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Recent advancement of molecular mechanisms of liver ﬁbrosis
Ekihiro Seki · David A. Brenner
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Abstract Liver ﬁbrosis occurs in response to any etiology of
chronic liver injury including hepatitis B and C, alcohol consumption, fatty liver disease, cholestasis, and autoimmune
hepatitis. Hepatic stellate cells (HSCs) are the primary source
of activated myoﬁbroblasts that produce extracellular matrix
(ECM) in the liver. Various inﬂammatory and ﬁbrogenic
pathways contribute to the activation of HSCs. Recent studies
also discovered that liver ﬁbrosis is reversible and activated
HSCs can revert to quiescent HSCs when causative agents
are removed. Although the basic research for liver ﬁbrosis
has progressed remarkably, sensitive and speciﬁc biomarkers
as non-invasive diagnostic tools, and effective anti-ﬁbrotic
agents have not been developed yet. This review highlights
the recent advances in cellular and molecular mechanisms of
liver ﬁbrosis, especially focusing on origin of myoﬁbroblasts,
inﬂammatory signaling, autophagy, cellular senescence, HSC
inactivation, angiogenesis, and reversibility of liver ﬁbrosis.
Keywords Alcoholic liver disease · Angiogenesis ·
Autophagy · Hepatic stellate cells · IL-17 · IL-22 · IL-33 ·
Liver cirrhosis · Reversal · Senescence
Introduction
Fibrosis is a wound healing response that produces and deposits
extracellular matrix (ECM) proteins including collagen ﬁbers,
causing tissue scarring [1, 2]. Liver usually regenerates after
liver injury. However, when liver injury and inﬂammation are
persistent and progressive, liver cannot regenerate normally
and causes ﬁbrosis. Progressive liver ﬁbrosis results in cirrhosis
where liver cells cannot function properly due to the formation
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of ﬁbrous scar and regenerative nodules and the decreased blood
supply to the liver [1, 2]. A variety of etiologies, such as hepatitis B and C infection, chronic alcohol abuse, non-alcoholic
steatohepatitis (NASH), cholestasis, and autoimmune hepatitis,
ultimately progress to liver cirrhosis. Although removal of causative agents of liver ﬁbrosis will regress liver tissue scarring, it is
difﬁcult to treat advanced cirrhosis [3]. To date, there is no approved anti-ﬁbrotic drug. Liver transplantation is the only curative therapy for liver cirrhosis. However, due to insufﬁcient
number of donor livers, the development of effective antiﬁbrotic drugs is needed. Hepatic stellate cells (HSCs) are the
major precursor of activated myoﬁbroblasts, the cell type that
produces ECM proteins during liver ﬁbrosis. Quiescent HSCs
store Vitamin A-containing lipid droplets, and HSCs lose lipid
droplets when they are activated. Transforming growth factor
(TGF)-β and platelet-derived growth factor (PDGF) are two major cytokines that contribute to HSC activation and proliferation,
resulting in activation into myoﬁbroblasts [4]. Many other cytokines, intracellular signaling, and transcription factors are involved in this process [4]. Controlling the activation process
of HSCs would be an ideal therapeutic strategy for liver ﬁbrosis.
Therefore, the understanding of molecular mechanisms underlying HSC activation is crucial. This review highlights the recent
advancement of molecular mechanisms of liver ﬁbrosis.
