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Abstract
Liver fibrosis is a gradual process of increased secretion and decreased degradation of extra-
cellular materials. Two cell types are now well recognized as being involved in liver fibrosis,
i.e. hepatic stellate cells (HSCs) and portal mesenchymal cells. This process is initiated by the
damage of hepatic cells, which leads to activation of hepatic stellate cells that differentiate into
myofibroblasts leading to the formation of liver fibrosis. On the other hand, the epithelial-
mesenchymal transition and mesenchymal-epithelial transition are crucial for the regulation of
cellular plasticity during liver fibrosis. The EMT is a process in which molecular reprogram-
ming leads epithelial cells to adopt a mesenchymal phenotype. During EMT, epithelial cells
gain mesenchymal features which include changes in the expression of epithelial markers. The
EMT process plays fundamental roles during embryogenesis, tissue fibrosis, and carcinogene-
sis. As multiple experimental studies of liver fibrosis have confirmed that established liver fi-
brosis is reversible upon cessation of the causative agent, modulation of the EMT markers
could be promising as potential therapeutic agents. Better understanding of the molecular cas-
cades of intracellular fibrogenic signaling and genetic factors that controlling the expression of
EMT markers would be a powerful strategy for early diagnosis and treatment liver fibrosis at
the genetic level. Activating or silencing of the responsible genes may be an efficient and more
specific approach for treating liver fibrosis either through the arrest of EMT or the induction of

MET.
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Introduction

Liver fibrosis is characterized by the ex-
cessive deposition of ECM involving mo-
lecular and histological re-arrangement of
various types of collagens, proteoglycans as
hyaluronic acid and structural glycoproteins
(Gressner et al, 2009; Kumar and Mabhato,
2015). It is considered as a wound healing
scar response following acute and chronic
liver diseases including chronic hepatitis B
& C, autoimmune hepatitis, non-alcoholic
steatohepatitis and alcoholic liver disease
(Friedman, 2008). The patho-histological
findings of liver cirrhosis, the end-stage of
liver fibrosis, show hepatocellular death, a
lobular inflammatory cell infiltrate excessive
deposition of ECM proteins and the appear-
ance of regenerative nodules that may result
in liver failure, portal hypertension and
hepatocellular carcinoma (Friedman, 2008).
In addition, liver fibrosis is highly associated
with chronic hepatocellular injury and sub-
sequent inflammatory response that produc-
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es inflammatory cytokines and recruits in-
flammatory leukocytes into the injured site.
This inflammatory circumstance in the liver
drives the activation of HSCs through vari-
ous fibrogenic mediators including trans-
forming growth factor-beta (TGF-f) and
PDGF (Friedman, 2008; Gressner et al,
2009). The pathophysiology of liver injury
has attracted the interest of experimentalists
and clinicians over many centuries (Pinzani
and Macias-Barragan, 2010). With the dis-
covery of liver- HSC, the insight into the
cellular and molecular pathobiology of liver
fibrosis has evolved and the pivotal role of
HSC as a precursor cell-type for ECM-
producing myofibroblasts were established
(Hernandez-Gea and Friedman, 2011). Alt-
hough activation and trans-differentiation of
HSC to myofibroblasts is still regarded as
the pathogenetic key mechanism of fibro-
genesis, recent studies point to a prominent
heterogeneity of the origin of myofibroblasts
(Pinzani and Macias-Barragan, 2010). Liver



fibrosis starts with injury, necrosis or apop-
tosis of hepatocytes and inflammation-
connected activation of hepatic stellate cells
(HSC) triggering their trans-differentiation
to myofibroblasts (Roy er al, 2015). New
pathogenetic mechanisms concern: (i) the
influx of bone marrow-derived cells (Fibro-
cytes); (ii) circulating monocytes and (iii)
epithelial-mesenchymal transition (EMT) of
epethelial cells of bile duct and hepatocytes.
These mechanisms enlarge the pool of ma-
trix-synthesizing myofibroblasts in the dam-
aged liver (Gressner et al, 2009). Disturb-
ance of the balance between collagen syn-
thesis & degradation led to extracellular ac-
cumulation and liver fibrosis (Gressener et
al, 2007; Friedman, 2008).

