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In the past, liver cirrhosis was considered an irreversible phenomenon. However,
many experimental data have provided evidence of the reversibility of liver fibro-
sis. Moreover, multiple clinical studies have also shown regression of fibrosis and
reversal of cirrhosis on repeated biopsy samples. As various etiologies are asso-
ciated with liver fibrosis via integrated signaling pathways, a comprehensive un-
derstanding of the pathobiology of hepatic fibrogenesis is critical for improving
clinical outcomes. Hepatic stellate cells play a central role in hepatic fibrogenesis
upon their activation from a quiescent state. Collagen and other extracellular
material components from activated hepatic stellate cells are deposited on, and
damage, the liver parenchyma and vascular structures. Hence, inactivation of
hepatic stellate cells can lead to enhancement of fibrolytic activity and could be a
potential target of antifibrotic therapy. In this regard, continued efforts have been
made to develop better treatments for underlying liver diseases and antifibrotic
agents in multiple clinical and therapeutic trials; the best results may be expected
with the integration of such evidence. In this article, we present the underlying
mechanisms of fibrosis, current experimental and clinical evidence of the revers-
ibility of liver fibrosis/cirrhosis, and new agents with therapeutic potential for
liver fibrosis.
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INTRODUCTION

lying hepatic fibrosis, which may be used as potential
treatment targets for the inhibition or reversal of fibro-

Many liver diseases occur as a response to injury over
an extended period of time before culminating in liver
cirrhosis. Although the etiologies of liver diseases may
vary, fibrosis and cirrhosis develop through common
signaling pathways. Cascades of reactions stimulate qui-
escent hepatic stellate cells (HSCs) into their activated
forms, leading to the accumulation of collagen and oth-
er extracellular matrix (ECM) components. Sustained
stimulation and accumulation of these materials lead to
the destruction of liver structures and hepatic innerva-
tion, and decreased liver function [1]. We have recently
increased our understanding of the mechanisms under-
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sis. In this review, we will discuss some new aspects of
the pathophysiology of fibrosis, the clinical evidence of
reversibility according to etiology, and future therapeu-
tics for fibrosis.

PATHOBIOLOGY OF HEPATIC FIBROSIS

Activation of HSCs: a key driving factor

Liver fibrogenesis is initiated by HSC activation, which
is the primary effector cell orchestrating the deposition
of ECM in the liver structure (Fig. 1). HSCs are located
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in the perisinusoidal space between the sinusoids and
hepatocytes, known as the space of Disse [2]. HSCs acti-
vate the immune response through the secretion of cy-
tokines and chemokines and through interactions with
immune cells [3]. Activation of HSCs can be provoked by
a range of chronic liver inflammatory factors, reactive
oxygen species (ROS), and cytokines. Activated HSCs
are transformed into myofibroblasts, which have profi-
brogenic properties; they secrete transforming growth
factor p (TGF-B), a-smooth muscle actin, and type I col-
lagen [4].

Hepatic inflammation

Chronic inflammation is the main cause of hepatic fi-
brogenesis and it was found to be present in the ma-
jority of chronic liver diseases such as viral hepatitis,
toxic liver injury, alcoholic hepatitis, non-alcoholic
steatohepatitis (NASH), and autoimmune liver diseases
[5]- Hepatic inflammation results in activation of HSCs
through several factors and pathways irrespective of its
etiology. Initial paracrine stimulation, including expo-
sure to apoptotic bodies of damaged hepatocytes can, in
turn, activate quiescent HSCs and transform them into
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myofibroblasts. Lipid peroxides from Kupffer cells drive
early activation and changes in the surrounding ECM
[6]. Lipopolysaccharide (LPS) activates Toll-like recep-
tor 4 signaling in Kupffer cells leading to the activation
of nuclear factor k-light-chain-enhancer of activated
B cells (NF-kB)-interferon regulatory factor 3 pathway
and the subsequent transcriptional activation of proin-
flammatory cytokines, such as tumor necrosis factor a
(TNF-0) and interferon y (IFN-y) [7]. This pathway leads
to endothelial cell dysfunction, impaired exchange of
solutes among neighboring cells, altered hepatocyte
function, and subsequent non-parenchymal cell dam-
age. In an experimental study, HSCs showed a more
activated phenotype, greater proliferation rates, and in-
creased collagen synthesis when they were co-cultured
with Kupffer cells or hepatocytes, as compared to when
they were cultured alone [8].

ROS production

ROS released by Kupffer cells and hepatocytes can in-
crease oxidative stress in hepatocytes, promote their
apoptosis, and further stimulate the activation of HSCs
[9]. ROS are generated mainly via the mitochondrial
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Figure 1. Process of hepatic stellate cell (HSC) differentiation during progression and regression of fibrosis. In the underlying
pathway of liver fibrosis, HSCs undergo differentiation from quiescent cells to myofibroblasts. A neighboring environment
that is characterized by multiple immune cells, cytokines, and small molecules orchestrates this process. TGF-f, transform-
ing growth factor g; CCL2, C-C motif chemokine ligand type 2; IL, interleukin; TNF-q, tumor necrosis factor a; PDGF, plate-
let-derived growth factor; MMP, matrix metalloproteinase; CB1, cannabinoid receptor 1; PPAR-y, peroxisome proliferator-acti-

vated receptor y; NK, natural killer.
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electron transport chain or via activation of cytochrome
P450, nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, xanthine oxidase, or via mitochon-
drial damage. The production of ROS is influenced by
the activity of NADPH oxidase in HSCs, macrophages,
and hepatocytes and by the production of nitric oxide
in Kupffer cells [10-12]. Clinically in alcoholics, there is
a strong induction of cytochrome P450 2E1 leading to
increased ROS and pericentral (zone 3) damage. NADPH
oxidase mediates liver injury and fibrosis through the
generation of oxidative stress [13].

