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Abstract

Liver injuries are repaired by fibrosis and regenera-
tion. The cause of fibrosis and diminished regeneration,
especially in liver cirrhosis, is still unknown. Epithelial-
mesenchymal transition (EMT) has been found to be
associated with liver fibrosis. The possibility that EMT
could contribute to hepatic fibrogenesis reinforced the
concept that activated hepatic stellate cells are not the
only key players in the hepatic fibrogenic process and
that other cell types, either hepatic or bone marrow-de-
rived cells could contribute to this process. Following an
initial enthusiasm for the discovery of this novel path-
way in fibrogenesis, more recent research has started
to cast serious doubts upon the real relevance of this
phenomenon in human fibrogenetic disorders. The de-
bate on the authenticity of EMT or on its contribution to
the fibrogenic process has become very animated. The
overall result is a general confusion on the meaning
and on the definition of several key aspects. The aim
of this article is to describe how EMT participates to
hepatic fibrosis and discuss the evidence of supporting
this possibility in order to reach reasonable and useful
conclusions.
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Core tip: The cause of fibrosis and diminished regen-
eration, especially in liver cirrhosis, is still unknown. Ep-
ithelial-mesenchymal transition (EMT) has been found
to be associated with liver fibrosis. The possibility that
EMT could contribute to hepatic fibrogenesis reinforced
the concept that activated hepatic stellate cells are not
the only key players in the hepatic fibrogenic process.
The aim of this article is to describe how EMT partici-
pates to hepatic fibrosis and discuss the evidence of
supporting this possibility in order to reach reasonable
and useful conclusions.
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INTRODUCTION

Chronic liver damage can be triggered by different
mechanisms (eg., viral hepatitis, metabolic liver diseases,
or chronic alcohol consumption)"’ and are accompanied
by changes in several key biochemical pathways involved
in hepatic tissue homeostasis. One of the most important
alterations is hepatic fibrosis, which is characterized by
deposition of extracellular matrix (ECM) components
around the sinusoidal layer in the space of Disse, togeth-
er with molecular reorganization of the matrix compo-
nents resulting in an altered compositionm.

Fibrosis is comparable with a wound-healing response
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Figure 1 Mechanisms of hepatic fibrogenesis. A: The proposed sources of hepatic myofibroblasts: Resident cells (hepatic stellate cells and portal fibroblasts);
bone marrow-derived mesenchymal cells, and EMT from hepatocytes and cholangiocytes. Different insults initiate inflammation and then cause hepatocyte stellate
cells activation and hepatocyte and biliary cell damage, necrosis and EMT. Continuous insults will shift those EMT-like cells to complete EMT cells and finally myofi-
broblasts, the main producer of extracellular matrix, which may be one of the main causes of an early loss of regenerative capacity. A similar process also occurs in
biliary cells. Some cytokines play an important role to affect the adjacent cells and promote EMTs, such as TGF-B1 (B); B: Schematic presentation of the major intra-
cellular signal transduction pathways of TGF-B1 in liver fibrosis. TGF-B1 is a chief inducer of the EMT process, and p-Smad2/3, p38 MAPK and ILK function as me-
diators of the intracellular signaling pathway. TGF-B1 signals via heteromeric transmembrane complexes of type | and type Il receptors that are endowed with intrinsic
serine/threonine kinase activity (ALK activin receptor-like kinase). Upon type-Il-mediated phosphorylation of the type | receptor, the activated type | receptor initiates
intracellular signalling by phosphorylating receptor regulated-Smad2 and Smad3. Activated Smads form heteromeric complexes with Smad4 and these complexes ac-
cumulate in the nucleus where they mediate transcriptional responses. p-Smad2/3: Phosphorylated-Smad2/3; MAPK: Mitogen-activated protein kinase; GSK-3f3: Gly-
cogen synthase kinase-3f; ILK: Integrin-linked kinase; TCF/LEF-1 complex: T cell factor/lymphoid enhancer-binding factor-1 complex; EMT: Epithelial-mesenchymal

transition; TGF: Transforming growth factor.

