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ABSTRACT

Liver fibrosis (LF) is an unfavorable event in the natural course of chronic liver diseases (CLD), therefore, early
implementation and widespread use of antifibrotic therapy methods is a pressing issue in hepatology. The aim of
the review was to describe current approaches to targeted therapy of LF.

PubMed database, Google Scholar search engine, Cochrane Database of Systematic Reviews, eLIBRARY.RU
scientific electronic library, as well as reference lists of articles were used to search for scientific articles. The
publications that corresponded to the aim of the study were selected for the period from 1998 to 2021 by the terms

ELINT3

“liver fibrosis”, “pathogenesis”, and “treatment”. Inclusion criteria were restricted to targeted therapy of LF.

Despite the growing evidence for reversibility of LF, there are currently no effective or clinically approved regimens
for its specific therapy. However, taking into account the relevance of the issue, scientific research in this area is
necessary. Multiple drugs with a good safety profile have been studied, which, though intended for other purposes,
can have a positive effect on LF. In addition, a number of innovative approaches that differ from pharmacotherapy
inspire optimism about finding a solution to this problem. It is obvious that studies focused on well-characterized
groups of patients with confirmed histologic, elastography, clinical, and radiological parameters are required. This
is a challenging task, since the key point will be stratification of risk based on ethnicity, etiology, and clinical status,
and very large samples will be required for a reliable assessment. Nevertheless, the solution will increase efficiency
of treatment for patients with CLD, improve their prognosis and quality of life, and significantly reduce the need
for liver transplantation, a demand for which remains extremely high worldwide.
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TepayHu SABJISIOTCS aKTyaJIbHOH MpobieMoii renarosoruu. Llens 0630pa — onucaTh COBpeMEHHbIE OAXO0/bI K Tap-
retHo Tepanuu OII.

Jlnst moncka Hay4HBIX CTaTel NPUMEHsUINCH 6a3a nanHbx PubMed, nounckosas cucrema Google Scholar, Kokpa-
HOBCKHE CHCTEMaTH4YecKue 0030pbl, Hay4yHas dnekTpoHHas oubimoreka eLIBRARY .RU, a taxxe npucraTteiiHbie
crucku auTeparypel. CooTBeTCTBYIOMME Lenu 0030pa myOnmkanuu otoupanuck 3a mnepuox ¢ 1998 mo 2021 r.
10 TepMHHAM «(HUOPO3 MEUSHU», KIIATOTeHE3», «IedeHue». Kpurepun BKIIOYEHHST OrpaHHYHBAIINCH TapreTHOU
tepanueid OII.

HecmoTpst Ha pacTymiee dncio nokasatenbcTB obparumoctu @I, B HacTosIee BpeMs MMOKa HE CYIIECTBYeT Ka-
KHX-TTH00 3 ()EKTHBHBIX WIIH OZOOPSHHBIX IS KIMHUIECKOTO MMPUMEHEHHUSI CXEM €T0 CHelu(uIecKkoil Tepanum.
OpnHako, MpUHUMas BO BHUMAaHUE aKTyallbHOCTh BOIPOCA, HAyYHbIE TONCKH B 3TOM HAIMPaBICHAH HEOOXOANMEL.
Bbn m3ydeHsl MHOTOUHCIEHHBIE JIEKAPCTBEHHBIE CPEICTBA C XOPOIINM PO HIeM 0e30ITacCHOCTH, KOTOPBIE XOTs
U TIpeIJIarajnuch IS IPYTHX Ielel, CoCOOHBI OKa3bIBaTh mo3utuBHOE BiamsHue Ha PII. Kpome Toro, psn oT-
JUYHBIX OT (hapMaKoTepanmuy HOBATOPCKHUX ITOIXOO0B BCEIAIOT ONTUMU3M OTHOCHTENIHHO YCIIEITHOCTH PEIICHUS
JaHHOI mpo6aeMsl. OUeBHIHO, YTO HEOOXOAMMBI HCCIEOBAHUS, COCPEIOTOUCHHBIE Ha XOPOIIO OXapaKTepH30-
BAHHBIX TPYIIAX MAIMEHTOB C MOATBEP)KACHHBIMH THCTOIOTHYECKUMH, 3TACTOTPAQUISCKIMH, KIMHUIECKIMU
U PaJHOJIOTNYECKUMH MOKa3aTeNsIMUA. DTO JOCTATOYHO CIOXKHAS 3a/ada, TOCKOJIBKY KJIFOUEBBIM MOMEHTOM Oy-
JIeT CTpaTH(UKAIIS PUCKA HA OCHOBE 3THUIECKOH NMPUHAICKHOCTH, STHOJIIOTHH W KIMHUIECKOTO CTaTyca U A
JIOCTOBEPHOH OIEHKH MOTPeOyIOTCS O4YeHb OONBIINE pa3Mepsl BHIOOPOK. TeM He MeHee ee pelieHHe MO3BOIUT
MOBBICUTH 3((QEKTHBHOCTD JIedeHns marueHToB ¢ X3I1, ymydmmT nporHo3 1 KauecTBO UX JKH3HH, a TAKXKE CyIIe-
CTBEHHO YMEHBIIUT HEOOXOANMOCTh B TPAHCIIIAHTAIMH MIEUYSHHU, TOTPEOHOCTH B KOTOPOIl BO BCEM MUPE OCTaeTCs
Ype3BbIYAITHO BBICOKOM.

