to either its ligand, sFRP family or antagonist to pre-
vent association between the LRP coreceptor and Fz. Agents
that exert inhibitory effects on the Wnt signaling pathway
are being considered to have preventive or therapeutic ef-
fects in liver fibrosis; these are DKK1, niclosamide, sFRP5,
SB-216763, ICG-001, PRI-724 and pinostilbene hydrate
(PSH), as shown in Figure 3.

DKK1

DKK1 is among the best-characterized inhibitors of the Wnt/
B-catenin signaling pathway. It prevents binding between
Wnt and the LRP5/6 component of the receptor complex,”3
resulting in a disruption of Fz-LRP6 dimerization.”# DKK1 was
used to prove the role of the Wnt canonical pathway in ac-
tivation of HSCs as well as their quiescence and renewal of
regulation (adipogenesis).”’> In activated HSCs, the expres-
sion of Wnt3a and 10b (as canonical) and Wnt4 and 5a (as
non-canonical) isoforms of Wnt, receptors Fz1 and 2, and
LRP6 and Ryk (coreceptors) is induced, as shown by the TCF
promoter-luciferase gene becoming activated. However, ad-
ministration of DKK1 inhibits Wnt signaling and results in both
decreasing TCF and increasing peroxisome proliferator-acti-
vated receptor (PPAR) y-trigger activity of the PPAR response
element, a crucial transcriptional parameter (adipogenic).”>
As demonstrated in earlier studies, PPAR is one of the major
transcriptional factors in adipocyte differentiation and for the
maintenance of HSC quiescence in vitro; the expression of
transcriptional adipogenic factors is substantial according to
its activation being associated with forfeiture of transcrip-
tional adipogenic regulation.”® The anti-adipogenic effect of
DKK1 on HSCs was shown in vitro by detection of increasing
levels of PPARy mRNA.77 By extending these findings from an
animal model of cholestatic liver fibrosis, an antifibrotic ef-
fect of DKK1 has been proven.”> DKK1 can abolish epigenetic
repression, return PPARy activity and reduce fibrosis due to
its inhibitory effect on Wnt signaling inhibition.42

DKK1 also showed a protective role in developing fibrosis
demonstrated as attenuation of fibrosis indexes’ expression
and proliferation of cells; both are induced by oxidored-ni-
tro domain-containing protein 1 (NOR1). NOR1 locution is
otherwise greater in hepatocellular carcinoma, cirrhosis and
hepatitis. The study by Xiang et al.”® showed induction of
NORT1 locution by TGF-B1 in a dose-dependent manner and
that its knockdown remarkably inhibited protein expression
of fibrosis indexes, including collagen I and III and a-SMA
induced by TGF-B1. NOR1 over-locution may participate in
activation of the Wnt/B-catenin pathway in HSCs, and pro-
mote proliferation of cells as well as the locution of fibro-
sis indexes. Conclusively, NOR1 contributes significantly to
liver fibrosis in vitro due to its activation of HSCs and the
Wnt/B-catenin pathway; however, these effects may be at-
tenuated by DKK1. Inhibitory effects on B-catenin, Axin2,
Wnt3a, a-SMA and collagen I and III were proven in hu-
man HSCs in vitro.”6 Direct inhibition of inflammation and
fibrogenesis’8 could add DKK1 to the list as one of the most
potent antifibrotic compounds.

Niclosamide

Antifibrotic effect of the Food and Drug Administration-ap-
proved antihelminthic niclosamide was recently confirmed

