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Abstract

Background The cellular origin of myofibroblast in the
liver fibrosis remains unclear. This study was designed to
investigate whether biliary epithelial cells (BECs) under-
going epithelial-mesenchymal transition (EMT) might be
found in patients with biliary atresia, thereby serving as a
source of fibrotic myofibroblasts.

Methods Liver sections from patients with biliary atresia
were evaluated to detect antigen for the BECs marker 4 and
cytokeratin-7 (CK-7), proteins (fibroblast-specific protein
1, also known S100A4; the collagen chaperone heat
shock protein 47, HSP47) characteristically expressed by
cells undergoing EMT, as well as myofibroblasts marker
a-smooth muscle actin (a-SMA).

Results Normal bile ducts BECs could express CK-7 and
low levels of a-SMA; they did not express S100A4 and
HSP47. However, BECs from biliary atresia resulted in
increased expression of a-SMA, S100A4, with concurrent
transition to a fibroblast-like morphology and decreased
expression of AK-7. Furthermore, BECs in biliary atresia
were associated with significant bile ductular proliferation
and coexpressed both epithelial and mesenchymal markers.
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Introduction

Biliary atresia is the most common progressive liver dis-
ease of infancy, causing atresia of the major extrahepatic
and intrahepatic biliary ducts that lead to cirrhosis [1].
Damage to the small- and medium-sized intrahepatic bile
ducts is a characteristic feature of biliary atresia and gen-
erally evokes a compensatory repair response that involves
expansion of portal tracts with proliferating bile ductules
even at end-stage [2]. With time, the fibroproliferative
response bridge adjacent portal areas and culminate in
biliary cirrhosis. Thus, chronic cholestatic liver damage
results, at least in part, from unsuccessful repair of biliary
injury [3].

During chronic fibrogenesis, the matrix deposition from
myofibroblasts are thought capable of matrix synthesis.
Epithelial-mesenchymal transition (EMT) is a well-
recognized mechanism for forming myofibroblasts in
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injured tissues [4, 5]. Itis a process in which mature epithelial
cells lose the appearance, cell-cell contacts, and unique
protein expression patterns of epithelia such as E-cadherin
and 4 and cytokeratin-7 (CK-7), and at the same time acquire
the phenotypic characteristics of mesenchymal cells and
fibroblast markers including S100A4 (the human homologue
of fibroblast-specific protein-1 [FSP-1]), vimentin, matrix
metalloproteinases (MMP) 2 and 9, and a-smooth muscle
actin (aSMA) [6]. Immunostaining of serial liver sections
from patients with primary biliary cirrhosis (PBC) demon-
strated expression of vimentin and other mesenchymal
markers in proliferating biliary epithelial cells (BECs)
within fibrotic portal tracts [7, 8]. This lead the authors to
propose that EMT may also play a role in the pathogenesis of
biliary fibrosis during biliary atresia. Because the develop-
ment of hepatic fibrosis in biliary atresia is more rapid and
aggressive than any other disorder in adults and there is
pronounced early bile ductular proliferation in this disease,
we hypothesized that BECs in biliary atresia undergoing
EMT would potentially explain the rapidity of the portal
fibrosis and biliary cirrhosis. Demonstration of the contri-
bution of EMT to hepatic fibrosis observed in biliary atresia
may suggest a new basis for understanding their pathogen-
esis and potential novel treatment to promote normal
re-epithelialization of the injured biliary tree.

This study was designed to determine whether BECs in
biliary atresia undergoing EMT are the cellular source of
increased collagen production in infants with biliary atresia
by analyzing liver samples from surgery. Sections from
patients with biliary atresia and a variety of other chronic
cholestatic diseases were then examined by immunohisto-
chemistry to provide evidence for significant EMT in bil-
iary atresia.