Cytokines

Cytokines, including TGF-f, platelet-derived growth
factor (PDGF), and endothelial growth factor induce the
transformation of quiescent HSCs into myofibroblasts
[14). Angiotensin IT, which is secreted by HSCs, enhances
HSC proliferation and, in turn, contributes to the pro-
duction of ECM [15]. The cannabinoid receptor cannabi-
noid receptor 1 (CB1)is upregulated in myofibroblasts or
activated HSGCs, and increases hepatic fibrosis. In con-
trast, the CB2 receptor on these cells demonstrates an
antifibrotic effect [16,17]. Additionally, adipokines also
contribute to the hepatic manifestations of obesity and
fibrogenesis. Leptin, which is a circulating adipogenic
hormone, promotes stellate cell fibrogenesis, enhances
tissue inhibitor of metalloproteinase 1 (TIMP-1) expres-
sion, exerts its action through Janus kinase (JAK)-signal
transduction, and suppresses peroxisome proliferator-ac-
tivated receptor y (PPAR-y) [18].

Immune responses: variable roles in hepatic fibrosis
Immune interactions play an important role in driving
fibrogenesis, as persistent inflammation usually pre-
cedes fibrosis.

Responses of the diverse cells of the liver

Activated HSCs secrete inflammatory cytokines, interact
directly with immune cells by expressing different ad-
hesion molecules, and modulate the adaptive immune
system by functioning as antigen presenting cells [19].
Therefore, a positive feedback loop exists in which in-
flammatory and fibrogenic cells stimulate each other to
amplify fibrosis. Other cell types that regulate the pro-
gression and resolution of fibrosis include liver sinusoi-
dal endothelial cells (LSECs), Kupffer cells, hepatocytes,
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natural killer (NK) cells, T cells, monocytes, cholangio-
cytes, ductular cells, portal fibroblasts, and various other
inflammatory cells [20].

Hepatic revascularization with LSEC activation and
proliferation is highly associated with perisinusoidal fi-
brosis. During perisinusoidal fibrosis, activated LSECs
contribute to ECM production including synthesis of
basement membrane components, fibronectin, and in-
terstitial collagen type I. They also produce cytokines
that activate HSCs and secrete factors that contribute to
intrahepatic vasoconstriction, which contributes to por-
tal hypertension in cirrhosis [21].

Kupfter cell activation leads to increased NF-kB activ-
ity and subsequent secretion of proinflammatory cyto-
kines and chemokines including TNF-o and monocyte
chemoattractant protein 1 (MCP-1) [22]. In turn, HSCs
respond to this stimulation by secreting macrophage
colony-stimulating factor, MCP-1, interleukin 6 (IL-6),
C-C motif chemokine ligand type 21 (CCL21), and C-C
motif chemokine receptor type 5 (CCRs) leading to an
amplified acute phase response with further activation
of macrophages [23-25]. TNF-a also induces neutro-
phil infiltration and stimulates mitochondrial oxidant
production in hepatocytes, which undergo apoptosis.
Damage to hepatocytes, which occurs predominantly in
liver diseases characterized by enhanced oxidative and
endoplasmic reticulum stress, lysosomal activation, and
mitochondrial damage, are a strong trigger for fibro-
genesis [26]. Phagocytosis of damaged hepatocytes by
myofibroblasts triggers their fibrogenic activation via
NADPH oxidase 2 and the JAK/signal transducer and
activator of transcription (STAT) and phosphoinositide
3-kinase/Akt pathways [27,28].

NK cells exert their antifibrotic activity by inhibit-
ing and killing activated HSCs. In liver injury, NK cells
induce apoptosis of HSCs through the production of
IEN-y, although this pathway cannot be activated in ad-
vanced stages of liver fibrosis [22,29]. HSCs interact di-
rectly with various immune cells by expressing adhesion
molecules including intercellular adhesion molecule 1
and vascular cell adhesion molecule 1 [30,31]. The expres-
sion of both of these adhesion molecules is increased in
HSCs during injury, which is mediated by TNF-o, and
peaks with maximal cell infiltration. Thus, adhesion
molecule-induction on HSCs facilitates the recruitment
of inflammatory cells to the injured liver.
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CD4" T cells with a Th2 polarization promote fibro-
genesis in the liver, lungs, and kidneys [32]. Th2 cells, in
particular, produce IL-4 and IL-13, which stimulate the
differentiation of potentially fibrogenic myeloid cells
and activated macrophages [33]. In experimental studies,
rodents with Th2-dominant T cell infiltration display
rapid fibrosis progression, while CD4* Thi cells have an
antifibrotic effect [34].