Epithelial-Mesenchymal Transition: the
understanding of fibrosis has been strikingly
enhanced by the characterization of cellular
effectors, key inflammatory/pro-fibrogenic
cytokines and molecular mediators and by
the emergence of new pathogenetic scenari-
os (Ding and Chen, 2012). A major determi-
nant of fibrosis is the continuous expansion
of fibroblasts/myofibroblasts that prompts
the question of how this cellular pool can be
fed. EMT, by generating new mesenchymal
cells, may contribute substantially to the in-
crease of interstitial fibroblasts/ myofibro-
blasts and have an important role in the
pathogenesis of liver fibrosis (Lorenzini et
al, 2010). EMT also can promote the pro-
gression of fibrotic disease by generating
new mesenchymal cells, which can expand
the pool of interstitial fibroblasts (Lee et al,
2012). It is estimated that in kidney fibrosis,
66% of fibroblasts are the result of EMT, in
heart the number claims to about 20%. Very
recent studies claim that 40% of hepatic fi-
brosis derived from hepatocytes, but these
data need further confirmation (Gressner and
Gao, 2014).

EMT involves a series of changes through
which epithelial cells lose their epithelial
characteristics and acquire properties of
mesenchymal cells. EMT facilitates cell
movement and the generation of new tissue
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types and also contributes to the pathogene-
sis of disease (Lee et al, 2012). EMT may be
classified into three subtypes. Type 1 EMT:
takes place during embryonic development
and organogenesis. Type 2 EMT: involves
transition of secondary epithelial cells to res-
ident tissue fibroblasts and is associated with
wound healing, tissue regeneration, and or-
gan fibrosis. In contrast to type 1, type 2
EMT is induced in response to inflamma-
tion, but stops once inflammation is attenu-
ated, especially during wound healing and
tissue regeneration (Lo pez-Novoa and Nie-
to, 2009) Type 3 EMT: occurs in carcinoma
cells that have formed solid tumors and is
associated with their transition to metastatic
tumor cells. Hepatic fibrosis is good exam-
ple of type 2 EMT (Lopez-Novoa and Nie-
to, 2009). These different EMT programs
may be induced and regulated by a common
set of stimuli, signal transduction pathways,
transcription factors, and posttranslational
regulations (Zeisberg and Neilson, 2009).
1-Mechanism of EMT: Two key changes
occurring in epithelial cells undergoing
EMT are detachment from neighboring epi-
thelial cells and the migration into the inter-
stitium where they may start producing ma-
trix (Acloque et al, 2009). The molecular
hallmarks of EMT include E-cadherin down-
regulation, responsible for the loss of cell-
cell adhesion and the subsequent detachment
from the parent epithelium; up-regulation of
matrix-degrading proteases that digest epi-
thelial basement membrane; up-regulation
and/or nuclear translocation of transcription
factors underlying the specific gene program
of EMT such as f-catenin, Smads and mem-
bers of the Snail family; denovo expression
of mesenchymal proteins such as fibroblast
specific protein 1 (FSP1) and a-SMA; Ras
(renin angiostensin system) homologous
(Rho) guanosinetriphosphatase (GTPase)-
mediated cytoskeletal reorganization to fa-
vor cell shape changes and to activate mo-
tility; loss of cytokeratin and other epitheli-
al-associated markers; and finally, the pro-
duction of interstitial-type matrix compo-



nents such as collagen types 1 & III and fi-
bronectin (Thiery and Sleeman, 2006; Gua-
rino et al, 2009).