Materials and Methods
Liver Tissue Collection and Patient Characteristics

Liver biopsies were obtained from chronic cholestatic
patients who were referred to the affiliated hospital of
Chongqing Medical University, Chongqing, P. R. China,
with detailed clinical data. All subjects were ethnic
Chinese. This study was performed according to a proto-
col approved by the Institutional Review Board of the
Chongqging Medical University, Chongqing, People’s
Republic of China in accordance with the ethical standards
prescribed by the Helsinki Declaration of the World
Medical Association. Written informed consent was
obtained from the parents prior to specimen collection.
The study consisted of 16 patients with pathologically
confirmed biliary atresia (perinatal form) during Kasai
portoenterostomy. Patients were excluded if they had any
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virus infection, including hepatitis B surface antigen
positive, the human immunodeficiency virus, were CMV
positive, or had renal failure or hepatocellular carcinoma.
Additionally, these patients would be excluded if they were
receiving experimental treatment trial or were unable to
have regular hepatic function assessments. Control liver
tissues were obtained from cholestatic disease patients with
comparable age to the BA patients (cholestatic controls),
including infants who had severe cholestasis requiring
intraoperative cholangiogram to rule out biliary atresia
(neonatal hepatitis, n = 5). Cholestatic disease was chosen
because of clinical and histologic similarities. Non-chole-
static (normal) controls included five percutaneous liver
biopsy under general anesthetic. All diagnoses were based
on clinical and laboratory data and on histopathological
examination of histological samples.

Among the 16 patients, extrahepatic bile duct remnant
tissues and wedge liver biopsies were obtained from BA
patients at the time of the Kasai procedure, termed as
hepatoportoenterostomy biopsies. All the patients were
referred for living-related liver transplantation assessment
because of progressive liver disease; the liver biopsies were
obtained from the excised livers, termed as post-hepato-
portoenterostomy biopsies. Normal pediatric samples were
obtained from autopsies in cases where the cause of death
was unrelated to the liver. At the time of the liver biopsy,
all the surgical samples were divided into two portions.
A portion was placed in 10% neutral buffered formalin,
fixed overnight, and embedded in paraffin for routine his-
tological examination and immunohistochemistry. Part of
samples were simultaneously placed in OCT freezing
media or wrapped in aluminum foil, snap-frozen in liquid
nitrogen, and stored at —70°C until analysis. Portal, peri-
portal and lobular fibrosis were determined in a blinded
fashion on all liver biopsies by an experienced liver
pathologist.

Immunohistochemistry

For immunohistochemical cellular colocalization of epithe-
lial and mesenchymal markers, formalin-fixed, paraffin-
embedded liver tissue samples were obtained and sliced.
Contiguous 3-pm formalin-fixed, paraffin-embedded sec-
tions were first submitted to rehydrate by incubating suc-
cessively in 100, 90, and 70% ethanol. Heat-induced epitope
retrieval was performed in 10 mM citric acid (pH 6.0) in a
1,200-Watt microwave oven at 90% output. Endogenous
peroxidases were blocked with 2% hydrogen peroxide
followed by avidin/biotin blocking (Vector Laboratories,
Inc, Burlingame, CA) and nonspecific antibody binding
(Protein Blocking Agent, Coulter-Immunotech, Fullerton,
CA). For single labeling, antibody incubations and detection
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were carried out with the primary antibody at appropriate
dilutions overnight at 4°C. Immunohistochemistry was
performed using the following antibodies: S100A4 (1:80
dilution, mouse clone, Santa Cruz Biotechnology Inc., Santa
Cruz, CA) and CK-7 (1:40 dilution, mouse clone, Santa Cruz
Biotechnology Inc., Santa Cruz, CA). Next, the tissue sec-
tions were incubated with a 1:300 dilution of biotinylated
secondary antibodies (goat antimouse immunoglobulins,
Shanghai Sangon Biotech, Shanghai, China) for 30 min.
After development of the color with diaminobenzidine, the
slides were counterstained with hematoxylin. Appropriate
positive and negative control slides were run in parallel with
study slides, which included an isotype-matched immuno-
globulin at the same concentration as that of the primary
antibody. Slides were dehydrated through serial ethanol
washes, cleared in xylene, and mounted. Slides were visu-
alized using a Nikon E600 microscope (Nikon, Melville,
NY) at x400, and images were captured with a cooled
charge-coupled device camera (Magnafire; Olympus)
equipped with a MicroColor liquid crystal for color imaging.
Captured images were imported into Adobe Photoshop
(Adobe Systems) as TIFF files. For quantification, 20 high-
power fields were examined for each tissue slide for each
patient (n = 3). Cells with cytosol/membranes that strongly
stained for CK-7 or S100A4 were considered to be positive.
All slides were independently analyzed by two blinded
researchers.