by El Ashmawy et al.>¢ in carbon tetrachloride (CCl,)-in-
duced fibrosis in mice. Niclosamide suppressed expres-
sion of TGF-B1 and the Dvl2 genes®®7° and activity of B-
catenin.>6:80 Serum levels of ALT, AST, L-hydroxyproline and
L-glutaminase activity and total bilirubin were significantly
reduced by niclosamide and CCl, compared to a mouse
group treated with CCl, only.5¢ Significant reduction of
a-SMA expression, which confirmed niclosamide’s inhibi-
tory effect of S100A48! and was responsible for induction
of a-SMA,82 was also proven. Niclosamide achieved a weak-
ened effect of autophagy-induced apoptosis,83:84 which can
be explained by the fact that apoptosis may be one of the
main mechanisms of liver fibrosis resolution, despite its as-
sociation with exacerbated stages of fibrosis.>® Niclosamide
could be established as a future antifibrotic therapeutic solu-
tion, since recently reported adverse effects of niclosamide
seem to be neglectable. The latest review concluded that
several shortcomings, including certain cytotoxicity, limited
aqueous solubility and partial absorption from the intestinal
tract, could be overcome using nano-based formulations.8>
According to 2021 published results of a phase Ib trail re-
garding prostate cancer treatment, reformulated orally-bi-
oavailable niclosamide was well tolerated, with diarrhea as
the most common side effect.86 Only few patients expe-
rienced grade 3 adverse effects, including fatigue (n=1),
abdominal pain (n=1), anemia (n=1), hypoalbuminemia
(n=1), and hyperglycemia (n=1).86

sFRP5

sFRP5S is declared as an adipocytokine with anti-inflamma-
tory and anti-fibrotic effects, that plays a regulatory role in
metabolic homeostasis. In mouse models, it has been shown
that sFRP5 can inhibit effects of Wnt5a/Fz2 on proliferation
and migration of HSCs, and therefore ameliorate liver fibro-
sis.>* Lower level of sFRP in serum is associated with obesity,
diabetes, and NASH.>4 In studies with sFRP5 knockout mice,
development of adipose inflammation and obesity is noted,
while overexpression of sFRP5 via adenovirus may result in
alleviating adipose inflammation, hepatosteatosis, and obe-
sity.8” Beneficial effects of administration of recombinant
sFRP5 has been shown in methionine- and choline-deprived
diet-induced NASH,88 including lowered serum transaminas-
es, reduced steatosis (intrahepatic) and inflammation scores,
and inhibited activation of Kupffer cells and inflammatory fac-
tor expression of adipokines in hepatic tissues (also shown
in a different NASH model).87 Intervention with recombinant
sFRP5 significantly lowered levels of IL6, monocyte chem-
oattractant protein-1 (MCP-1),8° TNFa and IL-1B in hepatic
tissue.8” The recombinant sFRP protein has so far been used
in vitro and in animal models, in all showing a positive effect
on fibrosis. To date, according to our knowledge, there are no
literature data about the use of recombinant sFRP in humans
or its side effects. However, in a recently published study,
serum levels of circulating sFRP were measured in women
with breast cancer. A favorable predicted survival was found,
while the high levels in breast cancer tissue were found to be
associated with a better outcome for patients.0

It is notable that even restored sFRP5 can also inhibit
3-catenin and the Wnt pathway by downregulation of cyclin
D1 and c-myc genes.8” The observed significant effects of
sFRPs in liver fibrosis could be related to its ability to bind
the cysteine domain of proteins in the Wnt pathway, but the
underlying molecular mechanisms are yet unknown.%!

SB-216763

SB-216763 (3-(2,4-Dichlorophenyl)-4-(1-methyl-1H-indol-

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 960-971 965



Duspara K. et al: Drug targets of Wnt signaling in liver fibrosis

NICLOSAMIDE EXTRACELLULAR SPACE

DKK1

SFRP5

Wnt off Wnt on

BRI |

Dvl
: CYTOPLASM
®lele
SB-216763
ubiquitination

S

g ™ WIF1 )