Monocytes play a key role in inflammation and fibro-
sis. They are also precursors of fibrocytes, macrophages,
and dendritic cells (DCs), and share characteristics with
myeloid suppressor cells [35]. At the interface of in-
nate and adaptive immunity, monocytes help adaptive
immune responses, and proinflammatory monocytes
(CD14* and CD16* in humans) promote fibrogenesis [36].
Interaction between chemokines and their receptors is
important in the recruitment, activation, and function
of monocytes; it could be an attractive target for fibro-
sis modulation [26]. CCL2 and its receptor CCR2 are
central to monocyte recruitment to the liver during he-
patic inflammation and fibrosis [37,38]. Although their
inhibition ameliorates fibrosis progression in rodent
models, they also delay fibrosis reversal [35]. Monocytes
are the precursors of circulating fibrocytes, which are
cells that differentiate into collagen-producing fibro-
blasts, and are related to bone marrow (BM) mesenchy-
mal stem cells (MSCs). Additionally, monocytes are the
source of fibrolytic CD133* cells that accumulate in the
liver to induce fibrosis reversal after BM transplantation
[39]- Chemokines and their receptors are important in
monocyte recruitment and activation, representing at-
tractive targets for fibrosis modulation.

Responses during systemic inflammation and intestinal
dysbiosis

During systemic inflammation, the immune response
is initiated when bacteria are introduced through por-
tal flow from the intestinal lumen. Pathogen-associat-
ed molecular patterns (PAMPs) from enteric bacterial
organisms and damage-associated molecular patterns
(DAMPs) originating from the host tissue upon injury
stimulate innate immune cells [40]. Immune recogni-
tion of bacteria and PAMPs including LPS, lipopeptides,
glycopolymers, flagellin, and bacterial DNA occurs both
locally in the gut-associated lymph node tissue (GALT)
and in mesenteric lymph nodes (MLN) as well as sys-

216  www.kjim.org

The Korean Journal of Internal Medicine Vol. 32, No. 2, March 2017

temically [41]. Furthermore, immune cells already acti-
vated in the GALT and MLN may enter the peripheral
blood and spread the inflaimmatory response systemi-
cally. DAMPs and sterile particulates, also released from
necrotic hepatocytes, might also contribute to elicit an
inflammatory response and fibrosis [42].

Intracellular response during hepatic fibrogenesis

Autophagy

Autophagy participates in hepatic fibrosis by activating
HSCs and may also participate by influencing other fi-
brogenic cells [43]. Quiescent HSCs are filled with cyto-
plasmic lipid droplets (LDs) that contain retinyl esters
[44]- Along with the switch from LD-rich cells to myo-
fibroblast-like cells, autophagy flux is upregulated [45].
Autophagy may supply energy for activation of HSCs by
delivering triglycerides and other components in LDs
from autophagosomes to lysosomes for degradation [43).

Activation of TGF-B and the Smad pathway

In the liver, the role of TGF-f is important due to its
multiple effects on hepatocellular proliferation and liver
regeneration, induction of parenchymal cell apoptosis,
immune surveillance, and hepatic fibrogenesis. Addi-
tionally, TGF-p secreted by myofibroblasts can induce
hepatocellular apoptosis after activation [46]. During fi-
brogenesis, tissue and blood levels of active TGF-f} are
elevated and overexpression of TGF-f1 can induce fibro-
sis. These effects, along with the ability of TGF-f to up-
regulate ECM expression and the presence of functional
TGF-f receptors on the surface of HSCs with persistent
autocrine stimulation of activated HSCs and myofibro-
blasts by TGF-f, are key mechanisms of liver fibrogenesis
[47]. Based on the identification of downstream events of
TGEF-f signaling transduction over the past several years,
TGF-p1 has been shown to activate Smad2 and Smads3,
which are negatively regulated by Smady, an inhibitor
of TGF-f signaling, through the ubiquitin-proteasome
degradation mechanism [48]. In the context of liver fi-
brosis, Smadj is profibrogenic, as Smad3 knockout mice
are protected against dimethylnitrosamine-induced he-
patic fibrosis [49]. Although Smady depletion promotes
hepatic fibrosis, Smady is protective since its overexpres-
sion protects against HSC activation and hepatic fibrosis
in in vitro and in vivo studies [50].
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Role of microRNAs in fibrogenesis

MicroRNAs (miRNA) represent a family of small non-cod-
ing RNAs that control the translation and transcription
of many genes [51]. Dysregulation of miRNA affects a
wide range of cellular processes such as cell prolifera-
tion and differentiation involved in organ remodeling
processes [52]. The importance of miR-29 in hepatic col-
lagen homeostasis is underlined by in vivo data demon-
strating that experimental severe fibrosis is associated
with a prominent miR-29 decrease. The loss of miR-29
is due to the response of HSCs to exposure to the pro-
fibrogenic mediators TGF-f§ and PDGF [53]. Several pu-
tative binding sites for the Smad proteins and the Ap1
complex are located in the miR-29 promoter, which are
suggested to mediate the decrease in miR-29 in fibrosis.
Other miRNAs are highly increased after profibrogenic
stimulation, such as miR-21. miR-21 is transcriptional-
ly upregulated in response to Smad3 rather than Smad2
activation after TGF- stimulation. In addition, TGF-f3
promotes miR-21 expression by formation of a micro-
processor complex containing Smad proteins. Elevated
miR-21 may then act as a profibrogenic miRNA by re-
pressing the TGF-f inhibitory Smady protein [54].