Double-Label Immunofluorescence

To study coexpression of different markers in the different
reactive cellular elements, dual immunofluorescence stain-
ing was performed on cryosections (4 pum) by using different
combinations of antibodies. Samples were fixed and per-
meabilized, saturated, and processed for immunostaining
with primary fluorescein isothiocyanate (FITC)-labled
antibody S100A4 and cytokeratin-7 (CK-7; Santa Cruz
Biotechnology Inc., Santa Cruz, CA). Following 1-h incu-
bation at room temperature with FITC-conjugated antibody,
tissue sections were rinsed and then incubated with the
secondary antibody (dilution, 1:20; incubation, 30 min;
DAKO). Antigen retrieval was then performed by heating
the filters in an antigen-unmasking solution (Vector), cool-
ing slowly, and rinsing. Tissue sections were then incubated
for 45 min with the second primary antibody, including
vimentin (dilution, 1:40), aSMA (dilution, 1:40), and HSP47
(dilution, 1:80) antibody (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA). After extensive washing, the slides were
incubated with the secondary antibody Texas Red-conju-
gated horse anti-mouse (dilution, 1:20; incubation, 30 min;
Vector Laboratories, Burlingame, CA). Counterstaining
with 4_,6-diamidino-2-phenylindole (DAPI) was employed
to demonstrate nuclei.

To decrease background fluorescence in formalin-fixed
tissue, the sections were incubated in 0.3% Sudan Black for
10 min at room temperature followed by four washes in
TBS before mounting. Filters were then rinsed, mounted on
slides using Vectashield mounting medium (without pro-
pidium iodide), and coverslipped. In control experiments,
the order of primary antibodies was switched to confirm the
specificity of labeling (not shown). As a negative control,
the primary antibody was replaced with nonimmune IgG
for the second staining step, and no staining confirmed the
specificity of the secondary antibody. In addition, sequen-
tial sections of some samples were single stained to con-
firm double-staining data.

Immunofluorescence-labelled preparation sample images
were analysed using the Leica DMRA2 microscope (Leica
Microsystems Inc., Bannockburn, IL). For two-colour
labelled specimens, the fluorochromes were sequentially
imaged to avoid possible ‘crosstalk’ between the two emis-
sion spectra. The areas of interest were selected and spectral
unmixing was accomplished by using Nuance software
v1.42 (Cambridge Research and Instrumentation, Inc.) with
pure spectral libraries of individual chromogens. Images
were collected using a digital camera (Nikon) and analyzed
by Photoshop 5.0 software (Adobe, San Jose, CA). For
quantification, the total number of cells positive for epithelial
marker (S100A4) was counted by dividing the number by a
specific second marker in each field.

Results

Histopathological Assessment of Biliary Atresia
Pre- and Post-Kasai Hepatoportoenterostomy

The patients with biliary atresia, cholestatic controls and
normal controls were analyzed and had conjugated hyper-
bilirubinemia and elevated serum GGTP levels. Table 1
presents demographic data and serum bilirubin and GGTP
values from each patient group. Because the extrahepatic
bile duct is the primary target in biliary atresia, extrahe-
patic bile duct remnant tissues as well as liver tissue were
investigated.

The presence of periportal and bridging fibrosis was
documented by H&E and Hematoxylin/van Gieson staining
of a portion of each tissue specimen collected, as shown in
Fig. 1. Among them, 16 patients were examined both pre-
and post-Kasai procedure. Histology of cholestasis from
biliary atresia and liver disease other than BA revealed
enlarged bile duct surrounded by excessive collagen pro-
tein deposition and bile plugs. Extensive periductal cana-
licular and cellular biliary stasis and bile duct hyperplasia
with expanded portal tracts was observed within the portal
tracts and extrahepatic bile duct remnants (data not shown)
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Table 1 Summary of perioperative characteristics based on recipient previous Kasai operation

Choledochal cysts (N = 3)

Neonatal hepatitis (N = 5) Normal (N = 5)

Characteristics Biliary atresia (N = 13)

Age (month) 2.89 + 3.12 10.27 £+ 4.32
Weight (kg) 54+ 14 74+ 26
TB (2.0-20), umol/L 216 + 103 68 + 34

DB (0-4), umol/L 169 + 82 33 £ 21
yGT (0-50), U/L 269 + 166 162 + 76
Albumin (33-52), g/L 31+9 37+9

3.89 +£3.12 8.89 £+ 11.67
72 +£38 6.6+ 19
126 £ 58 89+ 21

78 £ 45 25+£12
154 + 87 36 £ 24

36 £ 11 41 £ 8

TB total bilirubin, DB direct bilirubin, yGT gumma glutamyl transferase

Values are given as mean =+ standard deviation

Fig. 1 Representative
hematoxylin and eosin stain of
liver from BA and control
tissue. Hematoxylin/van Gieson
stain at the time of Kasai
procedure (a) and transplant
(b) demonstrating a portal tract
with bile duct proliferation and
fibrosis (pink) extending into the
parenchyma. The degree of
fibrosis is similar in samples
taken at the time of Kasai
operation and transplant in
which matched specimens were
examined. Serial section from
control subjects (¢, neonatal
hepatitis) and normal control
(d) stained with hematoxylin/
van Gieson demonstrating mild
portal tract fibrosis and no
significant fibrosis, respectively.
Original magnifications: x240
(a—d). (Color figure online)

of BA patients. Fibroblastic cells were seen particularly in
the extracellular matrix surrounding both portal tracts and
hyperplastic bile ducts, and within fibrous septa bridging
between portal tracts.