PRI-724

TRANSCRIPTIONAL
ICG-001 NUCGLEUS ACTIVATION

PROTEASOMAL
DEGRADATION

Fig. 3. Activated and inactivated canonical Wnt signaling. When Wnt signaling is off, B-catenin (in @ multiprotein complex with GSK-3, axin, CK1a, B-TrCP and APC)
is phosphorylated by GSK-3B and CK1a and ubiquitinated by B-TrCP. In the end, B-catenin is degraded by the proteosome. When Wnt signaling is on, Dvl inhibits B-catenin
phosphorylation by inhibiting GSK-3p activity. The Wnt-Fz-LPR5/6 heterotrimer coordinates Dvl activation, dissociating the multiprotein complex and resulting in the inac-
tivation of GSK-3B (no phosphorylation anymore). Unphosphorylated B-catenin increases, then migrates to the nucleus and links to TCF/LEF and CBP. The TCF/B-catenin
complex links DNA and leads to transcription of Wnt target genes. Antifibrotic compounds that inhibit Wnt signaling and prevent liver fibrosis are DKK1, niclosamide, sFRP5,
SB-216763, PRI-724, ICG-001, and PSH. GSK-38, glycogen synthase kinase-3 beta; CK1a, casein kinase 1 alpha; B-TrCP, beta-transducin repeat containing protein; APC,
adenomatous polyposis coli; B-TrCP; Dvl , Disheveled gene; Wnt-Fz-LPR 5/6, Wnt-Frizzled transmembrane receptor-low-density lipoprotein receptor-related protein 5/6;
TCF/LEF, T cell-specific transcription factor/lymphoid enhancer binding factor; CBP, cyclic-AMP response element-binding protein; DKK1, dickkopf-related protein 1.

3-yl)-1H-pyrrole-2,5-dione) is a selectable and potent GSK- response and cytokine production, as well as in cellular pro-
3B inhibitor, capable of exerting an effective role in thera- liferation. Over the years, GSK-3B has gained importance
py of many diseases and currently under investigation.®? among researchers, for its role in the Wnt/B-catenin signal-
GSK-3B has a known regulatory role in the inflammatory ing pathway. Studies have shown that inhibition of GSK-3B
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results in anti-inflammatory cytokine production. Inhibi-
tion of GSK-3B has been studied on pulmonary fibrosis, for
which administration of SB-216763 has produced beneficial
effects on the inflammatory and profibrotic milieu by inhib-
iting the production of MCP-1 and TNFa in pulmonary mac-
rophages; significant reduction in bleomycin-induced apop-
tosis of alveolar epithelial cells has also been noted. In vivo
administration of SB-216763 to mice has been proven as
safe for preventing bleomycin-induced respiratory distress
syndrome, as there were no toxic effects on heart, liver or
kidney, and in improving survival of treated mice. These
results positioned GSK-3B as a potential molecular target
in pulmonary fibrosis treatment, and it has been further
investigated in diabetes mellitus, bipolar disorder, Hunting-
ton’s disease, Alzheimer’s disease, Parkinson’s disease and
septic shock.®3

It is well known that liver dysfunction can occur in cas-
es of sepsis. Studies suggest that activation of GSK-3B is
involved in apoptosis and excessive inflammation in acute
liver failure (ALF). Zhang et al.?* investigated the inhibitory
effects of GSK-3B on polymicrobial sepsis in a liver injury
model (induced by cecal ligation and puncture). Inhibition
of GSK-3B in an animal model, by means of SB-216763 ad-
ministration, resulted in reduction of mortality, amelioration
of liver injury and suppression of hepatic apoptosis. On the
molecular level, decreases in leukocyte infiltration, expres-
sion and release of inflammatory cytokines in the liver were
noted. NF-kB transcriptional activity was suppressed, while
CREB transcriptional activity was enhaced.®* The authors
concluded that inhibition of GSK-3B reduces inflammatory
cytokine production through modulation of the NF-kB and
CREB signaling pathways in macrophages simulated by li-
popolysaccharide (LPS).%* As the studies have shown, GSK-
3B was activated during ALF progression, and its inhibition
mitigated inflammation of the liver and ameliorated ALF
in the mouse model. In the study by Ren et al.,°> the co-
injection of D-galactosamine and LPS was used to induce
ALF. Inhibition of GSK-3B by administration of SB-216763
resulted in increased autophagy and decreased liver inflam-
mation. GSK-3p inhibition by SB-216763 protected against
aldosterone-induced renal and cardiac injuries by activat-
ing autophagy.?® However, for cholestatic liver disease in a
mouse model, a study by Zhuang et al.%7 demonstrated that
SB-216763 therapy aggravated liver fibrosis.