KuioueBsle cioBa: 0630p, Gpudpo3 nedeHu, maToreHes, JedeHe

KonpaukTt nHTepecoB. ABTOp JCKIApUPYET OTCYTCTBUE SBHBIX U MOTSHIIMAIBHBIX KOH(QIUKTOB HHTEPECOB, CBSI-
3aHHBIX C ITyONUKaIel HacTOSIEH CTaThu.

HUcTounuk Q)nﬂancnponam/m. ABTOp 3asBJISIET 00 OTCYTCTBHUU q)HHaHCI/IpOBaHI/ISI 1Ipy MPOBEACHUMN UCCIIEN0BA-
HUs.

Js murupoBanus: [apOysenko J[.B. CoBpeMeHHBIC cTpaTeruy TapreTHo# Tepanuu Gudposa neyeHu. brone-

menb cubupcrou meouyunwt. 2022;21(3):154-165. https://doi.org/10.20538/1682-0363-2022-3-154-165.

INTRODUCTION

Chronic liver diseases (CLD) cause more than two
million deaths worldwide annually, which, taking
into account the heavy burden of CLD-related
disability and seeking medical care, makes the prob-
lem extremely urgent. The most common causes of
CLD are HBV and HCV, alcohol abuse, and meta-
bolic disorders. The key step in their natural course is
liver fibrosis (LF), which is considered as an abnormal
wound-healing response to chronic liver injury. Dif-
fuse excessive deposition and abnormal distribution
of the extracellular matrix (ECM) further leads to the
development of liver cirrhosis (LC). The severity of
clinical manifestations of LC is primarily associat-
ed with liver failure and portal hypertension, as well
as the occurrence of complications characteristic of
them, accompanied by high mortality [1].

The growing evidence of the reversibility of LF,
the identification of the main causes and mediators of
its progression, as well as advances in non-invasive

assessment of this pathological process contributed to
treatment development. In general, there is no effec-
tive or clinically approved specific therapy of LF yet.
Nevertheless, taking into account the relevance of the
problem, there is a need for scientific research devoted
to it. Of course, these studies should comply with the
recommendations adopted in 2014 with the support of
the American Association for the Study of Liver Dis-
cases (AASLD) at the conference focused on clinical
trials on antifibrotic therapy for CLD aimed at iden-
tifying potential unpredictable consequences and / or
adverse outcomes associated with antifibrotic therapy
in CLD patients [2].

Given that, numerous drugs with a good safety
profile were studied, which were offered for other pur-
poses, but had a positive effect on LF. In addition, a
number of innovative approaches other than pharma-
cotherapy are promising when it comes to resolving
the issue discussed.

Currently, it has been established that treatment
of diseases, the natural course of which is accompa-
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nied by LF, is an effective way not only to prevent LF,
but also to reverse histologic diseases and restore the
structure and function of the liver [3]. In addition, the
following strategies of targeted therapy for LF can be
distinguished:

— to affect hepatic fibrogenesis and decrease ECM
synthesis:

—reduction of inflammatory and immune response;

to affect ligand binding to the receptor and intracel-
lular signaling;

— induction of apoptosis, deactivation and immune
clearance of activated hepatic stellate cells (HSCs);

— direct inhibition of collagen synthesis;

2) stimulation of liver regeneration and initiation
of LF regression:

— activation of ECM degradation;

— mesenchymal stem cell (MSC) transplan-
tation [4].

STRATEGIES TO AFFECT HEPATIC
FIBROGENESIS AND DECREASE
EXTRACELLULAR MATRIX SYNTHESIS

Reduction of inflammatory and immune response

The inflammatory response promotes the transi-
tion of HSCs from a quiescent to an activated and
proliferative state, which causes ECM deposition
and at the same time disrupts the immune function
of the liver, which aggravates damage to hepatocytes.
Therefore, suppression of the inflammatory and im-
mune response is an important approach in the treat-
ment of LF.