being out of control. Repair mechanisms aim at the re-
placement of injured cells. However, contrary to the pure
regeneration of tissue in fibroplasia, connective tissue
substitutes normal parenchymam. The ultimate result is
organ failure. In the liver, the final common pathway is
cirrhosis, characterized by accumulation of ECM. In hu-
man beings liver fibrosis is associated with dysregulated
growth of hepatocytes and results in the formation of
regenerative nodules, dysplastic nodules, and hepatocel-
lular carcinomas™. At present, no therapeutic concepts
have been developed to treat and reverse fibrosis'”.

Striking increases in our understanding of the patho-
genesis of liver fibrosis include the identification of the
main cellular effectors, key cytokines regulating the EMT

. 3
process, and determinants of ECM turnover”,

FIBROGENESIS OF HEPATIC STELLATE
CELLS, MYOFIBROBLASTS AND
HEPATOCYTES IN LIVER CIRRHOSIS

Recent work regarding liver fibrosis centers on the myofi-

broblast as a pivotal cell type due to its contractile nature
. "G
and synthesis repertmre[ . The sources of myofibroblasts
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are still matters of discussion. Undisputedly, a “myofi-
broblast” phenotype is observed with hepatic stellate cell
(HSC) after exposure to profibrogenic cytokines'”.

Liver myofibroblasts stand for a wide repertoire of
functions that emphasize the dynamic nature of the
wound-healing response, including synthesis of fibrillar
collagens, contractile and migratory activities, secretion
of chemotactic and vasoactive factors, and the secretion
of matrix metalloproteinases (MMPs) and tissue inhibitor
of metalloproteinases (TIMPs)". The origin of myofi-
broblasts in the injured liver is now under scrutiny, al-
though evidence hints at HSCs as a major source”. Myo-
fibroblasts can be derived from local mesenchymal cells
recruited from the bone marrow or could derive from
other cellular sources by EMT, a physiologic process in
embryogenesis and of relevance for cancerous cell trans-
formation'” (Figure 1A).

Studies with animals and human tissue indicate that
bone marrow stem cells infiltrate the liver and contribute
to the myofibroblast population after damage. This may
occur directly or through an intermediary cell, such as
quiescent HSCs or CD45" fibrocytes™. Several studies
have indicated that bone marrow-derived mesenchymal
stem cells could be a source of multi-lineage cells for
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various organs. They have the capacity to differentiate
into hepatocytes, biliary epithelial cells, sinusoidal endo-
thelial cells and even Kupffer cells in the presence of a
suitable hepatic microenvironment' "', There is growing
evidence to suggest that bone marrow-derived stem cells
are recruited during both progression and regression of
liver fibrosis™*".

Most studies in the past decade have focused on
HSCs and analyzed characteristic features like plasticity
and transdifferentiation to myofibroblasts, a phenotype
that can be readily recapitulated in tissue culture”. Cur-
rent concepts envision activated HSCs as a crucial pro-
fibrogenic source, while the majority of hepatocytes are
believed to undergo necrosis or apoptosis, thereby pro-
viding space for proliferating cells. Besides the resident
hepatic cells, infiltrating neutrophils, macrophages, T
and B cells, and eosinophils participate in the inflamma-
tory response and may perpetuate the damage, whereby
activated macrophages and neutrophils clean up tissue
debris, dead cells, and invading organismsm.