Origin of activated myoﬁbroblasts
Although it is believed that HSCs are the major precursor of
myoﬁbroblasts, other cell types, such as endogenous portal ﬁbroblasts and myoﬁbroblasts derived from liver parenchymal
cells undergoing epithelial-mesenchymal transition (EMT) are
also suggested to contribute to the myoﬁbroblast pool [5]. The
contribution of different sources of cells to the myoﬁbroblast
pool may be determined by the different etiology of liver ﬁbrosis. The study done by Iwaisako et al. used phenotypic analysis
to identify two collagen-producing cell populations: Vitamin A
positive HSCs and Vitamin A negative portal ﬁbroblasts using
collagen promoter-driven green ﬂuorescent protein (GFP)
transgenic mice [5]. They demonstrated that myoﬁbroblasts
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are mainly differentiated from HSCs in hepatotoxin (carbon
tetrachloride [CCl4])-induced liver ﬁbrosis. In early cholestatic liver disease, portal ﬁbroblasts are the major source of
the myoﬁbroblast pool, while in later cholestatic injury HSCs
predominate [5]. Intriguingly, Asahina and colleagues demonstrated that the differentiation of mesothelial cells contribute to
the HSC pool upon liver injury [6]. Mesothelial cells have the
capacity to differentiate into both HSCs and myoﬁbroblasts in
CCl4-induced liver injury, whereas cholestatic liver injury induces the differentiation of mesothelial cells only into HSCs,
but not myoﬁbroblasts, suggesting that cells other than HSCs,
such as portal ﬁbroblasts, contribute to the myoﬁbroblast
pool in cholestatic liver injury [6]. Schwabe and colleagues
also attempted to answer the same question. They newly
generated Cre transgenic mice under control of the promoter of Lecithin retinol acyltransferase (Lrat), an enzyme
required for Vitamin A metabolism, which is predominantly
expressed in HSCs [7]. The study determined that HSCs are
the primary cells to transdifferentiate into myoﬁbroblasts in
all mouse models of liver ﬁbrosis, under conditions of more
extensive ﬁbrosis (toxic, cholestatic, and fatty liver disease)
[7]. They also demonstrated that Lrat positive HSCs are not
derived from bone marrow and does not differentiate into
hepatocytes and cholangiocytes when liver regenerates [7].
It should be pointed out that the deﬁnitive study has not
yet been performed in which each proposed myoﬁbroblast
precursor (i.e. HSCs or portal ﬁbroblasts) are genetically labeled with a cell-speciﬁc inducible Cre so that a classic
pulse-chase experiment could be performed in a ﬁbrosis
model to follow a discrete cell population into the activated
myoﬁbroblast population (Fig. 1).
In addition, several other studies using genetic cell fate mapping concluded that EMT does not contribute to the
myoﬁbroblast pool and liver ﬁbrosis in mice. The studies labeled hepatocytes, cholangiocytes, and both hepatocytes and
cholangiocytes using the Cre-loxP technology (Albumin-Cre,
CK19-Cre and AFP-Cre, respectively) and traced these cells
during the development of liver ﬁbrosis [8–10]. The studies
found that myoﬁbroblasts originate from neither hepatocytes
nor cholangiocytes. Although we have to be aware that mouse
study cannot recapitulate all human diseases, currently available mouse studies suggest that: (1) EMT does not occur; (2)
HSCs are the major source of myoﬁbroblasts in hepatotoxic
liver ﬁbrosis; (3) portal ﬁbroblasts are important contributors
to the myoﬁbroblast population in early cholestatic liver injury;
and (4) mesothelial cells have potential to differentiate into
both HSCs and myoﬁbroblasts upon liver injury.
TLR4 and intestinal microbiome
Plasma and portal endotoxin (also known as lipopolysaccharide [LPS], Gram negative bacterial cell wall component)
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Fig. 1 Activation and regression of hepatic stellate cells. Quiescent hepatic stellate cells (HSCs) store Vitamin A containing lipid droplets and
lose Vitamin A when the cells are activated. Hepatic epithelial injury,
such as death of hepatocytes and biliary epithelial cells, induces activation of HSCs directly or through cytokines released from immune cells
including Kupffer cells, bone marrow-derived monocytes, Th17 cells,
and innate lymphoid cells (ILC). Transforming growth factor-β (TGF-β),
platelet-derived growth factor (PDGF), interleukin-1β (IL-1β), IL-17, and
intestine-derived lipopolysaccharide (LPS) promote HSC activation.
IL-33 promotes HSC activation through ILC2. Autophagy in HSCs is associated with HSC activation. The activated myoﬁbroblast pool is mainly
constituted by activated HSCs, but biliary injury induces differentiation
of portal ﬁbroblasts to activated myoﬁbroblasts. However, there is no
evidence of epithelial-mesenchymal transition for constituting the
myoﬁbroblast pool. After the cessation of causative liver injury, ﬁbrosis
starts regression, and activated HSCs induce apoptosis or revert into a
quiescent state. Peroxisome proliferator-activated receptor γ (PPARγ) expression in HSCs is associated with HSC reversal. Some activated HSCs
become senescent, resulting in loss of proﬁbrogenic property in which
p53 plays a role. Moreover, angiogenesis contributes to both ﬁbrosis development and regression

levels are elevated in cirrhotic patients. Since gut leakiness,
bacterial overgrowth, dysbiosis are seen in patients with liver
cirrhosis, it is conceivable that translocated microbial products
and TLR4, an endogenous sensor for LPS, may contribute to
liver disease progression [11]. Indeed, mice deﬁcient in
TLR4, CD14, and LPS-binding protein are resistant to mouse
model of alcoholic liver disease [12]. Similarly, TLR4 mutant
mice and mice with gut sterilization fail to develop liver ﬁbrosis [4, 13]. Notably, TLR4 mutant mice show similar elevation of blood LPS levels with WT mice during liver ﬁbrosis,
suggesting that TLR4 primarily functions in the liver [13]. Although immune cells including Kupffer cells express TLR4,
HSCs are the primary cells for TLR4-mediated liver ﬁbrosis
(Fig. 1) [13]. TLR4-stimulated HSCs produce a variety of
chemokines (e.g. CCL2, CCL3, CXCL2, CXCL10) and express adhesion molecules (e.g. E-selectin, VCAM-1, ICAM-1)
that promote inﬂammatory cell inﬁltration into the liver.