Transforming growth factor (TGF)-B is the main
profibrogenic cytokine, with the participation of
which quiescent HSCs transdifferentiate into myofi-
broblasts, directly involved in the ECM formation.
Therefore, it seems obvious that the suppression of its
overexpression and activity may be a promising goal
of antifibrotic therapy [5]. For example, J. George et
al. [6] reported that the antagonist of the TGF-f recep-
tor (“soluble receptor’), which consists of the extra-
cellular domain of the TGF-f receptor type II (TBRII)
fused with chimeric IgG, is an effective inhibitor of
experimental hepatic fibrogenesis in rats.

It was shown that the serine protease inhibitor ca-
mostat mesilate inhibited the production of TGF-
and blocked the HSC activation in vitro. In the in vivo
model, camostat mesilate (1-2 mg / g of diet) mark-
edly attenuated an increase in hepatic plasmin and
TGF-B levels, HSC activation, and LF without appar-
ent systemic or local side effects [7].

The chemopreventive drug against carcinogenesis
oltipraz in an animal experiment inactivated HSCs
and suppressed the expression of TGF-B1 [8]. In a
randomized, double-blind, placebo-controlled phase
I trial involving 83 patients with LF / LC who re-
ceived oltipraz 60 mg BID, the area of collagen depo-
sition in the liver and plasma TGF-B1 levels tended to
decrease by week 24 [9].

Tenofovir is one of the first-line therapies in de-
compensated HBV-associated LC, as it demonstrat-
ed efficacy in preventing progression and reversing
CCl4-induced LF in mice through assembling TGF-§1
/ SMAD3 and NF-kB / NLRP3 inflammasome signa-
ling pathways through upregulating the expression of
NS5ATP9. Tenofovir also regulates the differentia-
tion, activation, and proliferation of HSCs [10].

Numerous animal studies have demonstrated
that the activation of platelets, which are a source of
profibrogenic cytokines and growth factors, such as
TGF-B1, platelet-derived growth factor (PDGF), and
epidermal growth factor (EGF), contributes to the
development and progression of LF [11]. At the same
time, antiplatelet agents demonstrate opposite ef-
fects, which was confirmed in a systematic review and
meta-analysis of four studies with a total population of
3,141 patients [12].

A soluble B-galactoside-binding protein galectin-3
performs numerous autocrine and paracrine functions.
It activates neutrophils, labrocytes, and T lympho-
cytes, regulates cell adhesion, and induces apoptosis
and angiogenesis. Depending on the cell type and the
balance between extracellular and intracellular con-
tent, galectin-3 can both inhibit and induce cell growth
and differentiation. Galectin-3 is crucial for protecting
the body from pathogens. It enhances proinflamma-
tory signals, and its monocyte / macrophage chemo-
taxis contributes to neutrophil adhesion, the release
of proinflammatory factors, namely leukocytes and
labrocytes. In addition, galectin-3 induces phagocy-
tosis. In preclinical studies on rats, it was noted that
GR-MD-02, a galectin-3 inhibitor, reduces collagen
deposition and leads to regression of LF and reversal
of LC [13]. The first randomized phase I clinical trial,
which involved patients with non-alcoholic steatohep-
atitis (NASH) confirmed by the histologic examina-
tion, and extensive LF, demonstrated its safety and
good tolerability [14].

Emricasan (IDN-6556), an orally active, irrever-
sible pan caspase inhibitor, was found to reduce he-
patocyte apoptosis, inflammation, and LF in CCl4-
induced cirrhosis model in rats. It also decreased high
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caspase activity and serum alanine aminotransferase
(ALT) levels in patients with chronic hepatitis C and
non-alcoholic fatty liver disease (NAFLD). Its effect
on liver function was studied in a multicenter rando-
mized controlled trial (RCT) including 86 patients
with LC (Child—Pugh class A or B, mean score of 6.9;
38% with alcohol-associated LC, 29% with HCV-
associated LC, and 23% with NASH; and the Model
for End-stage Liver Disease (MELD) score of 11-18
(mean score of 12.8)).

Patients were randomly divided into groups receiv-
ing placebo (n = 42) or emricasan (25 mg, n = 44)
BID for 3 months. Then the subjects received em-
ricasan (25 mg) BID for 3 months in the open-label
second stage. At the 3-month timepoint, emricasan
significantly reduced the mean MELD (p = 0.003) and
Child-Pugh (p = 0.003) scores in subjects with high
MELD scores (15 or more), compared with placebo,
with significant reductions in international norma-
lized ratio (INR) (95% confidence interval (CI)
from —0.2882 to —0.0866) and total bilirubin (95% ClI,
from—1.5069 to—0.0823) as opposed to placebo. There
were no significant differences between emricasan
and placebo groups in the mean MELD (p = 0.466) or
Child—Pugh (p = 0.124) scores at 3 months compared
with placebo. Serum levels of full-length cytokera-
tin (CK)-18 (p = 0.02) and caspase (p < 0.001), but
not caspase-cleaved CK-18 (p = 0.092), decreased
significantly at 3 months in the emricasan group as
opposed to the placebo group. Emricasan was well
tolerated, and adverse events were balanced between
the groups [15].