Mild to severe portal tract cirrhosis in all biopsies was
examined, including pre- and post-Kasai hepatoportoent-
erostomy livers. Eight patients had fibrosis of moderate
severity and five patients had severe fibrosis. The severity
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of limiting plate disruption was variable and was not
associated with the severity of established fibrosis. Only
one patient showed a decrease in the severity of fibrosis
and hence in the number of hyperplastic bile ducts and
within fibrous bridging septa after Kasai hepatoportoent-
erostomy. The remainder of cholestatic controls revealed
the usual spectrum of cholestasis, bile duct proliferation,
steatosis, and portal fibrosis (Fig. 1). Five biopsies from
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control tissue revealed no significant fibrosis, of which five
revealed steatosis only.

Evidence of EMT During Liver Fibrosis

It has been implicated that certain epithelial cells in injured
livers undergo epithelial-to-mesenchymal transition (EMT)
and move into the hepatic mesenchyme where they exhibit
fibroblastic features [9]. To test for the role of EMT in the
formation of fibrosis in BA tissue, we examined liver and
sections for expression of S100A4, a marker of fibroblastic
transformation of epithelial cells. Bile duct epithelium were
identified by characteristic vessel formation and confirmed

Fig. 2 A representative series
of immunohistochemical results
from liver tissues of patients
with BA, neonatal hepatitis, and
normal controls showing
expression of CK-7 and
S100A4.
Immunohistochemistry for
CK-7 expression (expected
deeply-brown) in liver sections
from a child with BA
demonstrating expression of
CK-7 in BECs forming a small
intrahepatic bile duct,
hyperplastic bile ductules in
expanded portal tracts and at the
growing margin of the scar
tissue formation (a). S100A4
immunohistochemistry of liver
sections demonstrated an
S100A4-expressing epithelial
cell (brown) within a ductule
together with S1I00A4
expression within fibroblast-like
cells localized in the interstitial
compartment (b) from BA and
nonspecific faint brown
cytoplasmic staining from
neonatal hepatitis (¢) and
normal liver tissues (d).
Original magnification x360
for a, x360 for (b—d). (Color
figure online)

by cytokeratin 7 staining (Fig. 2a). The livers of cholestatic
patients showed clear expression of S100A4 within BECs of
small and medium-sized bile ducts, as well as adjacent
stroma (Fig. 2b). The small bile ducts instead of medium-
sized bile ducts in sections with cholestatic controls
expressed low levels of S100A4 (Fig. 2c) indicating a
response to non-specific damage. Matched serial sections in
controls showed no expression associated with the epithelial
cells (Fig. 2d), except for occasional immune cells.

To verify that this mesenchymal marker was truly
expressed by epithelial cells, the intermediate phenotype
were investigated to observe double immunostaining for
S100A4 and CK-7, which define a potentially motile
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population of cells with an epithelial phenotype undergoing
localised EMT during chronic cholestatic liver disease in
humans. Sections of normal human liver showed clear,
localised expression of CK-7, defining the epithelial cells
lining the intrahepatic bile ducts (Fig. 3). There were no
merged signals among ductular cells or the surrounding
tissues to suggest EMT activity in the normal liver at the
time of tissue acquisition. Coexpression of S100A4 and
CK-7 (Fig. 3) was confirmed in bile ducts and in the

ductular reaction within the cholestatic tissue (about
30-50% of CK-7-positive ductular cells) and revealed a
mixture of epithelial and interstitial cell reaction products
amidst this injured tissue. Gain of SI00A4 expression also
coincided with decreased staining for the epithelial marker
CK-7 (Fig. 3). There was evidence of biliary epithelium
undergoing disaggregation in an obstructed biliary duct
stained yellow on merged color under confocal micros-
copy (white arrow). Some of these S100A4-expressing