The factors acting on cell surface receptors
seem to play important roles in accomplish-
ing EMT (Yusuf and Brand-Saberi, 2006)
Matrix-degrading proteases, include MMPs,
released from damaged epithelial cells, in-
flammatory cells, or activated myofibro-
blasts possibly initiate the process by dis-
mantling the epithelial basement membrane.
TGF-4 is also known to up-regulate matrix-
degrading MMPs, and thus, it could partici-
pate in basement membrane breakdown
(Xue et al, 2013). The dissolution of the
basement membrane may result in direct
contact between epithelial cells and type |
collagen-rich stromal microenvironment,
which under normal conditions is prevented
by an intact basement membrane. Exposure
to interstitial type I collagen, which epitheli-
al cells do not come into contact with in
normal conditions, as well as to high con-
centrations of TGF-# and other growth fac-
tors present in the interstitial stroma destabi-
lize the epithelial phenotype and encourage
EMT (Keeley et al, 2011). Stimulation of
integrin-linked kinase (ILK) or p-catenin
pathway and activation of the Rho GTPases
could provide additional signals, eliciting
the completion of cell dissociation and in-
ducing the cytoskeleton remodeling needed
for cell reshaping and movement (Guarino et
al, 2009). Transitioning cells liberated from
contact with neighbors and fully equipped
for migration, can leave the epithelium and
translocate into the surrounding interstitium
where they are supported by local stimuli.
Looking like true mesenchymal cells, they
can be initiated to produce new matrix.

2. Molecular events in EMT: 2.1. Central
effector Snail: In most experimental sys-
tems, EMT takes place by cytokine/growth
factor—driven or matrix- driven stimulation
of cell surface receptors (Fig. 1) or by acti-
vation of their downstream signaling media-
tors (Guarino et al, 2009). All lead ultimate-
ly to increased activity of the nuclear tran-
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scription factor Snail, which acts as a master
organizer of EMT by repressing the epitheli-
al genes and activating the mesenchymal
ones (Peinado et al, 2007). Snail is negative-
ly regulated by glycogen synthase kinase-3/
(GSK-3p), which in resting epithelial cells is
maintained in an active state to promote Sn-
ail's nuclear export and its cytoplasmic deg-
radation thereby preventing EMT. In an op-
posite fashion, Snail is positively regulated
by lisyl oxidases (LOXs) that, instead, stabi-
lize Snail thereby favoring EMT (Yusuf and
Brand-Saberi, 2006; Guarino et al, 2009).

2.2. EMT signaling pathways: a. Trans-
forming growth factor (TGF)-. It is an im-
portant cytokine for the induction of the
EMT in liver fibrosis (Bi et al, 2012). EMT
of hepatocytes is dependent on the balance
between apoptotic and survival mechanisms.
The process of EMT requires the action of
MMTs & a TGF-f dependent snail-mediated
down-regulation of E-cadherin both contrib-
uting to the release of epithelial cells from
cell—ell and cell-basement membrane bind-
ing (Jou and Diehl, 2010).

The BMP-7, a member of TGF-£ super-
family, does not only inhibit EMT, but even
induce a mesenchymal—epithelial (retro-)
transition (reverse EMT=MET) (Sugimoto
et al, 2007). BMP-7 has been shown to in-
hibit TGF-$ dependent EMT of hepatocytes
and the progression of experimental fibrosis
in mice (Kisselva et al, 2006). It has, also,
anti-apoptotic properties, anti-inflammatory,
and proliferation-stimulating effects (Wang
and Hirschberg, 2004). BMP-7 inhibits
TGF-f signaling via Smads (Ten Dijke and
Hill, 2004; Neilson, 2005), which transduce
the effect of the latter cytokine from its re-
ceptor, a serine/threonine kinase, to Smad-
binding element of respective target genes in
the nucleus. Also, several trapping proteins
such as the small proteoglycans decorin and
biglycan, latency associated peptide (LAP),
Bambi, KCP (kielinchordin-like protein),
gremlin, and alpha-2-macroglobulin change
the balance between TGF-f and BMP-7 in
favor of an anti-EMT effect by binding and



neutralization of TGF-f (Diaz et al, 2008).
Similarly, the important downstream-modu-
lator protein connective tissue growth factor
(CTGF/CCN2) (Diaz et al, 2008), which is
expressed in hepatocytes, HSC, portal fibro-
blasts, and cholangiocytes (Ten Dijke and
Hill, 2004), changes the functional TGF- S
/BMP-7 ratio (Friedman, 2008). CTGF is
over-expressed in experimental and human
liver cirrhosis mediated mainly by TGF-£,
but also by ET-1,TNF-a, VEGF, nitrogen
oxide (NO), prostaglandin E2, thrombin,
high glucose, and hypoxia (Gressener et al,
2008), CTGF inhibits BMP, but activates
TGF- p signaling by modulation of the re-
ceptor-binding of these ligands (Jou and
Diehl, 2010). The prominent functional role
of CTGF is supported by recent data, which
show sustained anti-fibrotic effects if CTGF
expression is reduced by siRNA (Hernan-
dez-Gea and Friedman, 2011).