Other results were obtained in a double-blind,
randomized, placebo-controlled trial in which taking
emricasan (5 mg / day for an average of 43 weeks or
25 mg/ day for an average of 42 weeks) did not reduce
the number of cases of decompensation or did not im-
prove liver function in patients with NASH-related
decompensated LC (n=217) [16].

In vitro and in vivo models showed a positive ef-
fect on liver function and LF of the Chinese herbal
medicine, Gan Shen Fu Fang (GSFF) consisting of
salvianolic acid B and diammonium glycyrrhizinate.
GSFF alleviated inflammatory cell infiltration and re-
duced synthesis of proinflammatory cytokines (tumor
necrosis factor o (TNFa) and interleukin (IL)-1f) and
NF-kB, as well as ERK phosphorylation in rats with
common bile duct ligation after 3 weeks of treatment.
In vitro, GSFF inhibited viability of HSC-T6 cells and
expression of alpha-smooth muscle actin (a-SMA) in
them and decreased synthesis of collagen I [17].

By attenuating the effects of reactive oxygen species
(ROS) and preventing damage to hepatocytes, antioxi-
dants can be potential antifibrotic agents provided they
are directly delivered to the pathological focus [18].

In particular, S-adenosyl-L-methionine has shown
the ability to reduce ROS and inhibit the HSC activation
both in rats with the LF model [19] and in clinical trials.
In a long-term, multicenter, double-blind, randomized,
placebo-controlled clinical trial in patients with alco-
holic LC, it improved survival and delayed the need for
liver transplantation [20]. The suppression of ROS and
NADPH oxidase 4, which are induced by TGF-B1, is a
possible therapeutic target of polyene phosphatidylcho-
line to attenuate HSC activation. However, its effec-
tiveness in patients with alcohol-related liver disease
when taken for two years was insignificant [21].

Although vitamin E is a prototype of an antioxi-
dant and can induce a strong anti-NASH effect, in a
large RCT by A.J. Sanyal et al. [22], it did not have
a positive effect on the severity of LF. Naringenin
is a flavonoid with antioxidant, antifibrogenic, anti-
inflammatory and anticancer properties that is capa-
ble of preventing liver damage caused by different
agents. The main protective effects of naringenin in
liver diseases are inhibition of oxidative stress and
TGF-B pathway and prevention of HSC transdifferen-
tiation, leading to decreased collagen synthesis. Oth-
er effects include inhibition of the mitogen activated
protein kinase (MAPK), toll-like receptor (TLR), and
non-canonical TGF-f pathways, which further results
in drastic reduction of ECM synthesis and deposi-
tion. In addition, naringenin demonstrated a beneficial
effect on NAFLD by regulating lipid metabolism
and modulating synthesis and oxidation of lipids and
cholesterol. It is safe, but has low bioavailability and
high intestinal metabolism [23].

The use of anti-inflammatory drugs, in particular,
corticosteroids, as a part of antifibrotic therapy is jus-
tified [24]. However, the suppression of hepatic fibro-
genesis caused by them is incomplete, which does not
prevent the development of LF [25]. Another patho-
genetic strategy is neutralization of proinflammatory
cytokines, for example, TNFa, by exposure to com-
pounds directed against it, such as infliximab, etaner-
cept, and pentoxifylline [26].

Effect on ligand binding to the receptor
and intracellular signaling

Identification of the membrane and nuclear recep-
tors expressed by HSCs revealed new targets for anti-
fibrotic therapy, which include the renin — angiotensin
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system, neurotransmitters, endothelin-1 and their re-
ceptors, receptor tyrosine kinases, etc., as well as in-
tracellular signaling involving nuclear receptors, such
as PPARs, FXR, PXR, LXR, etc. [27].

It is known that angiotensin II is the key mediator
of hepatic fibrosis. Its synthesis by HSCs increases as
a result of overexpression of angiotensin-converting
enzyme [28]. Oral administration of the angiotensin
II inhibitor losartan (50 mg / day) for 18 months in
patients with chronic hepatitis C was associated with
a significant decrease in the expression of NADPH
oxidase, several profibrogenic type I collagen genes,
matrix metalloproteinase (MMP)-2, and urokinase
[29]. In a retrospective study, K.E. Corey et al. [30]
also found a beneficial role of angiotensin II blockade
in hepatitis C virus-related fibrosis [30].

Resolution of NASH as a result of blockade of im-
portant inflammation and LF triggers and chemokine
receptors CCR2 / CCRS by their antagonist cenicrivi-
roc was described [31].