Consequences of HSC activation

The ECM is a very important component of the liver
structure and undergoes highly dynamic changes during
synthesis and degradation. Life-threatening pathological
conditions arise when ECM remodeling becomes ex-
cessive or uncontrolled. HSCs, neutrophils, and macro-
phages are involved in hepatic ECM degradation. Matrix
metalloproteinases (MMPs) are the main enzymes re-
sponsible for ECM degradation and TIMPs have the abil-
ity to inhibit MMPs [55]. Thus, regulation of the MMP-
TIMP balance is critical for efficient ECM remodeling.
Activated HSCs not only synthesize and secrete ECM
proteins such as type I and type III collagen but also pro-
duce MMP1 and MMP13 [56]. Moreover, activated HSCs
up-regulate the expression and synthesis of TIMP1 and
TIMPz2 [57]. TIMP1 not only prevents the degradation of
the rapidly increasing ECM by blocking MMPs but also
inhibits apoptosis of activated HSCs [58]. The net result
is the deposition of mature collagen fibers within the
space of Disse, resulting in scarring.
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EXPERIMENTAL EVIDENCE OF THE REGRES-
SION OF FIBROSIS

Increase in fibrolytic activity

The induction and subsequent spontaneous resolution
of fibrosis has been observed in several animal models,
and constitute data that are invaluable in determining
the underlying biological mechanisms of fibrosis [57,59)].
In the face of ECM degradation, fibrotic ECM contin-
ues to accumulate in chronic liver injury because of
inhibition of MMP activity by myofibroblast-derived
TIMP-1 [60]. Several studies investigating the resolu-
tion of liver fibrosis in rats showed that levels of TIMP-
1 decreased after the cessation of injury [57,61]. As the
level of TIMP-1 decreased, hepatic collagenase activity
increased and ECM degradation occurred. Subsequent
mechanistic studies that altered TIMP to balance MMP
levels in situ have confirmed the powerful influence of
this ratio on the development and resolution of fibro-
sis in the liver [62]. In terms of restoration of macro-
phages, macrophages have also been shown to be piv-
otal in the resolution of fibrosis, which emphasizes
their role as regulators of effective wound healing and
organ homeostasis [37]. Located in fibrotic tissue of the
liver, macrophages are ideally placed to mediate ECM
degradation and are a rich source of fibrolytic MMPs,
including MMP12/13 [63,64]. Macrophages also express
TNF-related apoptosis-inducing ligand that promotes
myofibroblast apoptosis. Furthermore, phagocytosis of
apoptotic cells by macrophages induces MMP expres-
sion and augments ECM degradation in rodent mod-
els of resolving hepatocellular fibrosis [65]. Stabilization
of DCs has also been investigated in the context of the
resolution of liver fibrosis using Cdiic-diphtheria toxin
receptor (DTR) transgenic mice to deplete hepatic DCs
during the recovery phase, following CCl -mediated
injury, as well as the use of adoptive transfer protocols.
DCs were shown to mediate ECM degradation, probably
through enhanced MMPg expression [60].

Apoptosis or inactivation of HSCs

Activation of HSCs in response to chronic liver injury is
a key step in the pathogenesis of liver fibrosis. Recent-
ly, clinical and experimental studies have demonstrat-
ed that fibrosis resolution may occur upon eradication
of the liver insult [67]. Experimental models of fibrosis
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recovery have consistently reported that elimination of
activated HSCs by apoptosis or inactivation of fibrolytic
pathways led to the regression of fibrosis. This suggests
that clearance of activated HSCs is a fundamental step
in the onset of fibrosis regression [68]. Myofibroblasts
produce fibrous scars in hepatic fibrosis. In the CCl,
model of liver fibrosis, quiescent HSCs are activated and
transformed into myofibroblasts. When the underlying
etiological agent is removed, clinical and experimental
fibrosis undergo a remarkable regression, with com-
plete disappearance of these myofibroblasts. However,
it was shown that a subset of the myofibroblasts escaped
apoptosis during regression of liver fibrosis, down-reg-
ulated fibrogenic genes, and acquired a phenotype simi-
lar to, but distinct from, quiescent HSCs; they were able
to more rapidly reactivate into myofibroblasts in re-
sponse to fibrogenic stimuli and strongly contribute to
liver fibrosis. Inactivation of HSCs was associated with
up-regulation of antiapoptotic genes, such as Hspaia/b,
which participate in the survival of HSCs in culture and
in vivo [69].

In brief, liver fibrosis usually has potential for regres-
sion. Early liver fibrosis, which lacks ECM crosslinking
and marked angiogenesis, can even reverse into almost
normal architecture if the underlying cause is success-
fully treated [yo]. This is considered the best form of an-
tifibrotic therapy and facilitates the subsequent endoge-
nous regulation of wound healing (Fig. 1).

CLINICAL EVIDENCE OF REVERSIBILITY AC-
CORDING TO ETIOLOGY

Regression of fibrosis is now a reality in clinical settings.
The serial assessment of biopsy samples from patients
with chronic liver disease of diverse etiologies, who were
successfully treated, indicates that liver fibrosis is a dy-
namic and bidirectional process that has an inherent
capacity for recovery and remodeling [71]. Next, we will
describe the evidence and research outcomes of liver fi-
brosis recovery in clinical practice settings according to
different etiologies (Tables 1 and 2) [72-90].