TLR4 signaling also enhances TGF-β signaling in HSCs by
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downregulating BMP and activin membrane bound inhibitor
(BAMBI), a decoy receptor for TGF-β receptor, promoting
ﬁbrogenic response [13]. In HSCs, nuclear factor (NF)-κ
Bp50:p50 and HDAC1 transcriptionally regulates BAMBI
expression [14]. Moreover, TLR4-mediated ﬁbronectin production in HSCs drives angiogenesis, promoting liver ﬁbrosis
and portal hypertension [15]. TLR4 signaling also regulates
HSC activation and liver ﬁbrosis through inhibiting miR-29
expression [16]. Importantly, TLR4 SNPs are associated
with the degrees of liver ﬁbrosis in HCV patients [17],
demonstrating the clinically relevant role of TLR4 in human
liver ﬁbrosis. In contrast to TLR4 that functions within the
liver, TLR2, a receptor for Gram-positive bacterial components, can maintain the intestinal barrier function to prevent
bacterial translocation in liver ﬁbrosis. TLR2-/- mice show
reduced liver ﬁbrosis by inhibiting translocation of LPS
into the liver [18]. Intestinal microbial environment may
be affected by different etiologies of liver disease. Bile duct
ligation (BDL) induces bacterial overgrowth in early stage
but does not alter the composition of intestinal bacteria
whereas chronic CCl4 treatment changes in the composition
of intestinal bacteria only after liver ﬁbrosis has developed
[19]. Dysbiosis in CCl4-treated mice represents increased
Firmicutes and Actinobacteria [19]. The difference
between quantitative changes (bacterial overgrowth) after
BDL and qualitative changes (dysbiosis) by CCl4 treatment
may be due to the direct effect of decreased intestinal bile
acids and the secondary effect of CCl4-induced
hepatoxicity, respectively. Although BDL alone does not
induce dysbiosis, the high fat diet (HFD) feeding condition
signiﬁcantly alters the composition of intestinal bacteria
(increased ratio of Gram-positive bacteria and reduced ratio
between Bacteroidetes and Firmicutes) after BDL [20]. Accordingly, cholestasis-induced liver ﬁbrosis is augmented
in HFD-fed mice compared with control chow-fed animals
[20]. The study further puriﬁed “ﬁbrogenic” Gram-negative
bacteria from HFD + BDL mice and conﬁrmed that these
“ﬁbrogenic” bacteria signiﬁcantly augment liver ﬁbrosis
[20]. HFD feeding is also associated with the increased
composition of Clostridium cluster XI, the bacteria that metabolite primary bile acids to deoxycholic acid (DCA) [21].
Intestine-derived DCA further induces DNA damage and
production of reactive oxygen species to promote hepatocellular carcinoma (HCC) development [21]. In ﬁbrosisassociated hepatocarcinogenesis model (DEN + CCl4), the
composition of intestinal microbiome is similar between
WT and TLR4 mutant mice, suggesting that TLR4 does
not play a role in intestinal dysbiosis during chronic liver
injury [22]. The study also conﬁrmed that non-absorbable
long-term antibiotics treatment and germ-free condition suppress the growth of ﬁbrosis-associated HCC [22]. However,
a recent report studying liver ﬁbrosis using germ-free
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animals demonstrated that the germ-free mice are more susceptible to hepatotoxin-induced liver ﬁbrosis, suggesting
beneﬁcial bacteria existed in the intestine that prevents liver
ﬁbrosis, in addition to harmful bacteria that increase in
chronic liver disease [23]. The discrepancy between the
studies done by Dapito et al. and Mazagova et al. may be explained by the duration of toxin exposure, or with or without
DEN treatment. The different husbandry and mouse house
environment of control animals between the studies may
also be considered.