HSCs are located in the space of Disse of hepatic
sinusoids between hepatocytes and sinusoidal endothe-
lial cells" as liver-specific pericytes interposed by sparse
connective tissue and closely adhering to sinusoidal en-
dothelial cells"®. They also directly face hepatocytes and
maintain a quiescent phenotype with the main function
to store vitamin A", During liver injury, HSCs lose their
P and undergo activation triggered
by exposure to cytokines and growth factors, such as
platelet-derived growth factor (PDGF) and transform-
ing growth factor (TGF)-B1, which derive from activated
Kupffer cells and damaged hepatocytes. During activa-
tion, HSCs transform into a myofibroblast-like pheno-
typemz}] losing their typical star—shapem, characterized
by the expression of a-smooth muscle actin (SMA) P by
the production of ECM and matrix degrading enzymes,
such as MMPs™ and TIMPs**". Activated HSCs are
thought to migrate from the sinusoids into necrotic areas
and produce a variety of ECM!",

Some authors”” have proposed that HSC could be
transitional cells derived from epithelial cells that have
undergone partial EMT" or even a particular type of
oval cell/hepatocyte precursorm. This hypothesis was
based, at least in part, on the finding of an adult sub-
population of primary rat HSC expressing the progenitor
cell marker CD133 and differentiating into either myofi-
broblasts or hepatocytes when cultured under different z»
vitro conditions"™.

Another source of myofibroblast may be portal fibro-
blasts that are described in fibrotic diseases with a portal
component (e.g., viral hepatitis and autoimmune condi-

vitamin A content

tions)"'!. In coherence with experimental data on hepato-
cytes, TGF-B1 is required for myofibroblast transdiffer-
entiation of this cell typem]. The portal connective tissue
in healthy liver is surrounded by quiescent portal fibro-
blasts, which constitute a second population of liver cells
implicated in portal fibrosis™. Derived from small portal
vessels, they express markers distinct from HSC (e.g., elas-
tin)m]. Proliferation of biliary cells is often accompanied
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by proliferation of portal fibroblasts, which form onion-
like configurations around biliary structures and acquire
a myofibroblast phenotype, and are thus implied in the
early deposition of ECM in portal zones™ . Tt is generally
believed that substantial signaling from biliary epithelial
cells leads to portal fibroblast activation, although the
key factors remain to be identified™”. In complex studies
employing the “lineage tracing” methodological approach
have documented, in different animal models of liver
fibrogenesis, that some hepatocytes or cholangiocytes ac-
quire “mesenchymal markers” implicated in cell motility
and survival, but are not involved in active fibrillar ECM
deposition and, therefore, cannot be considered pro-
fibrogenic cells™,

Dooley ¢ al’’ have provided 7z vitro and in vive
evidence that profibrogenic TGF-B1 functions during
liver damage are directed toward hepatocytes. A TGF-
B1l-induced gene expression profiling of hepatocytes
indicates a minor role of apoptosis and induction of
fibrogenesis- and EMT-related genes. While the definite
occurrence of EMT in this cell type 7 vivo needs further
investigation (eg., by double-transgenic animals express-
ing fluorescent proteins under the control of hepatocyte-
and myofibroblast-specific promoters), their results sug-
gest that hepatocytes and TGF-B1 signaling in this cell
type play a prominent role for fibrogenesis. In patients
with chronic hepatitis B virus (HBV) infection, the ac-
tivation of the TGF-B1 pathway was also shown by the
accumulation of phosphorylated Smad2 in hepatocyte
nuclei. Furthermore, the induction of Snail, a transcrip-
tion factor known to repress E-cadherin expression, and
the co-expression of type I collagen and transferrin in
HBV livers, indicated that hepatocyte EMT was a feature
% Therefore, the hepatocytes
may be a contributor to hepatic fibrosis, especially when

of human liver fibrosis

they are chronically injuredw.