In recent years, a number of multitargeted inhi-
bitors of the aberrant activity of receptor and non-
receptor tyrosine kinase, including sorafenib, er-
lotinib, imatinib, sunitinib, nilotinib, brivanib, and
vatalanib, were investigated as potential drugs for
the treatment of LF. Among them, sorafenib is the
most studied one, which is the first systemic drug
that has demonstrated a positive effect on survival
in advanced hepatocellular carcinoma [32]. In an-
imals with different models of LC, it also affected
some pathogenetic pathways of liver fibrogenesis
and angiogenesis by blocking the receptor tyrosine
kinases located on the surface of HSCs, the expres-
sion of which, especially VEGFR and PDGFR, was
increased. As studies revealed, the positive effects of
sorafenib were due to:

— the suppression of activated HSC proliferation
and the activation of apoptosis;

— the inhibition of cyclin D1 and cyclin-dependent
kinase 4 (Cdk-4) with a simultaneous increase in the
expression of Fas, Fas-L, and Caspase-3, and a de-
crease in the Bax / Bcl-2 ratio;

— an increase in the MMPs / tissue inhibitor of
matrix metalloproteinases (TIMPs) ratio, and also a
decrease in the synthesis of collagen by HSCs;

— the inhibition of phosphorylation of ERK, Akt,
and ribosomal protein kinase S6 with a molecular
mass of 70 kDa (p70S6K);

— the disturbance of the molecular triad function-
ing: Kruppel-like factor 6 — angiopoietin 1 — fibronec-
tin [33].

The number of PPARY located in the HSCs de-
creases during their activation and progression of LF,
whereas stimulation of PPARY overexpression leads
to reduction of collagen production and an increase
in metalloproteinase activity of HSCs. Synthetic li-
gands of PPARy thiazolidinediones, including pi-
oglitazone and rosiglitazone, well studied in patients
with NASH, showed a positive effect on steatosis,
necroinflammation, hepatocyte ballooning, and LF,
although in the long term it may be offset by side
effects [34].

Animal experiments showed that the transrepres-
sive activity of PPARa in hepatocytes in NASH pre-
vents the progression of steatosis and LF due to the ef-
fect on lipid metabolism-related genes [35]. Although
the use of fenofibrate, a PPARo agonist, in patients
with NAFLD at a dose of 200 mg / day for 48 weeks
is safe and improves metabolic syndrome, serum
glucose levels, and liver tests, its effects on liver his-
tology are minimal [36].

Preliminary data on PPARa/y agonists (glitazars)
revealed their positive effect on the lipid profile,
blood pressure, atherosclerosis, and inflammation.
Overexpression of PPARPB/S prevented obesity and
reduced lipid stores in cardiac cells, and stimulation
of PPARw/S with elafibranor caused the resolution of
NASH without LF aggravation [37]. The pan-PPAR
agonist (a/y/0) lanifibranor in preclinical models of
decompensated LC contributed to a decrease in the
severity of LF and portal hypertension [38].

An interim analysis within a multicenter, random-
ized, placebo-controlled phase III (REGENERATE)
trial showed clinically significant histologic improve-
ment in patients with NASH following inhibition of the
HSC activation by the FXR nuclear receptor agonist
obeticholic acid [39]. Another FXR agonist tropifexor
in the experiment on mice contributed to the regres-
sion of the formed LF and reduced the NAFLD fibro-
sis score (NAS) parameters, the level of triglycerides
in the liver, and the expression of profibrogenic genes
[40]. Currently, clinical trials are being conducted to
assess the safety, tolerability, and efficacy of various
doses of this drug in patients with NASH [41].

A powerful FXR agonist EDP-305 in mice with LF
models showed significant histologic improvement; in
particular, it reduced the deposition of collagen in the
liver [42]. In rats with the NASH model, the combined
use of the FXR agonist 1INT747 and the angiotensin
II inhibitor losartan suppressed hepatic fibrogenesis,
reversing intestinal barrier dysfunction and inhibiting
the proliferation of activated HSCs [43].
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The role of LXR nuclear receptor, which is the key
regulator of lipogenesis and modulator of the immune
system, in hepatic fibrogenesis is still being investi-
gated. S.W. Beaven et al. [44] in in vitro and in vivo
experiments demonstrated that LXR ligands suppress
HSC activation and the expression of fibrogenic genes.
In addition, Lxraf} (-/-) mice showed hypersecretion
of inflammatory mediators and increased susceptibil-
ity to LF. Nevertheless, to date, researchers express
doubts regarding the expediency of using LXR ago-
nists as potential antifibrotic agents due to hepatotox-
icity and induction of de novo lipogenesis [45].