The signaling generated by TGF-f is me-
diated by type I & II trans-membrane serine-
threonine kinase receptors and is initiated by
binding of the extracellular TGF-f ligand to
the type II receptor, which recruits the type I
receptor into a heteromeric complex where it
is phosphorylated by the type Il receptor,
resulting in its activation. The activated type
I receptor may then phosphorylate the cyto-
plasmic Smad2 and Smad3 proteins, which
then bind into a heteromeric complex with
the Smad4 protein. This Smad complex then
translocates into the nucleus where it binds
to specific DNA sequence motifs to act as a
transcription factor, and thereby, it activates
expression of target genes including Snail
(Masszi et al, 2003; Guarino et al, 2009).

Smads can also combine with the EMT-
related transcription factor lymphoid en-
hancer factor-1 (LEF-1), which has binding
sites for both P-catenin and Smads, and
thereby, they regulate the transcription of
genes involved in EMT (Bottinger and Bitz-
er, 2002). In addition, Smads also induce the
expression of ILK, a downstream effector of
both TGF-f-generated and matrix generated
signals, which suppresses E-cadherin, up-
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regulates fibronectin and MMP-2, and pro-
motes EMT through stimulation of the f-
catenin pathway (Choi and Diehli, 2013).
Moreover, TGF-f signaling underlies cyto-
skeleton remodeling through the stimulation
of the Rho/Rho kinase (ROK) pathway and
activation of a-smooth muscle actin tran-
scription (Masszi et al, 2003).

b. Extracellular matrix: Extracellular ma-
trix molecules from both basement mem-
brane and interstitium are ligands for the
transmembrane receptor family of integrins.
Integrin-linked kinase is a cytoplasmic ser-
ine-threonine kinase physically interacting
with the cytoplasmic domain of f-integrins
and therefore is in the ideal position for
transducing integrin-mediated signals from
the matrix (Ozaki et al/, 2011). In addition, it
is also stimulated by growth factor—mediated
and cytokine-mediated signals including the
TGF-f/Smad signaling axis (Wells, 2008).
Activated ILK can directly phosphorylate
downstream targets such as the kinase Akt
and GSK-3p, resulting in the inhibition of
GSK-3pB and subsequent up-regulation of
both B-catenin and Snail (Wells, 2010).

c. Wnt/B-catenin: The extracellular Wnt
glycoproteins bind to cell surface receptors
to stimulate intracytoplasmic events that ul-
timately lead to inhibition of GSK-3p and,
therefore, to cytoplasmic accumulation of f-
catenin (Friedman, 2003). In the absence of
a Wnt-mediated signal, most fS-catenin is
bound to E-cadherin in junction complexes,
whereas the non-bound cytoplasmic amount
is rapidly phosphorylated by GSK-34 and
thereby targeted for proteasomal degrada-
tion. When Wnt signaling is activated and,
therefore, GSK-3f is inhibited, f-catenin
accumulates within the cytoplasm and, final-
ly, translocate into the nucleus. These, in
combination with the transcription factor
LEF-1, activates EMT-related genes, includ-
ing those encoding fibronectin, vimentin,
MMPs, and Snail family members (Guarino
et al, 2009). In addition to Wnts, the signal-
ing can be activated by direct stimulation of
Akt or ILK that inhibit GSK-3/ and similar-



ly lead to p-catenin accumulation (Kalluri
and Neilson, 2003) as well as to increased
Snail. The inhibitory action of GSK-3/ on
Snail is counteracted by LOXs which, in-
stead, lead to Snail up-regulation (Peinado et
al, 2007). LOXs are activated by hypoxia
inducible factor-1, a transcription factor
stimulated by hypoxia that has been demon-
strated to induce EMT in hypoxic microen-
vironments including fibrotic lesions (Hig-
gins et al, 2008).