Hepatitis B virus-related liver disease

Chronic hepatitis B (CHB) is a significant worldwide
problem as CHB patients develop cirrhosis and hepa-
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tocellular carcinoma. Standard treatments include pe-
gylated IFN-a and nucleos(t)ide analogues [91]. Several
studies have demonstrated that hepatitis B virus (HBV)
DNA suppression is associated with biochemical and
histological responses. There is currently evidence that
these surrogate markers correlate with improved long-
term clinical outcome [92]. IFN has been used in the
treatment of CHB since the 1980s. Peginterferon therapy
has been shown to reduce fibrosis progression in hepa-
titis B envelop antigen (HBeAg)-positive patients, with a
greater response seen in those who sustain HBeAg sero-
conversion, as well as in HBeAg negative patients with a
sustained virologic/biochemical response [72,93]. In one
experimental study, IEN-a therapy exhibited antifibrot-
ic activity by inhibiting the production of TGF-f, reduc-
ing HSC activation, and stimulating HSC apoptosis in
vitro [94). Another study observed the antifibrotic effect
that IFN-y exerted in liver cells through STAT-1 phos-
phorylation and impaired TGF-f signaling [95]. Long-
term therapy with nucleoside analogues has also been
shown to improve liver fibrosis and disease progression.
In a 3-year study of lamivudine for hepatitis B treatment,
follow-up liver biopsies indicated reversal of cirrhosis in
eight of 11 patients (73%) [73]. Entecavir, which is a more
potent inhibitor of viral replication in CHB, improves
liver fibrosis. In a recent study, 96% of patients had his-
tological improvement after long-term treatment with
entecavir. Ten of the 57 patients had advanced fibrosis or
cirrhosis (Ishak score 4 to 6) at baseline. All 10 patients
achieved at least a 1-point reduction in the Ishak fibrosis
score after long-term entecavir therapy [74]. In a more
recent 5-year study with tenofovir treatment for chronic
HBV infection that included patients with liver cirrho-
sis at the start of the study, 74% demonstrated extensive
histological improvement, such that they were no lon-
ger considered to be cirrhotic [75].

Recently, instead of liver biopsy, transient elastogra-
phy (TE) has been applied for the clinical assessment
of liver fibrosis [96,97]. A large prospective cohort study
of 426 individuals reported a significant decline in TE
values in CHB patients after 3 years of antiviral treat-
ment. However, the significant reduction in TE values
at follow-up, compared to those at baseline, was limited
in patients who had initially elevated alanine transam-
inase (ALT) levels [96]. To exclude the confounding ef-
fect of high ALT, another study investigated changes in
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Table 1. Major studies investigating the efficacy of treatment for biopsy-proven liver fibrosis in relation to hepatitis virus in-

fection
Liver disease Drugs Study design ~ No. of patients Effects Reference
HBV Peginterferon Non RCT 110 27% Fibrosis improvement [72]
(16-month F/U)
Lamivudine Non RCT 63 73% Fibrosis improvement (73]
(F4 to F2-3,36-month F/U)
Entecavir Non RCT 57 88% Fibrosis improvement [74]
(65-month F/U)
Tenofovir Non RCT 348 51% Fibrosis improvement (7]
(60-month F/U)
HCV Peginterferon and Non RCT 60 82% Fibrosis improvement [76]
ribavirin (60-month F/U)
Angiotensin II type 1 Non RCT 14 50% Fibrosis improvement [81]
receptor blocker (losartan) (18-month F/U)
PPAR-y agonist (Farglitazar) RCT 109 No fibrosis improvement [82]

(18-month F/U)

HBV, hepatitis B virus; RCT, randomized controlled trial; F/U, follow-up; F4, METAVIR score, fibrosis score 4; HCV, hepatitis

Cvirus; PPAR-y, peroxisome proliferator-activated receptor y.

TE values during antiviral treatment in 41 patients with
CHB exhibiting low ALT levels (= 2 x the upper limit
of normal). After 1 to 2 years of antiviral treatment, TE
values significantly decreased compared with baseline,
whereas ALT levels remained unchanged [97]. Non-in-
vasive serum fibrosis markers were also utilized for the
assessment of changes in liver fibrosis. It was reported
that fibrosis based on the four factors (FIB-4) and the as-
partate aminotransferase-to-platelet ratio index (APRI)
were significantly improved in 370 HBV-associated cir-
rhosis patients who received 2 years of entecavir therapy
[98]. These results suggest that potential fibrosis regres-
sion could be possible with long-term antiviral treat-
ment and that clinical monitoring using non-invasive
methods is useful [99).