Induction of apoptosis, deactivation,
and immune clearance of activated HSCs

Apoptosis of activated HSCs and their deactiva-
tion or direct reduction of their number by immune
clearance are currently considered as an important ap-
proach in the treatment of LF. It has been established
that drug-induced apoptosis of activated HSCs can be
achieved as a result of NF-kB inhibition using frax-
etin (7,8-dihydroxy-6-methoxycoumarin) [46] and
4-hydroxy-2(3H)-benzoxazolone [47]; modulation of
alternative splicing of Bcl-x by antisense oligonucle-
otides [48] and selective STAT1-dependent induction
by the synthetic antiviral drug rilpivirine, which can
also cause STAT3-dependent proliferation of hepato-
cytes and liver regeneration [49].

In vivo and in vitro models showed that selonsert-
ib, a selective ASK1 kinase inhibitor with low molec-
ular weight, suppressed HSC activation and reduced
collagen production, induction of inflammatory cyto-
kine pathways, and oxidative stress [50]. At the same
time, subsequent phase II and III clinical trials did not
reveal convincing data regarding its positive effect on
LF in patients with NASH [51, 52].

As an important part of innate immunity, invariant
natural killer T (iNKT) cells can kill activated HSCs.
However, highly activated peripheral iNKT cells
also cause MIHAcell line proliferation and HSC line
(LX-2) activation through the expression of IL-4 or
IL-13, which contributes to the progression of LF
[53]. Thus, understanding the iNKT balance in the
regulation of HSCs in patients with CLD can help in
the development of new antifibrotic drugs.

Curcumin, the major natural polyphenol isolated
from the rhizome of Curcuma longa, is a well-known
hepatoprotector. In an experiment on rats, it decreased
CCL4-induced liver damage, oxidative stress, fibro-
sis, and restored the activity of MMP-9 and MMP-2.
Besides, curcumin restored the levels of NF-kB,

IL-1, IL-10, TGF-B, connective tissue growth factor
(CTGF), type I collagen, MMP-13, and Smad7. It
also reduced JNK and Smad3 phosphorylation and the
levels of protein and a-SMA and SMAD3. Curcumin
normalized GSH and NF-kB, as well as INK-Smad3
and TGF-B-Smad3 pathways, leading to reduction of
the number of activated HSCs and contributing to the
antifibrotic effect [54].

In a randomized, double-blind, placebo-controlled
trial, 70 patients with LC were randomly divided into
two groups: group 1 received 1,000mg / day cur-
cumin (n =35), group 2 received placebo (n =35) for
3months. At the final stage, the patients receiving
curcumin (n = 29) showed a decrease in the MELD
(1) (from 15.55 + 3.78 to 12.41 + 3.07; p < 0.001),
MELD (from 15.31 £3.07 to 12.03 £2.79; p <0.001),
MELD-Na score (from 15.97 +4.02 to 13.55 + 3.51;
p=0.001), and Child — Pugh score (from 7.17 + 1.54
to 6.72 £ 1.31; p = 0.051). At the same time, in the
placebo group (n = 31), these parameters increased
significantly (p < 0.001 in all cases) [55].

Direct inhibition of collagen synthesis

Another promising strategy for the treatment of
LF is to directly affect collagen synthesis. For exam-
ple, in a multicenter, open-label PROMETEO study
involving 281 patients with CLD of various etiology
and advanced LF, the safety and efficacy of 12-month
use of pirfenidone, an immunosuppressant (600 mg
orally, every 12 h), in combination with standard
treatment was studied. The results showed that 35%
of the patients who received it had a significant de-
crease in the severity of LF. The Child — Pugh score
improved in 29.7% of cases. Serum ALT and aspar-
tate aminotransferase (AST) decreased by 40.6%
and 43.3%, respectively. In addition, the patients re-
ceiving the immunosuppressant showed lower serum
levels of TGF-B1 than those treated only according to
the standard scheme [56].

Colchicine is a plant alkaloid that inhibits polym-
erization of microtubules and, thereby, prevents col-
lagen secretion. In the RCT involving 38 patients, the
effect of colchicine on LF of various etiologies was
studied. Patients included in group A (n = 21) were
prescribed the drug at a dose of 1 mg per day. Those
who did not receive it made up group B (n = 17).
After 12 months, the average serum albumin levels in-
creased only in group A (p <0.05). After 12 months of
the treatment in group A, the average serum values of
PIINP, a biomarker of LF, did not change significantly
and decreased in 7 patients after 24 months (p < 0.05).
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No significant histologic changes on the Knodell
score were found in both groups after 12 months of
follow-up [57].

The efficacy and safety of colchicine was evaluated
in the Cochrane meta-analysis combining the results
of 14 RCTs and including a total of 1,150 patients
with LF of alcoholic, viral, and unidentified etiology.
There was no significant effect of colchicine on the
all-cause mortality (odds ratio (OR) 0.90, 95% confi-
dence interval (CI): 0.63—1.29), liver-related mortali-
ty (OR 1.05, 95% CI: 0.61-1.80), complications (OR
1.01, 95% CI: 0.63—1.62), and hepatic biochemical
and histologic parameters (OR 1.02, 95% CI: 0.58-
1.79). In addition, its administration was accompanied
by an increased risk of adverse events (OR 4.92, 95%
CI: 2.66-9.10; p < 0.001) [58].