Inﬂammatory cytokines
Recent studies demonstrated the importance of IL-17, IL-22,
and IL-33 in liver ﬁbrosis (Fig. 1). IL-17 is mainly produced
from Th17 cells and upregulated in hepatitis B and C,
alcoholic liver disease, and autoimmune hepatitis [24]. IL-17
is a proinﬂammatory and proﬁbrogenic cytokine that activates
NF-κB and STAT3 in Kupffer cells and HSCs. IL-17stimulated HSCs upregulate levels of collagen α1(I),
α-smooth muscle actin (αSMA), and TGF-β, promoting liver
ﬁbrosis [25]. Mice deﬁcient in IL-17A or IL-17RA are resistant to cholestasis and toxin-induced liver ﬁbrosis [25]. Interestingly, the anti-ﬁbrotic effect of endocannabinoid CB2
receptor signaling is mediated through inhibiting IL-17
production [26].
Th17 cells also produce IL-22. In the liver, IL-22R is
expressed on hepatocytes and HSCs, but not immune cells.
IL-22 induces its biological functions, such as cell proliferation, tissue repair, and wound healing response through
STAT3 [27]. Blood IL-22 levels are elevated in cirrhotic patients, and elevated IL-22 levels correlate with severity of
liver cirrhosis, and complications and mortality rate [28]. Although IL-22 is procarcinogenic [29], IL-22 is protective
against alcoholic liver disease, T cell-mediated hepatitis
model, and acetaminophen-induced liver injury [30–32].
Moreover, IL-22 has an anti-ﬁbrotic effect and IL-22 treatment inhibits liver ﬁbrosis through induction of HSC senescence via STAT3 and p53 [33]. However, some studies
show that IL-22 is pathogenic and promotes liver inﬂammation and ﬁbrosis through Th17 cells and liver progenitor
cells in hepatitis B patients and hepatitis B virus transgenic
mice [34–36]. While the hepatoprotective effect of IL-22 is
well-documented, the detrimental effect of IL-22 is seen in
hepatitis B and HCC.
In cirrhotic patients, the levels of IL-33 and its receptor
ST2 are elevated [37]. IL-33 expression is also upregulated
in mouse liver ﬁbrosis induced by exposure to CCl4 and
TAA, and infection of Schistosoma mansoni [37]. IL-33 is released from injured hepatocytes as a danger-alerting molecule. IL-33 induces IL-13 production in liver resident innate
lymphoid cells type II (ILC2). IL-13 signaling then enhances
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TGF-β signaling through IL-4Rα and STAT6 in HSCs, promoting liver ﬁbrosis [37]. IL-33-/- mice, mice treated with soluble ST2, or mice with depletion of ILC by anti-Thy1.2
antibody are resistant to liver ﬁbrosis [37]. IL-33 is also involved in the development of primary biliary cirrhosis, biliary
repair, and carcinogenesis through ILC2 and IL-13 [38, 39].
TGF-β and liver ﬁbrosis
Transforming growth factor-β plays a central role in ﬁbrotic
diseases including liver ﬁbrosis [40]. In the liver, liver macrophages including Kupffer cells are the main producers of
TGF-β, while HSCs also produce TGF-β. TGF-β is produced as the latent form that requires processing to be active.
An αv integrin contributes to liver ﬁbrogenesis via activation
of TGF-β [41]. Binding of bioactive TGF-β to TGF-β receptor type II phosphorylates TGF-β type I receptor that
activates Smad- and non-Smad pathways [40]. In HSCs,
TGF-β-mediated Smad2/3 activation induces the transcription of type I and III collagen, promoting liver ﬁbrosis
(Fig. 1). Smad signaling also induces Smad7 transcription,
negatively regulating TGF-β signaling [40]. Another TGF-β
negative regulator BAMBI interacts with TGF-β type I
receptor and Smad7 to inhibit TGF-β signaling [42]. A
new report demonstrated the role of Vitamin D nuclear
receptor (VDR) in modulation of TGF-β-Smad signaling.
Activation of VDR antagonizes Smad binding to the
promoter region of proﬁbrogenic genes in HSCs [43].
Accordingly, VDR-deﬁciency promotes and Vitamin D treatment attenuates liver ﬁbrosis in mice [43].