TGF-3/SMAD AND NON-SMAD
SIGNALLING PATHWAY IN LIVER
FIBROSIS

TGF-B1 is recognized as a major profibrogenic cytokine
and is a potent inducer of HSC proliferation and col-
lagen production””. Furthermore, TGF-B1 expression is
also associated with morphologic alterations like EMT in
fetal™ and adult hepatocytesm, and changes in survival
signaling pathways Hl,

TGF-B1 binds to TGF-B1 receptor type II (TbR-1I),
and it recruits the TGF-B1 receptor type I (TbR- )",
TbR- I subsequently phosphorylates Smad2 and Smad3,
which form hetero-oligomers with Smad4. They translo-
cate from the cytoplasm to the nucleus, where they regu-
late transcription of target genesm] (Figure 1B). R-Smad
signaling is limited by the inhibitory effects of inhibitory
Smad6 and 7.

Dysregulated TGF-B1 signaling is implicated in mul-

tiple developmental disorders and various human dis-

. . . . 43
eases, including cancer and autoimmune illnesses'™. Its
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over-expression is linked to liver fibrosis in diverse animal
models™ and in human patients with chronic liver dis-
cases'™. TGF-B1 crucially regulates ECM deposition by
controlling the expression of ECM network components
such as fibrillar collagens and fibronectin, ECM-degrad-
ing protease inhibitors, such as plasminogen activator in-
hibitor (PAI)-1 and TIMPs. Its activity is strongly induced
during chronic liver damage with links between TGF-31
and connective tissue growth factor in the HSC activation
processm, which in turn acquire myofibroblastic features
and produce ECM proteins.

Epithelial cell transdifferentiation comprises altera-
tions in cellular morphology characterized by changes in
cell polarity and loss of adhesion protein expressionm.
TGF-B1 can initiate and maintain this process in a variety
of biological systems and pathophysiological contexts by
activating major signaling pathways and transcriptional
regulators integrated in extensive cellular networks'”. In
MDCKII cells, claudin-1, claudin-2, occludin and E-cad-
herin disappear within 72 h of exposure to TGF-f1.
It is suggested that this expression loss occurs through
a Smad-independent mechanism, involving mitogen-
activated protein kinase kinase and phosphatidylinositol
3-kinase pathways with expression of Snail. On the other
hand, a complete loss of E-cadherin and transition to the
mesenchymal phenotype additionally requires Smad sig-
naling, which results in formation of B—catenin/ lymphoid
enhancer factor-1 complexes that induce EMT™. Partici-
pation of TGF-B1 in the regulation of Notch signaling
has been reported previously at the onset of EMT in
epithelial cells from mammary gland, kidney tubules, and
epidermism]. A set of the previously mentioned genes
and others described to be involved in EMT, including
Snail and Notch2, were identified as TGF-B1 target genes
in hepatocytes. Some studies™” have suggested on he-
patocyte plasticity showing up-regulation of ¢ 1( 1) colla-
gen mRNA expression and type 1 collagen deposition in
mouse hepatocytes and o (alpha) mouse liver 12 cells as a
result of Smad2/3/4-dependent induction of Snail-1.

EMT IN HEPATIC FIBROGENESIS

EMT is a process that is normally evident in embryonic
stages of development and recently has been investi-

gated as a mechanism of cancer cell migration and me-
tastasis” 7. A classification of EMT has been recently
proposed to distinguish between these different types
of EMT. 1t is characterized by the loss of epithelial
characteristics (E-cadherin) and the acquisition of a
mesenchymal phenotype (vimentin and fibronectin)***7,
According to the functional consequences and biologi-
cal context, EMT is divided into three subtypes[53’55’56]:
Type I EMT occurs during embryogenesis, in which it
produces motile cells but does not lead to ECM deposi-
tion or intravascular invasion. Type II EMT induces a
morphogenetic change during organ fibrosis or wound
healing, which is associated with ECM production and
muscle-like characteristics. Type I EMT is involved in

carcinoma-metastatic transition.
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Evidence of EMT in fibrosis was first demonstrated
in the kidney. Ir vitro, adult renal tubular epithelial cells
were shown to undergo EMT"", Thereafter, induction
of renal fibrosis in mice by unilateral ureteral obstruc-
tion (UUO) showed that epithelial marker expression (i.e.,
E-cadherin) was lost in tubular epithelial cells, while the
mesenchymal marker oi-SMA expression was increased™.
A cell tracing method later established that mice submit-
ted to UUO display EMT-derived fibroblasts that con-
tribute to the fibroblastic population[(’o].