STIMULATION OF LIVER REGENERATION
AND INITIATION OF LIVER FIBROSIS
REGRESSION

Activation of extracellular matrix degradation

Given that MMPs and TIMPs are crucial for the
development of LF, and the balance between them is
important for the homeostasis of ECM components,
it is expected that they will become new therapeutic
targets in the treatment of CLD [59]. An increase in
the activity of enzymes that destroy ECM, as well as
their introduction by gene therapy, can enhance the
degradation of ECM. For example, in experiments on
rats with different LC models, the attenuation of LF
was associated with increased regulation of MMP-1
and MMP-8 caused by transfection of their genes [60].

An experimental study by O. Ohayon et al. [61]
demonstrated that treating fibrotic rat livers with halo-
fuginone, a multipotent antifibrogenic drug, and sub-
sequently subjecting them to hydrodynamics-based
transfection with human VEGF-165 resulted in ele-
vated expression of heparan sulfate-degrading hepara-
nase. Moreover, these rats demonstrated an improved
capacity to regenerate following partial 70 % hepa-
tectomy. In vitro, halofuginone stimulated hepara-
nase and vascular endothelial growth factor (VEGF)
expression in HSCs.

An experiment on mice showed the ability of pola-
prezinc to attenuate LF at the late stages of NASH by
inhibiting the expression of TIMPs [62]. Lysyl oxidase
like-2 (LOXL2) mediates type I collagen crosslink-
ing and ECM stabilization during hepatic fibrogene-
sis, and also independently promotes differentiation
of fibrogenic hepatic progenitor cells. /n vitro and in

vivo models demonstrated that the blockade of these
two convergent profibrotic pathways by therapeutic
inhibition of LOXL2 with the monoclonal antibody
ABO0023 attenuates LF and leads to its regression [63].

An open-label, pilot phase II clinical trial studied
the safety and tolerability of simtuzumab, a monoclo-
nal antibody directed against LOXL2, in subjects with
advanced CLD, caused by HCV, human immunodefi-
ciency virus (HIV), or HCV — HIV coinfection. The
drug was administered at a dose of 700 mg intrave-
nously every 2 weeks for 22 weeks. The treatment was
well tolerated, but there were no significant changes in
the severity of morphological signs of LF, as well as
values of the hepatic venous pressure gradient [64].

It was established that an immunosuppressant
pirfenidone can successfully reduce the expression
of HSP47 protein and, by regulating the activity of
the TGF-B signaling pathway, inhibit HSC prolifera-
tion, reduce the abnormal accumulation of type I and
type III collagen, as well as suppress the expression
of type II collagen, TIMP-1, and MMP-2. lIts effica-
cy was studied in 28 patients with chronic HCV who
received pirfenidone (1,200 mg / day) for 24 months.
Six patients dropped out after 12 months of the ther-
apy. At the end of the treatment, necroinflammation
grades were reduced by an average of 3.2 points in
82% of patients (p < 0.05) and Ishak fibrosis score de-
creased by an average of 2 points in 67% of patients (p
< 0.05). Liver steatosis decreased in 61% of patients.
Serum IL-6 and TGF-B1 levels decreased significantly
in 93% and 67% of patients (p < 0.05), respective-
ly, while TNF-a decreased in 47% of patients. Serum
ALT and AST levels tended to normalize in 81% of
patients. The levels of mRNA of antifibrogenic canna-
binoid receptors CB2 in the liver increased in 86% of
cases, and the expression of receptors CB1 decreased
in 29% of patients. Improvements in the quality of
life and the Child — Pugh score were reported in all
patients [65]. Despite the promising results, there are
still concerns about the potential side effects and ad-
verse events associated with pirfenidone [66].

Mesenchymal stem cell transplantation

Mesenchymal stem cell (MSC) transplantation
is an important and promising approach in the treat-
ment of LF. These multipotent fibroblast-like cells are
characterized by the expression of CD73, CD90, and
CD105 surface antigens, the absence of expression
of CD45, CD34, CD14, Cdl11b, CD19, CD79a, and
HLA-DR, adhesion to plastic, and the ability to diffe-
rentiate into osteoclasts, chondrocytes, adipocytes,
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and hepatocytes. The largest source of MSCs is
bone marrow. In addition, they can be obtained from
adipose tissue, umbilical cord tissue, amniotic fluid,
breast milk, synovial membrane, placental cells, tooth
pulp, lungs, and liver (in both adults and fetus).