Hepatitis C virus-related liver disease

Patients with compensated cirrhosis and chronic hep-
atitis C (CHC) benefit from IFN-based antiviral treat-
ment. Viral eradication can be achieved in up to 40%
of patients with genotype 1, and in 70% of patients with
genotypes 2 or 3, reducing the risk of developing cirrho-
sis, hepatic decompensation, and hepatocellular carci-
noma [100]. In a 5-year follow-up study of CHC patients
with stage 2 or greater fibrosis at baseline, 82% of pa-
tients who had achieved sustained virologic response

https://doi.org/10.3904/kjim.2016.268

(SVR) after IFN treatment had decreased fibrosis scores.
Another study demonstrated a reduction in clinical
events after SVR [76,101]. In addition to IFN, excellent
efficacy has been reported with several new directly act-
ing antiviral agents (DAA) for HCV. Although little data
were reported on follow-up liver biopsy, a recent report
showed the possibility of reversal of liver fibrosis and
cirrhosis by indirect measurement. TE values as well as
FIB-4 and APRI scores were evaluated prior to therapy
and within 18 months after DAA therapy; patients who
had achieved SVR after DAA therapy showed significant
regression of TE values and improvement of FIB-4 and
APRI scores [102]. Liver fibrosis and cirrhosis are expect-
ed to improve in these patients with resolution of HCV
infection.

Alcoholic liver disease

Clinical evidence for regression of fibrosis in alcohol-
ic liver disease is limited. Results from randomized
controlled trials (RCTs) assessing the effects of phar-
macological agents on alcoholic fibrosis and cirrhosis
have been disappointing. A Cochrane Intervention Re-
view assessing the effect of colchicine for alcoholic and
non-alcoholic liver fibrosis and cirrhosis from 15 RCT's
reported the absence of statistically significant improve-
ments in any significant clinical outcome, including
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Table 2. Major studies investigating the efficacy of treatment for biopsy-proven liver fibrosis in non-viral chronic liver diseases

Liver disease Drugs Study design ~ No. of patients Effects Reference
Alcoholic hepatitis ~ Abstinence of alcohol Non RCT 100 Survival benefit, no [77]
fibrosis F/U data
ACE inhibitor RCT 85 33% vs. 12% Fibrosis [83]
(candesartan) improvement
NASH PPAR-y agonist RCT 74 Fibrosis improvement [84]
(pioglitazone)
PPAR-y agonist RCT 247 Decreased fibrosis [78]
(pioglitazone) vs. vitamin E progression rate of PPAR-y
vs. placebo group (96-week F/U)
PPAR-y agonist RCT 53 No effect [85]
(rosiglitazone)
Anti-TNF (pentoxifylline) RCT 55 Fibrosis improvement [86]
High dose UDCA RCT 126 Improvement on FibroTest [87]
FXR agonist RCT 141 45% vs. 21%, Fibrosis [88]
(obeticholic acid) improvement
(p = 0.002; 24-week F/U)
Autoimmune Steroid Non RCT 87 53% Fibrosis improvement [79]
hepatitis (57-month F/U)
Cyclosporine A and steroid Non RCT 19 Mean fibrosis stage [80]
decreased from 4.53 to
2.16 (3.63-year F/U)
PBC UDCA RCT 146 No fibrosis improvement [89]
UDCA RCT 103 Lower fibrosis progression [90]

rate (p < 0.002)

RTC, randomized control trial; F/U, follow-up; ACE, angiotensin-converting enzyme; NASH, nonalcoholic steatohepatitis;
PPAR-y, peroxisome proliferator-activated receptor y; TNF, tumor necrosis factor; UDCA, ursodeoxycholic acid; FXR, farnesoid

X receptor; PBC, primary biliary cirrhosis.

liver histology [103]. However, there is a slight effect of
abstinence of alcohol on clinical outcome. In one study,
100 patients with alcoholic cirrhosis were followed for 7
years after their baseline histological assessment. Absti-
nence at 1 month post-biopsy was associated with a sig-
nificant improvement in long-term survival. This arti-
cle demonstrated that there were benefits of abstinence
after longer follow-up, with statistically significant dif-
ferences in 5-year survival rates between those who ab-
stained and persistent alcoholic drinkers (75% and 50%,
respectively; p < 0.002) [77].

Non-alcoholic fatty liver disease

There are currently no approved treatments for non-al-
coholic fatty liver disease (NAFLD) and therapies are
based on targeting risk factors. Although there have
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been several studies defining the benefits of various
pharmacological agents for NAFLD, these studies have
been limited by small study populations and short-
term follow-up periods [104]. Weight reduction through
lifestyle modification is the first treatment strategy in
NAFLD patients. Weight reduction is often associated
with beneficial effects on multiple components of met-
abolic syndrome. Histological improvements have also
been observed, particularly with respect to steatosis, but
evidence of fibrosis regression is controversial. A RCT
assessing the effect of weight reduction through lifestyle
modification in 31 NASH patients over a 48-week period
demonstrated significant improvements in the NASH
histological activity score following an average weight
loss of 9.3%, but failed to show a significant change in
fibrosis [105].
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Supplementation with the natural form of vitamin
E (800 IU/day) has beneficial effects in patients with
NASH, but benefits of pioglitazone are less clear accord-
ing to the latest findings from the Pioglitazone vs. Vita-
min E vs. Placebo for the Treatment of Nondiabetic Pa-
tients with Nonalcoholic Steatohepatitis (PIVENS) trial.
In this study, 247 adults with biopsy-confirmed NASH
without diabetes mellitus were randomly assigned to
one of the three following treatment groups: (1) 30 mg
per day of pioglitazone in addition to placebo; (2) 8oo IU
of vitamin E per day in addition to placebo; and (3) two
placebo tablets daily. The primary outcome was a com-
posite of improvement in hepatocellular ballooning, no
worsening of fibrosis, and improved activity scores for
NASH. Twice as many patients treated with vitamin E
achieved the primary outcome compared to those who
received placebo (43% vs. 19%). Although more patients
in the pioglitazone group than the placebo group ful-
filled the primary outcome (34% vs. 19%), the difference
was not statistically significant [78].