In primary culture hepatocytes, TGF-β induces EMT-like
phenotypical changes that express type I collagen. Unlike
in vitro observations, the TGF-β-mediated EMT-like changes
are not observed in liver ﬁbrosis in vivo [8, 10]. Instead,
TGF-β signaling mediates hepatocyte death in lipid-laden hepatocytes, which secondarily activates HSCs to promote liver
ﬁbrosis [44]. TGF-β signaling also induces connective tissue
growth factor in hepatocytes, promoting liver ﬁbrosis [45].
HSC senescence in liver ﬁbrosis and HCC
Senescent HSCs are often observed in cirrhotic livers.
Senescent activated HSCs lose their proliferative and
collagen-producing capacity and have increased inﬂammatory property to produce inﬂammatory cytokines compared
with replicating activated HSCs [46]. p53 is associated
with cellular senescence through p21 induction (Fig. 1).
HSCs isolated from p53-/- mice are resistant to undergo senescence and have more proliferative ability than WT
HSCs [47]. Accordingly, p53-/- mice exhibit more severe
liver ﬁbrosis than WT mice, implying that p53-mediated
cellular senescence restricts the development of liver
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ﬁbrosis [47]. Moreover, senescent HSCs upregulate expression of inﬂammatory cytokines and are prone to apoptosis
through NK cell-mediated killing, which limits ﬁbrosis progression [47]. The follow-up study further demonstrated
p53 expression in senescent HSCs to be associated with
the polarization of liver macrophages to M1-state through
their senescence-associated secretory phonotype (SASP),
resulting in inhibiting the development of hepatocellular
carcinoma (HCC) [48]. Consistently, p53-/- HSCs induce
the polarization of macrophages to M2 phenotype that promote HCC proliferation through affecting tumor microenvironment [48]. Intriguingly, IL-22 also induces HSC
senescence through the STAT3-p53 axis, limiting liver ﬁbrosis. IL-22-mediated induction of HSC senescence may
be a new interventional strategy for liver ﬁbrosis [33]. In
contrast to the aforementioned studies, there is a report
showing that SASP phenotypes in HSCs promote obesityassociated HCC development [21]. Interestingly, in this
study obesity-mediated HSC senescence and SASP phenotype are not associated with liver ﬁbrosis [21]. Thus, the
role of senescence of HSCs in liver ﬁbrosis is still unresolved and requires further experiments using cell-speciﬁc
genetic modiﬁcations to HSCs in experimental models of
liver ﬁbrosis in vivo.
Autophagy in liver ﬁbrosis
Autophagy is the process to maintain cellular homeostasis by
degrading and recycling protein aggregates or damaged
organelles (e.g. mitochondria). Autophagy ﬂux is observed
during HSC activation, and inhibition of autophagy suppresses HSC activation and proliferation [49]. Therefore,
mice with HSCs lacking autophagy have reduced HSC activation and liver ﬁbrosis. Since autophagy is associated with lipid
degradation, HSCs lacking autophagy fail to lose lipid droplets and maintain cells in a quiescent state, indicating the
requirement of autophagy for HSC activation (Fig. 1) [49].
α1 anti-trypsin (AT) deﬁciency is a common genetic disease
that causes liver disease by accumulating mutant Z protein
within endoplasmic reticulum of hepatocytes [50, 51]. Mice
harboring α1 AT Z mutation recapitulate many features of
human α1 AT deﬁciency including liver ﬁbrosis [50, 51]. In
patients with α1 AT deﬁciency and mice with mutant Z protein, autophagy in the hepatocyte is activated and autophagic
vacuoles contain α1 AT mutant Z protein. Treatment with
autophagy-inducing drugs, carbamazepine or rapamycin, suppresses hepatic accumulation of globules containing α1 AT
mutant Z protein and liver ﬁbrosis [50, 51]. Thus, while autophagy is required for HSC activation, autophagy induction
in hepatocytes is beneﬁcial for many other liver diseases, including α1 AT deﬁciency, alcoholic liver disease (ALD),
and NASH.
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Angiogenesis and liver ﬁbrogenesis

While liver macrophages are required for liver ﬁbrosis
development, monocyte/ macrophage lineage also contributes to resolution of liver ﬁbrosis by producing matrix
metalloproteases (MMPs) that degrade ECM. When liver
inﬂammation ceases, bone marrow-derived inﬂammatory
Ly6C-expressing monocytes differentiate into restorative
macrophages with low expression of Ly6C that produce
MMP9 and MMP12, inducing liver ﬁbrosis regression [61].