In addition to the immunomodulatory effect
on T cells, B cells, and macrophages, MSCs have
antifibrotic effects both through immunomodulation
and by direct inhibition of the proliferation of activat-
ed HSCs, increasing the activity of MMPs and sup-
pressing the synthesis of ECM [67]. They also con-
tribute to an increase in proliferation and reduction of
hepatocyte apoptosis and elevated expression of cer-
tain anti-inflammatory and antifibrotic cytokines with
potential hepatotropic properties, including hepatocyte
growth factor (HGF), VEGF, basic fibroblast growth
factor (bFGF), placental growth factor (PIGF), mono-
cyte chemoattractant protein (MCP)-1, stem cell fac-
tor (SCF)-1, chemokine SDF-1, CD135 or FMS-like
tyrosine kinase 3 (FLT-3), granulocyte-macrophage
colony-stimulating factor (GM-CSF), and numerous
ILs [68]. In addition, the MSCs-stimulated prolife-
ration of hepatocytes from an increased population of
hepatic progenitor cells leads not only to a decrease in
the severity of LF, but also to liver regeneration [69].

MSCs are chosen for transplantation due to their
availability and low immunogenicity. In addition,
researchers using MSCs face fewer ethical problems
due to their non-somatic origin, and the procedure
is considered safe and was highly evaluated in clin-
ical settings for various diseases, showing promising
results [70]. The therapeutic efficacy of MSCs is af-
fected by many factors, namely the cultivation meth-
od, strategy, and delivery routes. 3D cell culture is
considered the most suitable and physiologically simi-
lar microenvironment for cell growth. There are many
methods of 3D cell culture for the formation of MSC
spheroids, such as hanging drop, magnetic cell levi-
tation, chitosan membranes, microgravity bioreactor,
and spinner flask [71].

In CLD, both direct (portal vein, hepatic artery)
and indirect delivery routes of MSCs can be used, for
example, intrasplenic, intraperitoneal, through peri-
pheral veins, as well as through an extracorporeal liver
support system. It is obvious that direct delivery pro-
vides a higher retention rate [72]. However, in patients
with decompensated LC, it may be associated with
an increased risk of bleeding associated with portal
hypertension [73].

Preliminary experimental data are promising
regarding the prospects of this method in the treatment

of LF, while the results of clinical trials still require
further evaluation [67]. For example, in a prospective
study involving 90 patients with decompensated LC,
bone marrow MSCs were transplanted simultaneously
into the portal and peripheral veins (ratio 1 : 1) after
2 weeks, which led to a statistically significant im-
provement in serum levels of albumin, bilirubin, and
INR. This effect persisted for 6 months in the patients
who underwent one procedure and for 12 months in
those who underwent a second procedure four months
after the first one. By the end of the study, 36.7% and
66.7% of patients, respectively, had a decrease in as-
cites. In addition, there was an improvement in the he-
patic functional reserve according to the Child — Pugh
and MELD scores. The safety of the procedure was
indicated by a low complication rate [74].

In a multicenter, randomized, open-label, phase II
trial involving 72 patients with biopsy-confirmed al-
coholic LC, single or double injections of 5 x 107 bone
marrow MSCs into the hepatic artery after 6 months
were associated with a 25% and 37% decrease in the
proportion of collagen (p < 0.001), respectively, and
an improvement in liver function parameters accor-
ding to the Child — Pugh scores (p < 0.05) [75].

A RCT including 40 patients with HCV-induced
decompensated LC showed that normalization of
serum enzymes and improvement of liver protein syn-
thesis were observed in 54 % of cases after infusion of
bone marrow MSCs through peripheral veins. Three
months after the transplantation, the values of serum
PIIICP and PIIINP LF biomarkers decreased from
9.4+4.2108.1+2.6and from 440 + 189 to 388 + 102,
respectively (p = 0.7) [76].

On the contrary, in a RCT involving 27 patients
with decompensated LC, absolute changes in the
Child — Pugh and MELD scores, serum levels of
albumin, aminotransferases, and INR in patients who
underwent infusion of bone marrow MSCs through
peripheral veins and received placebo after 12 months
of follow-up did not differ significantly [77].

CONCLUSION

Despite the relevance of the problem, it should be
noted that before considering antifibrotic therapy as
a gold standard of treatment for diseases which are
accompanied by LF, studies should be conducted with
a focus on well-characterized groups of patients with
confirmed histologic, elastography, clinical, and radio-
logical data. The above-mentioned is quite a difficult
task, since the key point will be stratification of risk
based on ethnicity, etiology, and clinical status, and

Bulletin of Siberian Medicine. 2022; 21 (3): 154-165 161



Garbuzenko D.V.

Current strategies for targeted therapy of liver fibrosis

very large sample sizes will be required for a reliable
evaluation. Nevertheless, the solution to the problem
will increase the effectiveness of treatment in patients
with CLD, improve their prognosis and quality of life,
and significantly reduce the need for liver transplanta-
tion, which remains extremely high worldwide.
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