A recent placebo-controlled randomized trial demon-
strated that obeticholic acid, a synthetic farnesoid X
receptor agonist, was effective in patients with NASH.
Patients were treated for 72 weeks and the primary end-
point was improvement in histology, as measured by a
two-point reduction in a composite activity histological
score without worsening of fibrosis. The therapeutic
phase of the trial was stopped early partly because a pre-
planned interim analysis revealed that more patients on
obeticholic acid (45%, 50 of 110) than on placebo (21%,
23 of 109) reached the primary endpoint (relative risk,
1.9; 95% confidence interval, 1.3 to 2.8). Thirty-six of 102
obeticholic acid-treated patients (35%) demonstrated
fibrosis regression by one stage or more compared to
19 of 98 placebo-treated patients (19%). Although the
study was stopped after the interim analysis, the main
result of this study demonstrates a clear improvement
in all histological features of NASH, including steatosis,
inflammation, and liver-cell injury, together with a re-
duction in aminotransferases, biochemical markers of
hepatic damage [106].

Autoimmune hepatitis

Approximately 40% of patients with autoimmune hep-
atitis develop cirrhosis under current therapies. Al-
though the course is variable depending on the period
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of observation, the annual occurrence of cirrhosis is es-
timated at 3% per year [107,108]. Several studies have not
only demonstrated the antifibrotic effects of immuno-
suppressive therapy in autoimmune hepatitis but have
also strengthened the association between the indices
of hepatic inflammation and the progression of liver
fibrosis [79,80]. Fibrosis scores using the Ishak system
improved in 46 of 87 treated patients (53%) with autoim-
mune hepatitis during 63 months, and the histological
activity index decreased concurrently [79]. They suggest-
ed that improvement of hepatic fibrosis is possible in
the majority of treated patients with autoimmune hep-
atitis and that failure to suppress liver inflammation
worsens fibrosis [109).

Primary biliary cirrhosis

The only clinically approved medical treatment for
primary biliary cirrhosis (PBC) is ursodeoxycholic acid
(UDCA) [110,111]. However, there are controversies re-
garding the interpretation of current evidence. In sev-
eral studies with crossover from placebo or no UDCA
treatment, the crossover patients’ conditions deteriorat-
ed despite using UDCA [112]. A Cochrane Review evalu-
ating 16 RCT's using UDCA versus placebo revealed that
almost half of these trials had a high risk of bias and
concluded that UDCA did not significantly improve liver
histology and had no demonstrable effect on improving
mortality [113]. Nevertheless, UDCA may have benefits in
early stage and asymptomatic PBC. In the asymptom-
atic PBC cohort described by Prince et al. [114], 45% of
the patients taking UDCA did not develop liver-related
symptoms during a median follow-up of'7.4 years.

The role of immunosuppressive agents in PBC re-
mains controversial. A few studies evaluating meth-
otrexate have presented conflicting results and some
studies suggest that methotrexate may worsen mortality
[125].

Obeticholic acid, a derivative of chenodeoxycholic
acid, has, unlike UDCA, strong activating effects on the
nuclear receptor farnesoid X receptor in phase II re-
sults [116]. In a recent clinical trial with obeticholic acid
as therapy for PBC, favorable effects were also observed
in PBC patients with an inadequate response to UDCA
[117]. Alkaline phosphatase, y glutamyl transpeptidase,
and alanine aminotransferase levels were significantly
improved in patients receiving obeticholic acid com-
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pared with those in the placebo group. In this study, the
treatment period was only 3 months and liver biopsies
were not obtained to identify histologic changes. Sub-
jects were allowed to participate in an open-label exten-
sion trial, which demonstrated sustained decreases in
liver enzyme levels over 12 months [117]. Future trials to
determine the beneficial effects of obeticholic acid on
hepatic fibrosis in patients with primary cirrhosis are
warranted.

Hemochromatosis

Few studies have identified a regression of fibrosis and
reversal of cirrhosis using liver biopsy following phle-
botomy in patients with hereditary hemochromatosis
[118]. The most recent study addressing reversibility of
liver fibrosis or cirrhosis assessed histological outcome
following venesection in 36 cases of C282Y homozygotes
with documented F3 or F4 fibrosis on index biopsy. The
36 patients were enrolled from C282Y homozygotes
with either severe fibrosis or cirrhosis (F3 or F4 fibro-
sis, staged according to the METAVIR grading system).
When defining regression of fibrosis as a decrease of at
least 2 METAVIR units, fibrosis regressed in nine of 13
patients (69%) with stage F3 and in eight of 23 patients
(35%) with stage F4 fibrosis [119].