ICG-001

ICG-001 is characterized as a selective first-generation CBP
inhibitor, capable of disrupting B-catenin’s interaction with
CBP and thereby reducing the mRNA and protein expres-
sion of survivin significantly; survivin is one of the inhibitors
of cyclin D1 and apoptosis.28 This therapeutic solution was
primarily designed for targeting colon carcinoma cells, in or-
der to induce apoptosis; although, in physiologically normal
(epithelial) colon cells, the effect was not noticed.28 There
are reports on the beneficial and inhibitory effects of ICG-
001 in fibrosis; meanwhile, another report indicated that
mRNA levels of collagen I, Wnt3a, aSMA, LRP6 and Wnt10
stimulated with TGF-B in mouse fibroblasts and human
HSCs were inhibited with this CBP inhibitor.28 Attenuation
of lung fibrosis (as induced by bleomycin) in mice was ob-
served with ICG-001 treatment, as was prevention of fibro-
sis when simultaneously administering bleomycin and ICG-
001, which subsequently reversed the pathogenic effect at
later stages of the disease and positively impacted survival
rate.?® A similar outcome was achieved with renal fibrosis
in mice, through suppressive effects on collagens I and III,
a-SMA, fibronectin plasminogen activator inhibitor-1, Snail
1 and 2 and fibroblast-specific protein-1; this benefit also

occurred with treatment applied in the late stage of fibro-
sis.28 Akcora et al.>> reported an inhibitory effect of ICG-001
on deposition of collagen and HSC activation, contraction
and migration in in vitro models, and also attenuation of
angiogenesis, fibrogenesis and inflammation in in vivo mod-
els. ICG-001 can be an inhibitor of PDGFBR, a-SMA, vimen-
tin and collagen I; these effects were suggested by down-
regulated expression of the corresponding genes in in vitro
models of TGF-B-induced LX2 cells (HSCs).>> Furthermore,
due to HSC migration during fibrogenesis and differentiation
into myofibroblasts (contractile), scientists discovered an
inhibitory effect with exactly 5 pM of ICG-001 in 24 h (then
48 h and maximum inhibition in 72 h).>> The almarBlue cell
viability assay (ThermoFisher, Waltham, MA, USA) was used
to confirm the absence of a relationship between migration
of cells and proliferation differences.>> Confirmatory investi-
gations of the findings from the previous study on LX2 cells
(all parameters included, except vimentin) resulted in the
same outcome on primary human HSCs, and ICG-001 was
shown to inhibit expression of periostin.>> ICG-001-related
downregulation of Axin-2 and B-catenin was also noted in
a mouse liver injury model induced by CCl,.5> The benefi-
cial effects on fibrosis by ICG-001 were enhanced when it
was used as a prototype in the development of PRI-724,%8 a
novel promising and effective therapeutic solution for liver
fibrosis.28

PRI-724

PRI-724 is selective CBP second-generation inhibitor and in-
fluences B-catenin interaction. It acts through HSC inhibition
and disruption of the macrophage-inflammation system,
exerting antifibrotic effects that have been confirmed in mu-
rine models of fibrosis.#° In a murine model of CCl,-induced
liver fibrosis, administration of PRI-724 showed accelerating
effects on the resolution of fibrosis in liver followed by an in-
creasing effect on MMPs in intrahepatic leukocytes. It is sig-
nificant that this inhibitor reduced CCL,-induced liver fibro-
sis in mice without affecting levels of serum ALT and proved
incoherence with reparation of hepatic fibrosis.*® Effects
of C-82, an active PRI-724 metabolite, was demonstrated
through a mRNA-mediated suppression of a-SMA, TIMP-1
and collagen I, as well as down-regulation of proteins such
as Ki67, a-SMA and cyclin D.28 Gene expressions in acti-
vated HSCs were abrogated by PRI-724 and ECM production
was inhibited, which led to antifibrotic effects.2® HCV trans-
genic mice are another model system used to determine
effects of PRI-724 on liver fibrosis, collagen production, and
levels of a-SMA.99 A study using this model showed attenu-
ation of the previous increased collagen.®® Levels of a-SMA,
reflecting HSC activation, were reported to be higher in the
transgenic mice in comparison with controls and the admin-
istration of PRI-724 attenuated this effect.®® Another study
showed decreased levels of TIMP-1 and elevated levels of
MMP-8 as another line of evidence supporting PRI-724’s an-
tifibrotic effect.%®