Angiogenesis also plays a key role in liver ﬁbrosis resolution. Inhibition of VEGF inhibits ﬁbrosis resolution [44].
Liver macrophages contribute to ﬁbrosis resolution through
production of CXCL9 and MMP-13 [44]. Accordingly,
overexpression of CXCL9 and VEGF accelerate ﬁbrosis
resolution [44].

Hepatic stellate cells are the hepatic pericytes and their contractility regulates sinusoid contraction associated with
intrahepatic resistance of blood ﬂow and portal hypertension
[52]. Endothelin-1 and angiotensin II control the contractility
of HSCs [52]. HSCs also contribute to angiogenesis through
production of vascular endothelial growth factor (VEGF)
and angiopoietin-1 [53, 54]. Inhibition of angiogenesis by
blocking VEGF or angiopoietin-1 inhibits liver ﬁbrosis, implying an important role of angiogenesis in liver ﬁbrogenesis
(Fig. 1) [54, 55].
The liver regenerates after acute liver injury while liver
induces ﬁbrosis instead of normal regeneration during
chronic liver injury. Raﬁi and colleagues demonstrated that
chemokine receptors CXCR4 and CXCR7 regulate
switching between regeneration and ﬁbrogenesis [56]. Acute
liver injury induced by CCl4 or acetaminophen upregulates
CXCR7 in liver sinusoidal endothelial cells (LSECs).
CXCR7 signaling induces production of hepatocyte growth
factor (HGF) and Wnt2 through inhibitor of DNA binding
1 (Id1) in LSECs, promoting liver regeneration [56]. In contrast, chronic liver injury induced by BDL or chronic CCl4
treatment upregulates CXCR4 through ﬁbroblast growth factor receptor 1 (FGFR1). The FGFR1-CXCR4 axis in LSECs
inhibits the CXCR7-Id1 pathway to inhibit normal liver regeneration but activate HSCs, shifting aberrant regenerative
response, ﬁbrosis [56].
Reversibility of liver ﬁbrosis
Fibrosis has been believed to be irreversible for a long time.
However, many researchers also predicted reversibility of ﬁbrosis because ﬁbrosis can regress when the causative conditions including alcohol, hepatitis viruses, chemicals, biliary
obstruction, and obesity are removed both in patients and in rodent models. It has been reported that activated HSCs undergo
apoptosis during ﬁbrosis resolution (Fig. 1) [57]. On the other
hand, in culture experiment activated HSCs can revert to a quiescent condition if peroxisome proliferator-activated receptor γ
(PPARγ) is overexpressed or the cells are treated with a PPARγ
ligand [58]. Recently, two independent studies using cell fate
tracking demonstrated that approximately 40–50% of activated
HSCs reverted to a quiescent state in vivo [59, 60]. These “previously activated” or inactivated HSCs were more sensitive to
the second ﬁbrogenic stimuli than “never-activated” or quiescent HSCs [59, 60]. In addition, “previously activated” HSCs
differentiated into neither hepatocytes nor cholangiocytes,
and inactivated HSCs did not originate from bone marrow
[59]. However, it is still unclear whether all activated HSCs
can inactivate or whether there are fully activated HSCs that
have reached a “point of no return” and cannot reverse.

Conclusion
This review highlighted new insight into the cellular and molecular mechanisms of liver ﬁbrosis including the regression
of liver ﬁbrosis. Because multiple liver cells contribute to
ﬁbrosis progression, identifying the responsible cells to
differentiate into myoﬁbroblasts and understanding the HSC
biology including its activation and inactivation are noteworthy. Inﬂammation and ﬁbrosis are tightly connected and regulated. Therefore, more sensitive and speciﬁc biomarkers for
liver ﬁbrosis by measuring blood levels of inﬂammatory mediators are feasible. Moreover, controlling inﬂammatory pathway could be an attractive therapeutic strategy for liver
ﬁbrosis. Recent studies have pointed out the connection between intestinal microbiota and hepatic immune system.
Modulation of intestinal microbiota has potential to prevent
liver ﬁbrosis progression. On the other hand, removal of
causative factors is the most realistic therapeutic strategy,
which enhances the reversibility of liver. Simultaneously,
we have to tackle to treat cirrhosis that reached a “point of
no return”. A recent clinical trial of farnesoid X receptor agonist for NASH patients successfully reduced liver ﬁbrosis
[62]. Future and ongoing clinical trials will validate effectiveness, speciﬁcity, and safety for novel therapeutic strategies
including combination therapies for liver ﬁbrosis.
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