d. Rho GTPases: Most EMT-inducing
pathways, including TGF-f signaling, influ-
ence the activity of the small GTPases of the
Rho family are responsible for the regulation
of cell shape and motility (Kisseleva and
Brenner, 2008). Rho GTPases act as mo-
lecular switches by cycling between inactive
guanosinediphosphate  (GDP)-bound and
active guanosine triphosphate (GTP)-bound
states and, thereby, regulate the dynamics of
the cytoskeleton through the assembly and
disassembly of actin-based structures (Jou
and Diehl, 2010). Rho activates ROK, a ser-
ine-threonine kinase that increases the levels
of phospho-myosin thus stimulating actin-
myosin filament assembly, and therefore,
cellular contractility needed for movement.
This enables the most impressive step of
EMT, the migration of the transitioning cells
from the epithelial into the interstitial com-
partment (Guarino et al, 2009).

3-Hallmarkers of EMT: The conversion of
epithelium into mesenchyme requires altera-
tions in cellular morphology, adhesion, and
migratory capacity. A variety of biomarkers
have been suggested to define all three sub-
types of EMT .These markers include: cell-
surface markers as E-cadherin, cytoskeletal
markers as Beta catenin and several tran-
scription factors & microRNAs (Lee et al,
2012).

3.1. cell-surface-markers: Decreased E-
cadherin (an epithelial marker) expression is
often accompanied by increased expression
of N- cadherin (a mesenchymal marker).
Loss of E-cadherin contributes to EMT both
by modulating cell—cell adhesion and by al-
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tering signaling through the sequestration of
associated cytoplasmic proteins, including
B-catenin (Peinado et al, 2004; Iwatsuki et
al, 2010). E-cadherin maintains cell—cell
contacts and epithelial tissue architecture.
Decreased expression of E-cadherin has
been found in all three types of EMT and is
thought to be the prototypical marker of
EMT (Kalluri and Neilson, 2003). Studies
point to a potentially important mechanism
for the enlargement of the resident pool of
fibroblasts during the fibrotic reaction of the
damaged organ (Guarino et al, 2009). Epi-
thelial cells are adherent cells that closely
attach to each other, forming coherent layers
in which cells exhibit apical-basal polarity.
Mesenchymal cells, in contrast, are non-
polarized cells, capable of moving as indi-
vidual cells because they lack intercellular
connections. EMT describes the process by
which cells gradually lose typical epithelial
characteristics and acquire mesenchymal
traits. MET refers to the reverse process. It
is important to emphasize that EMT/MET
refer to changes in cell shape and adhesive
properties (Lorenzini et al, 2010).

The key epithelial features that are eventu-
ally lost during EMT include typical epithe-
lial expression and distribution of proteins
that mediate cell-cell and cell-matrix con-
tacts, as well as the cytoskeletal organization
that is responsible for normal epithelial po-
larity (Guarino et al, 2009). The key mesen-
chymal characteristics that are ultimately
gained during EMT include the ability to
migrate and invade the surrounding matrix.
This migratory/invasive phenotype requires
induction of mesenchymal filaments, cyto-
skeletal rearrangements, and increased pro-
duction of factors that degrade ECM, as well
as new matrix molecules (Bi ef al, 2012).

3.2. Cytoskeletal markers: There are sev-
eral cytoplasmic proteins that are used as
markers for EMT. B-Catenin is an adhesion
plaque protein that plays a dual role during
EMT. In quiescent epithelium, B-catenin is
located in the cytoplasm and either bound to
cadherin or targeted for degradation (Gavert



and Ben-Ze’ev, 2007). During EMT, B-cat-
enin translocates into the nucleus and func-
tions as a transcriptional activator together
with T cell factor (TCF/ LEF) complex to
regulate the expression of genes associated
with EMT including Snail. Nuclear accumu-
lation of B-catenin has been used as a bi-
omarker for all three types of EMT (Kalluri
and Neilson, 2003; Nawshad et al, 2005).