NEW ANTIFIBROTIC DRUGS AND EXPECTA-
TIONS FOR CLINICAL USE

Recently, there has been a steady addition to the num-
ber of molecules and pathways that are targets for antifi-
brotic therapy (Table 3) [88,120-128]; TGF-p1 remains the
most important of such molecules. However, systemic
inhibition of TGF-f1 results in increased inflammation
[129]. This has spurred the targeting of specific steps
of TGF-f1 activation in a localized manner. Inhibition
of integrin avp6, with reduction of TGF-f1 activation,
promises to be a highly effective and localized antifi-
brotic approach [121]. Connective tissue growth factor
(CTGF) amplifies TGF-f1 signaling, and a monoclonal
antibody targeting CT'GF has shown promise in animal
models of organ fibrosis [122]. Attenuating the activated
phenotype of myofibroblasts is an attractive approach
due to their key role in ECM deposition. Inhibition of
the CB1 reverses myofibroblast activation and atten-
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uates experimental liver fibrosis [123]. This has passed
the proof of principle state, and peripheral-acting CB1
antagonists that may circumvent adverse side effects
on the central nervous system, such as depression, are
being developed [130]. In fibrotic NASH, progression
is intimately linked with insulin resistance/type 2 di-
abetes as well as lipotoxic hepatocyte death and intes-
tinal dysbiosis, providing rational targets for both an-
ti-inflammatory and antifibrotic therapy. Therapeutic
strategies include reducing oxidative stress, improving
insulin signaling, activating the farnesoid X receptor
(e.g., with obeticholic acid), fibrosis-targeted inhibitors
of hedgehog signaling, combined PPAR-0/d agonists, or
manipulation of altered gut microbiota using probiotics
or microbiota transfer [120]. Although oxidative stress
is an important cofactor in fibrosis, the use of antiox-
idants has proved disappointing. Activation of NADPH
oxidases (NOX1, NOX 2, and NOX4) induces HSC activa-
tion. NOX4 can trigger apoptosis in hepatocytes [27,124].
NOX inhibitors have been studied for the prevention of
liver fibrosis.

In addition, several candidate molecules have been
tested in steatohepatitis patients that have a strong
preclinical rationale. These include the dual PPAR-
0/d (GFT505), CCR1 and CCR5 antagonists, antifibrotic
agents (simtuzumab), Takeda G-protein coupled re-
ceptor 5 (TGRs) agonists or receptor agonists, and the
fatty acid-bile acid conjugate aramchol. Most of these
agents are already in advanced phase 2b and phase 3
clinical trials. The drug pipeline is slowly building to
address the clinical needs of this silent but damaging
liver disease [117,125-127,131]. Recently, MSC therapy has
been suggested as an effective alternate approach for the
treatment of hepatic fibrosis. MSCs have the potential
to differentiate into hepatocytes and their therapeutic
value lies in their immune-modulatory properties and
secretion of trophic factors, such as growth factors and
cytokines [132].

CONCLUSIONS

Hepatic fibrogenesis is a complex and regulated process
that represents the balance between matrix production
and degradation. HSCs are important factors in the
fibrogenic process and are a promising target for an-
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Table 3. New antifibrotic targets and agents for clinical use
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Anti-fibrotic target Agent Effects Reference
TGF-p1 inhibition Anti-avf6 monoclonal  Inhibition of integrin avp6 [121]
antibody
Anti-CTGF monoclonal Inhibition of CTGF [122]
antibody
Apoptosis or quiescence of CB1 antagonist Inhibition of CB1 [123]
myofibroblast activation
FXR agonist Activating the farnesoid X receptor [88]
miRNA-29 Inhibition of the coreceptor smoothened, fibrosis-targeted [120,128]
inhibitors of hedgehog signaling
CCR1/CCR; antagonists Inhibition of HSC activation and increase of hepatocyte [127]
survival
Reduction of oxidative NOX inhibitor Reduction of reactive oxygen species production, the [124]
stress expression of fibrogenic markers, and hepatocyte apoptosis
Reduction of hepatic Combined PPAR- /8 Regulation of fatty acid transport and -oxidation [125]
storage of triglycerides agonists
and fatty acid esters
Fatty acid-bile acid Decrease in the synthesis of fatty acid and increase of [126]

conjugates

the p-oxidation by inhibition of SCD1, which is a key

enzyme for fatty acid metabolism

TGEF-p1, transforming growth factor f1; CTCF, connective tissue growth factor; CB1, cannabinoid receptor 1; FXR, farnesoid
X receptor; CCR, C-C motif chemokine receptor; HSC, hepatic stellate cell; NOX, NADPH (nicotinamide adenine dinucleotide
phosphate) oxidases; PPAR, peroxisome proliferator-activated receptor; SCD1, stearoyl-CoA desaturase 1.

tifibrotic therapies. Although the immune system and
HSCs reciprocally regulate each other to propagate fi-
brogenesis, an antifibrotic pathway including NK and
DCs also stimulates HSC apoptosis. Despite the advanc-
es in understanding the mechanisms underlying hepat-
ic fibrosis, there is a significant lag in applying these to
clinical treatments. Nevertheless, progress in the next
decade is expected to uncover approaches to reverse fi-
brosis through further translational research.

Clinically, the most convincing evidence for the re-
gression of liver fibrosis is derived from large-scale
studies of antiviral therapies for the treatment of CHC
and hepatitis B. Long-term follow-up studies indicate
that regression of liver fibrosis is associated with im-
proved clinical outcomes by strengthening perceived
histological regression. Although fibrosis regression re-
mains a controversial topic, we believe that regression of
fibrosis could eventually be achieved by elucidating the
multiple signaling pathways involved in HSC activation
as well as through the application of potential new anti-
fibrotic strategies.
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