Because the liver is an organ prone to fibrosis and be-
cause the origin of fibroblastic cells in fibrotic liver is still
debated, the possibility that liver epithelial cells partici-
pate to fibrosis by EMT is appealing, Such hypothesis was
strengthened by the observation that HSC lines express
E-cadherin, while hepatic epithelial progenitor cells are
positive for o-SMA"!, Kaimori ez a/™ then demonstrated
that freshly isolated hepatocytes were able to convert to
mesenchymal cells 7z vitro. Hepatocyte EMT, character-
ized by a decrease in E-cadherin expression and concom-
itant acquisition of mesenchymal markers (vimentin and
type I collagen), was observed when cells were incubated
with the profibrogenic cytokine, TGF—Blm. Zeisberg and
co-workers were the first to report 7z vivo evidence for
hepatocyte EMT"®. They demonstrated that hepatocyte
EMT was obsetved in CCls induced liver fibrosis by de-
veloping transgenic mice specifically expressing a molecu-
lar tag in hepatocytes (Ze., 3-galactosidase). In these mice
challenged with CCls, 45% of the cells expressing the
mesenchymal marker fibroblast-specific protein-1 (FSP-1)
were also positive for 3-galactosidase expression. Fur-
thermore, the inhibition of the TGF-f1 pathway limited
the extent of liver fibrosis in the CCl-injected mice™”. In
vitro TGF-B1 treatment induced higher vimentin expres-
sion in cirrhotic liver-derived hepatocytes than in normal
liver-derived hepatocytesm. Taken together, these results
suggest that hepatocyte EMT is triggered by TGF-B1 and
contributes to liver fibrosis. Some studies have proposed
that EMT leads to myofibroblast accumulation through a
two-stage process. In the first stage, epithelial cells adopt
a mesenchymal phenotype, whereas in the second stage
these mesenchymal cells further transition to myofibro-
blasts as part of what has been termed an epithelial-to-
myofibroblast transition (EMyT)"* %,

Substantial experimental evidence supports the oc-
currence of EMT in embryonic development and tumor
metastasis, processes in which the motility phenotype of
the transitioned cells is essential”™****. For tissue fibrosis,
however, there are conflicting data on whether or not
EMT occurs”®”. Many studies of EMT in fibrosis have
failed to define EMT rigorously or to differentiate be-
tween the transition to a mesenchymal (EMT) »s a myofi-
broblast (EMyT) phenotype. Type I collagen expression
is the most direct measure of fibrogenesis, and the litera-
ture suggests that o-SMA-positive cells are the primary
effectors of ﬁbrogenesisﬁs’@’()&()()]. Nevertheless, surrogate
fibroblast markers have often been used to identify EMT,
most notably FSP-1, despite some data suggesting that it

. .~ [68,70,71]
1s nonspecific .
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Mendez e al™ examined the expression of four dif-
ferent mesenchymal markers, including FSP-1, vimentin,
o-SMA, and procollagen [ . Their lack of colocalization
with yellow fluorescent protein (YFP) in the setting of fi-
brosis supports the conclusion that in these models EMT
does not contribute to fibrosis. The complete absence of
its colocalization with YFP in their study suggests that
liver epithelial cells do not transition to either mesenchy-
mal cells or myofibroblasts in the mouse models exam-
ined.