4. Transcriptional factors and microRNAs:
The alterations in cellular phenotype do not
occur simultaneously. Completion of EMT
(or its reversal) requires a carefully-orches-
trated series of events that eventually lead to
wide-spread changes in gene expression.
This is regulated both at the level of gene
transcription and via various post-transcrip-
tional mechanisms (Kalluri, 2009). One of
the key molecular changes of EMT is de-
pression E-cadherin (Peinado er al, 2007).
Several transcriptional repressors of E-cad-
herin including the zinc-finger protein Snail
(Snail/Slug), ZEB (ZEB1/ZEB2), and basic
helix-loop-helix factors, such as Twist (Mor-
eno-Bueno ef al, 2006). Activation of these
transcription factors leads to the repression
of E-cadherin, the hallmark of EMT (Kalluri
and Neilson, 2003). These proteins function
downstream of the EMT-inducing signaling
pathways activated by TGF-f, fibroblast
growth factor (FGF), hepatocyte growth fac-
tor (HGF), epidermal growth factor (EGF)
(Lamouille et al, 2014). Snail has operated
as a repressor of E-cadherin. Its expression
also increases during liver fibrosis, and its
levels correlate with disease progression
(Scarpa et al, 2011). In addition to E-cad-
herin repression, Snail transcription factors
contribute to other aspects of EMT. Snail
and Slug induce the expression of mesen-
chymal markers and decrease that of epithe-
lial markers (Kalluri and Neilson, 2003;
Lamouille et al, 2014).

MiRNAs are small non-coding RNAs of
18-25 nucleotides that block the translation
or induce the degradation of target mRNA.
Several miRNAs have been shown to direct-
ly target these EMT regulators. MiR-194 is
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normally expressed in gastrointestinal and
liver epithelial cells and has been implicated
in EMT regulation. This miRNA directly
targets the 3’UTRs of several genes, includ-
ing mesenchymal marker N-cadherin, Hepa-
rin binding EGF, and type 1 insulin-like
growth factor, all of which proved to affect
the EMT process (Meng et al, 2010). In ad-
dition, there is an important functional link
between the miR-200 family and ZEB pro-
teins. At the level of transcription, there is
double negative-feedback loop between the
miR-200 family and ZEB proteins (Burk ef
al, 2008).

Twist is another key EMT-inducing tran-
scription factor that plays important roles in
promoting epithelial motility. Li et al.
(2012) found that the expression levels of
miR-214 were markedly decreased in meta-
static intrahepatic cholangiocarcinoma tis-
sues compared with non-metastatic tissues.
Furthermore, inhibition of miR-214, in-
creased transcript levels of Twist, and de-
creased levels of E-cadherin (Dranoff and
Wells, 2010).

MiRNAs can also directly regulate the in-
tegrity of epithelial architecture during the
EMT process. Ma et al. (2010) found that
ectopic expression of miR-9 was able to in-
duce the EMT phenotype, reduce E-cadherin
expression, and increase vimentin expres-
sion. Another consequence of E-cadherin
down-regulation by miR-9 is the activation
of B-catenin signaling; Bf-catenin is normally
located at the cytoplasmic membrane, and
the loss of E-cadherin makes it available for
nuclear translocation and E-cadherin expres-
sion. MiRNAs can also directly regulate the
integrity of epithelial architecture during the
EMT process (Lamouille ef al, 2014).

Conclusion

Liver fibrosis is the excessive accumula-
tion of extracellular matrix proteins includ-
ing collagen occur in nearly all types of
chronic liver diseases, which continues as
one of the major health problem worldwide.
No doubt, liver fibrogenesis is a dynamic
and highly integrated molecular, tissue and



cellular process, potentially reversible, that
drives the progression of chronic liver dis-
eases (CLD) towards liver cirrhosis and he-
patic failure. The trans-differentiation of epi-
thelial cells into motile mesenchymal cells, a
process known as epithelial-mesenchymal
transition (EMT), is integral in development,
wound healing and stem cell behavior, and
contributes pathologically to fibrosis and
cancer progression.
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Fig. 1: Simplified representation of main molecular pathways involved in induction of EMT, including Wnt/f-
catenin, extracellular matrix/ILK, and TGF-f/Smad pathways.
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