A NASH mouse model was used to investigate the anti-
fibrotic effects of PRI-724; the administration of PRI-724
inhibited hepatocyte apoptosis and hepatic fibrosis.28 PRI-
724 was also used in clinical trials that included advanced
stages of myeloid malignancies, pancreatic cancer and solid
tumors, and according to the available literature there has
been a phase I clinical trial (single-center, open-label) on
the tolerance and safety of PRI-724 in HCV cirrhosis pa-
tients, in which it showed good tolerability.28 Reduction of
hepatic lobule fibrosis by PRI-724 improved liver histology
(in a dose-dependent manner) as well as Child-Pugh scores
(in some individuals).28 In a pre-clinical study of PRI-724
administration to dogs for 28 days at the dosage of 120 mg/
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kg/day showed that this therapeutic solution did not yield
any adverse effect; in addition, when given to 18 partici-
pants with solid tumors (dose range: 40-1,280 mg/m?2/day,
hyperbilirubinemia (reversed) was recorded as an event not
directly correlated.190 Overall, PRI-724 has been very well
tolerated, and no fatalities have been reported. Taking into
account a small sample of patients (n=14 in total) in one
study, 8 the following side effects were noted: fatigue (n=3)
and nausea (n=4), vomiting (n=2), constipation (n=2), and
reaction at the injection site (n=4).9% Other less common
side effects included pruritus, rash, headache, fever, verti-
go, insomnia, and bleeding; the related biochemical results
showed the most common to be elevations in total bilirubin
and thrombocytopenia.®® Two other serious adverse events
not directly related to the study were reported, namely
bacillemia due to injection site infection and hemorrhage
due to liver biopsy.?8 However, a phase Ia/Ib clinical trial
(NCT01302405) was discontinued due to low patient re-
sponse. Currently, PRI-714 (new drug name: OP-724) is in
a phase I clinical trial (NCT04688034) for patients with liver
cirrhosis caused by human immunodeficiency virus/HCV co-
infection with hemophilia.

Of note, the previous clinical studies investigating PRI-
724 have included a small number of patients. As such,
further and more detailed studies with larger samples are
needed to gain a clearer understanding of its safety and ef-
ficacy. We hope that one of the aforementioned clinical trials
will yield significant results.

PSH

PSH, a methylated derivative of resveratrol, has been previ-
ously evidenced to have antioxidant, anti-inflammatory and
anticarcinogenic effects, and has been observed to act on
reducing HSC activity. The inhibitory effect was achieved
by suppressing the Wnt/B-catenin pathway via miR-17-5p
(acting as an oncogene)%! and also that it could enhance
WIF1 expression. Since activation of HSCs is at the core of
liver fibrosis development, it is rational to develop a thera-
peutic strategy that would block or limit their activation.102
MicroRNAs, as a group of non-coding RNA molecules, can
significantly affect the course of liver fibrosis development,
as they regulate the action of HSCs.102 A study by Yu et
al.103 showed how resveratrol can reduce the progression of
liver fibrosis, while one by Chao et a/.1%4 demonstrated that
the PSH, as a methylated form of resveratrol, is more stable
than other forms. As previously mentioned, the imbalance
between ECM synthesis and its degradation is at the core of
the liver fibrosis process.192 The presence of myofibroblasts
derived from HSCs form the basis for the production of
ECM that contributes to the development of liver fibrosis.102
PSH’s beneficial effects involve reducing cell proliferation,
collagen production and a-SMA expression, and partially in-
hibiting HSC activation.102 The inability of B-catenin translo-
cation into the nucleus and reduction of TCF activity is due
to PSH along with an increased amount of APC, phosphoryl-
ated-B-catenin, GSK-33 and WIF1 (acting as Wnt antago-
nist) that inhibit the Wnt B-catenin-dependent pathway.102
This therapeutic solution needs to be further investigated
in correlation in situations of liver fibrosis development and
treatment; however, the potential adverse effects of res-
veratrol may limit its usage.