The hypothesis of hepatocyte EMT contributing to
liver fibrosis has been also challenged by a cell lineage
strategy in mice!”. A lineage tracing study in which
B-galactosidase was expressed under the control of the
hepatocyte marker albumin in transgenic mice expressing
a collagen marker provided strong evidence against hepa-
tocyte EMT in the CCls model of fibrosis'”. Triple trans-
genic mice with permanent cell labeling were produced
to track hepatocyte-derived cells and type I collagen-
expressing cells. Hepatocytes isolated from these triple
transgenic mice were able to undergo EMT in culture
when incubated with TGF-B1. However, in mice chal-
lenged by CCl4, no cells exhibited a double labeling spe-
cific for both hepatocytes and collagen expressing cells™.
These observations also suggest that hepatocytes may
not undergo EMT i vivo, while the observed transition i
vitro might be an experimental artifact.

EMT IN CHOLANGIOCYTES

The assumption that liver epithelial cells undergo EMT
in liver fibrosis cannot however be ruled out for biliary
epithelial cells. Indeed, biliary epithelial cell EMT could
represent a cellular mechanism supporting histological

observations'”. For instance, primary biliary cirrhosis
(PBC), a prototypical biliary-type liver disease, is charac-
terized by both the loss of biliary epithelial cells and the
concomitant development of periportal fibrosis.

The bile duct basement membranes undergo deg-
radation in fibrogenic liver diseases and that cholangio-
cytes, the other major hepatic epithelial cell type, assume
fibroblast-like, non-cuboidal shapes. Therefore, it became
obvious that the next step was to investigate whether or
not biliary cells could undergo EMT in chronic liver dis-
case””. Tt is well established that proliferating cholangio-
cytes within the so-called “ductular reaction” (i.e., “reactive
cholangiocytes”), detectable in all types of chronic liver
disease, express a variety of pro-fibrogenic growth fac-
tors and cytokines and are likely to contribute to fibrosis
and inflammation by promoting activation, proliferation,
and collagen synthesis in the surrounding pro-fibrogenic
cells"®. Nevertheless, the possibility of a direct contri-
bution of cholangiocytes to fibrosis zia EMT was sug-
gested by Omenetti and his Colleagues[sﬂ showing i vitro
a complete EMT in an immature cholangiocyte cell line
treated with activated HSC conditioned medium.

Biliary epithelial cell EMT was confirmed by another
study analyzing liver of patients with PBC, primary scle-
rosing cholangitis or alcoholic liver disease. Irrespective
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of the underlying ctiology, biliary epithelial cells from
ducts associated with the ductular reaction were posi-
tive for FSP-1 and vimentin™. In biliary atresia, a dis-
ease defined by a destructive inflammatory obliterative
cholangiopathy with portal tract fibrosis and ductular
proliferation[w, biliary epithelial cells were shown to ex-
press FSP-1 and vimentin, while hepatocytes were not.
Moreover, the authors of this study show that the expres-
sion of mesenchymal markers in biliary epithelial cells is
observed in all liver disease with a ductular proliferation
component™. The common bile duct ligation (BDL) is
an experimental liver fibrosis model that induces strong
ductular reaction. In mice submitted to BDL, biliary epi-
thelial cells undergo EMT as shown by o-SMA and type
I collagen expression[gs]

Evidence of cholangiocyte EMT was recently chal-
lenged with the lineage-tracing methodology previously
used for the investigation of hepatocyte EMT? Along
these lines, Scholten and the colleagues[%] employed the
Cre-Lox technology for lineage tracing and studied sev-
eral mouse strains expressing Cre under cholangiocyte-,
HSC-, or FSP-1-specific promoters in two established
models of liver fibrosis, ze., chronic CCls intoxication and
common BDL. In this case the fundamental experiment
was tracing the fate of cells expressing K19, a bile ductu-
lar cell-specific marker, after permanent genetic Cre-me-
diated labeling of cholangiocytes. The key result of this
study was that, although myofibroblast markers were of-
ten found in the close proximity of the K19+ progeny of
cholangiocytes, the two signals never overlapped in either
CCl4 or BDL fibrosis. Based on these and other observa-
tions reported in the paper, the authors concluded that
cholangiocyte EMT does not occur in their experimental
models.

It may be that in human livers EMT occurs in cirrho-
sis, a state not well modeled in rodents, and may require a
florid ductular reaction, which is also pootly mimicked by
rodent models. Alternatively, this discrepancy may reflect
the limitations of immunohistochemistry-based lineage-
tracing methodologym. Future work should focus on
better understanding the direct contribution of dysfunc-
tional epithelial cells to liver fibrosis, as well as determin-
ing the mechanistic relationships between fibrogenesis
and the progenitor cell activation characteristic of the
ductular reaction. This will ultimately require the devel-
opment of animal models of biliary fibrosis that better

reflect human disease!®”.

SPECIFIC CELLULAR MARKERS IN EMT

The most widely used marker identifying myofibroblasts
is the cytoskeletal protein «a-SMA that is a part of the
contractile machinery and is involved in cell motility””. In
adult normal tissue, o-SMA expression is mostly restrict-

ed to vascular smooth muscle cells, but in most chronic
inflammatory and fibrogenic disease states, it is often
found in myofibroblasts of different detivation, and this
expression is interpreted as an active involvement of
these cells in fibrogenesis (z.e., “activated myofibroblast”).
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Table 1 Useful biomarkers for identifying epithelial-

mesenchymal transition

Biomarkers Myofibroblast Hepatic Hepatocyte Cholangiocyte

stellate cell

a-SMA'
Vimentin'
Desmin'
ICAM-1
Collagen type IV
Fibronectin
Fibulin-2

IL-6 mRNA
NCAM
Synaptophysin
Neurotrophin
Neural growth

+ o+ o+ + o+ o+

+ o+ o+ o+ o+ o+ o+ + o+
\
\
\

factor
aB-crystalline
Tyrosine kinase
FSP-1'

HSP47'

CD95L -

+ o+ o+ o+

+
a2-macroglobulin - ¥

P100 - + - -
Reelin - +

Fascin - +

E-cadherin - -
Cytokeratin - -
K19 - - -
Albumin -
Slug'
Twist'
Snail"

+ + o+
N N N L
\
\

'Previously proven markers associated with epithelial-mesenchymal
transition. a-SMA: a-smooth muscle actin; ICAM-1: Intercellular adhesion
molecule-1; IL-6: Interleukin-6; NCAM: Neural cell adhesion molecule;
FSP-1: Fibroblast-specific protein-1.

Accordingly, a-SMA cannot be a good lineage marker
since its expression is activated by disease states and, in
addition, does not denote function. Regardless of this,
there is supportive evidence that epithelial cells express
intermediate filaments such as o-SMA and vimentin fol-
lowing tissue injury[4’87].

A multitude of studies have shown that epithelial
cells, including hepatocytes, when cultured 7 vitro retain
epithelial features including polarity and specific pro-
tein expression (ze., albumin for hepatocytes), but when
chronically stimulated with TGF-B1 or serum factors
acquite a pattern of gene expression that is somehow
typical of myofibroblasts 7z vivo and in the mesenchyme
during development™*”", These genes are often repre-
sented by Slug, Twist, Snail, a-SMA, vimentin, desmin,
FSP-1, and discoidin domain receptor tyrosine kinase 2.
Some of these markers have been used to identify epithe-
lial cells that are in the midst of undergoing an EMT as-
sociated with chronic inflammation. These cells continue
to exhibit epithelial-specific morphology and molecular
markers, such as cytokeratin and E-cadherin, but often
show the concomitant expression of the FSP-1 and
a-SMA. These aspects have been proposed to represent
the intermediate stages of EMT, when epithelial markers
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continue to be expressed but new mesenchymal markers
have already been acquired, and, overall, these observa-
tions have led to the notion of the so-called “partial
EMT®,

Previous work has demonstrated in a2 model of fetal
hepatocytes that TGF-B1 treatment induces EMT-like
morphologic changes in 50%-60% of the hepatocyte
population, whereas the remaining hepatocytes undergo
apoptosisl38’4oj. This means that EMT can be elicited by
several oncogenic pathways (Stc, Ras, integrin, Wnt/
B-catenin and Notch)”. In particular, Ras-MAPK has
been shown to activate two related transcription factors
known as Snail and Slugm]. Both of these proteins are
transcriptional repressors of E-cadherin and their expres-
sion induces EMT.