At a dose of 100 uM, resveratrol reduces the regulation
of vascular endothelial growth factor and inhibits the for-
mation of major blood vessels in zebrafish; in this model, it
also reduces survival and hatching rate of eggs, and causes
teratogenic deformities and cardiac edema.19> Administra-
tion of resveratrol to rats at doses of 300/1,000/3,000 mg/
kg/day led to hepatic impairment (confirmed by aberrant
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liver gene expression);1% at a dose of 1,000 mg/kg/day,
it increased bilirubin levels.1%7 A dose of 1,000-3,000 mg/
kg/day, administered for 4 weeks, induced renal toxicity.108
Guha et al.1% showed that resveratrol can delay the healing
of gastric ulcers in mice. At very high doses, resveratrol has
been shown to cause severe adverse effects. Lethal out-
come has been reported in rats, due to acute inflamma-
tion of the pelvic region, renal tubular dilatation, papillary
necrosis, severe nephropathy, and cardiac inflammation.t10
In addition, increased levels of liver enzymes as well as of
blood urea nitrogen and creatinine can be a significant prob-
lem.108

It is important to emphasize that resveratrol can act
as a substrate for tyrosinase (an enzyme essential for the
production of melanin) for the production of toxic o-qui-
nones,!11,112 which cause cytotoxicity of melanocytes (thiol
protein production) and may have an adverse effect on the
skin.110 The adverse effect on the skin can be explained
by the fact that resveratrol is very similar to rhododendrol,
which is used for whitening and lightening in cosmetics and
is basically also a tyrosinase inhibitor that can increase the
incidence of leukoderma skin toxicity, so a similar effect of
resveratrol on the skin can be assumed.!!9 Resveratrol is
known to exert pleotropic effects on humans,!13 and so far
adverse effects involving nephrotoxicity and gastrointesti-
nal problems have been reported.!14:115 Although there is
little information on human clinical trials (several are await-
ing publication), it is known that resveratrol can cause an
increase in plasma ALT and decreases in white blood cell
count and plasma IL-6 and TNF.116,117 Resveratrol at a dose
of 1,000 mg/day or higher can cause significant interactions
with other drugs because it activates the cytochrome P450
(CYP) isoform CYP1A2 and inactivates CYP3A4, CYP2C9 and
CYP2D6;104 at the same dose, an increase in markers of
cardiovascular disease has been observed.!18 Administra-
tion of resveratrol in high doses (2,000-5,000 mg/day) may
cause nausea, hypersensitivity, anal pruritus, and episodes
of diarrhea (light and mild),® which is a more important
consideration for sick persons than for healthy ones.118 The
aforementioned has been confirmed by a phase II clinical
trial in humans with refractory multiple myeloma, in who
5,000 mg of resveratrol was administered; one patient had
lethal outcome, probably due to the adverse effects (renal
toxicity, fatigue, nausea, diarrhea).120

The agents discussed above have evidenced potential
therapeutic effects in liver fibrosis, acting through numer-
ous molecular mechanisms and signaling cascades, includ-
ing inflammation and fibrogenesis.

Conclusions

Liver fibrosis is a significant global health problem and eco-
nomic burden, with potential to progress to liver cirrhosis
and cancer. Its worldwide mortality is 1.5 million deaths per
year. Regardless of etiology, the pathophysiology of fibrosis
includes chronic inflammation, hepatocyte death, HSC ac-
tivation, and endothelial or epithelial barrier disruption, all
mediated by various proinflammatory cytokines and other
chemokines, and including several signaling pathways, such
as those of Wnt, notch and Hh. The Wnt signaling pathway
is activated in the process of ongoing liver fibrosis. It acts
through canonical and non-canonical pathways. Several
agents that have shown inhibitory effects on Wnt signaling
are being considered to impart preventive or therapeutic ef-
fects on liver fibrosis. These are DKK1, niclosamide, sFRP5,
SB-216763, ICG-001, PRI-724 and PSH. Their validation
and utility with regards to potential adverse effects has
yet to be proven, but the future remains promising. In this
review, the current lore about the Wnt signaling pathway,
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which notably participates in liver fibrosis development, was
gathered and summarized. Considering the critical points of
the Wnt signaling pathway in liver fibrosis, the findings on
potential therapeutic targets in liver fibrosis and agents that
are being considered for preventive or therapeutic effects in
liver fibrosis were presented.
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