Chronic liver damage leads to fibrotic degeneration
of parenchyma, characterized by the formation of fi-
brotic septa. Except for HSCs, portal myofibroblasts can
produce collagen in the liver™, Although both cell types
show similar expression patterns of intercellular adhesion
molecule-1, desmin, vimentin, collagen type 1V, fibro-
nectin, and a-SMA, several differences between them
have also been observed”. For instance, cultured portal
myofibroblasts are positive for fibulin-2 and interleukin-6
mRNA, whereas CD95L, a2-macroglobulin, P100, and
reelin are exclusively expressed by activated HSCs™ ™,
In addition, neural cell adhesion molecule, synaptophy-
sin, neurotrophin, neural growth factor, aB-crystallin,
and tyrosine kinases are markers that distinguish HSCs
from portal myofibroblasts”'"". Experiments using these
markers have shown that myofibroblastic cells in fibrotic
septa strongly resemble portal myofibroblasts, that they
may originate and migrate from the portal tract, and that
they are different from sinusoidal HSCs'"”.

Uyama ¢f al'” found that fascin is present in intra-
lobular sinusoidal areas, but not in the periportal areas or
fibrotic septa of the human liver. In addition, the local-
ization of fascin in the sinusoidal area is similar to that of
vimentin. They concluded that fascin was localized in hu-
man HSCs, but not in (myo)fibroblasts of the periportal
area or fibrotic septa.

Evidence favoring biliary EMT comes largely from
immunohistochemical studies of fibrotic human and
rodent livers that identified cholangiocytes coexpressing
epithelial markers (especially the cholangiocyte marker
K19) and mesenchymal markers (i.e., FSP-1, vimentin,
and HSP47)!Y. Table 1 shows the summary of useful
biomarkers for identifying EMT.

CONCLUSION

The pathogenesis of liver fibrosis is now better under-
stood than ever before. It is increasingly recognized that

the fibrogenic cells in the liver are heterogenous in both
their formation and their behaviour.

EMT is an established process in embryo develop-
ment and plays an important role in liver fibrosis. Discus-
sions now arise on the involvement of EMT in organ
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fibrosis. The possibility that EMT could contribute to he-
patic fibrogenesis in chronic liver diseases reinforced the
concept that activated HSCs are not the only key players
in the hepatic fibrogenic process and that other cell types,
either hepatic or extrahepatic (bone marrow-derived cells
and circulating fibrocytes) could contribute to this pro-
cess. The presence of cells expressing both epithelial and
mesenchymal markers suggests that EMT is a feature of
liver fibrosis, however the ability of these cells to produce
ECM 71 vivo has not yet been documented.

Therefore, the knowledge relative to the interpreta-
tion of what is defined as EMT in chronic fibrogenic
disorders of the liver represents a scientific treasure that
has prompted discussion, animated debates and has
ultimately provided further maturity in this field of re-
search. Definitely, there is now need for a more insightful
analysis of the real pathophysiological meaning of these
observations beyond their morphologic and biological
features. Nevertheless, the future holds great promise for
EMT as a viable therapeutic target.

EMT research in the next few years promises to be
exciting, as new mouse models and molecular probes are
identified to address the identities of the EMT-inducing
microenvironmental signals, the nature of the cellular
response of such signals and signaling machinery within
epithelial cells.

Future research will surely be required on uncovering
the origin of all fibrogenic cells within the liver and the
molecular similarities and differences among the EMT
programs.
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