Fig. 3 Double immunofluorescence staining showed the localization
of CK-7 (green, left column) and S100A4 (red, center column) in the
liver sections from liver tissues of patients with BA, neonatal hepatitis
and normal controls. Merging of CK-7 and S100A4 staining is
presented yellow in the right column. Colocalization of CK-7 and
S100A4 is clearly evident in the bile duct epithelium of BA patients.
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The arrow denotes a cluster of cells that retained bile duct epithelial
cell appearance, but lost CK-7, and were S100A4-positive. Patient
samples included normal control from percutaneous liver biopsy a—c;
neonatal hepatitis, samples intraoperative cholangiogram d-f; and
biliary atresia, samples from Kasai operation g—i. All photos were
taken at original magnification x240. (Color figure online)
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Fig. 4 Colocalization of the bile duct epithelial marker CK-7 (green,
left column) and myofibroblast marker a-SMA (red, center column)
were indicated in the right column. A small bile duct confirms no

transitional epithelial cells also began to take the shape of
fibroblasts, which could penetrate the matrix and migrate
out of the ductular structure.

We also co-stained biliary atresia livers with CK-7 and
«-SMA, but did not observe marker colocalization,
although multiple «-SMA-positive cells lay at the growing
margin of the scar tissue formation, where the stellate-
shaped morphology of myofibroblasts were clearly present
(Fig. 4). This suggests that cells at this stage will have lost
epithelial markers.

coexpression of CK-7 and aSMA with samples from both BA
(a—) and neonatal hepatitis (d—f). Original magnification x360.
(Color figure online)

Demonstration of EMT-Derived Fibroblasts in Fibrotic
Liver Tissue

In order to identify the cellular source of increased collagen
leading to hepatic fibrosis in BA, liver biopsies were further
examined histologically to identify the contribution of bile
duct epithelium-derived fibroblasts to the overall activated
fibroblast population. Figure 5a demonstrates increased
numbers of morphological fibroblastic cells surrounding
the same enlarged bile duct, showing co-localization of

Fig. 5 Evidence for EMT in BA with bile duct proliferation. Liver
tissue was examined for evidence of EMT by coexpression (yellow) of
S100A4 (green) with vimentin, aSMA, and HSP47 (red), respectively.
Colocalization is seen in BECs in BA in which there is bile duct
proliferation (yellow). a Coexpression (yellow) of SI00A4 (green) and

vimentin. b Coexpression (yellow) of SI00A4 (green) and aSMA (red).
¢ Coexpression (yellow) of S100A4 (green) and HSP47 (red).
Magnification, x200 for a, x360 for b, x100 for d. (Color figure
online)
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S100A4 (green) and vimentin (red), the early marker for
the development of hepatic fibrosis in these patients, in
the identical region of increased collagen protein deposi-
tion. The bile ducts in sections from normal controls
were negative for both S100A4 and vimentin (data not
shown).

Because it is difficult to directly determine which cells
in a fibrotic reaction contribute to interstitial collagen
production by measuring intracellular collagen synthesis in
vivo, we used the surrogate marker HSP47, recognizing
Xaa-Arg-Gly motifs in the collagen triple helix, which
abundantly increases to chaperon type I collagen molecules
in cells actively engaged in ongoing collagen synthesis.
Double staining for S100A4 (green) and HSP47 (red;
Fig. 5b) in the biliary tree in a significant number devel-
oped yellow on merged color, indicating that these popu-
lations of cells during EMT contribute collagen to the
fibrogenic response. So it is implicated that epithelial cells
in bile ducts and ductules associated with the EMT are the
cellular source of increased collagen leading to hepatic
fibrosis in hepatic fibrosis of BA. Normal bile ducts did not
coexpress both SI00A4 and vimentin or HSP47 (data not
shown).

Myofibroblasts, the terminal cells in EMT in fibrosis,
which could express aSMA, were observed in areas of
established fibrosis (Fig. 5¢) ranging in distribution from
mild-periportal to pan-lobular. Normal bile ducts did not
express aSMA co-stained with S100A4, and the myofi-
broblast marker protein «-SMA in biliary atresia livers was
seen in extrahepatic as well as intrahepatic ducts from BA
patients (Fig. 5c).

Discussion

This study has provided strong evidence for EMT in biliary
atresia related liver fibrosis in response to epithelial cell
injury. Our data demonstrated BECs could serve as a
source of myofibroblasts to contribute significantly to
portal tract fibrosis in biliary atresia. BECs in biliary
atresia, identified by the localization of CK-7, are respon-
sible for the production of increased levels of type I
collagen leading to hepatic fibrosis. Importantly, the stim-
ulated BECs adopted a fibroblastic morphology with
increased cytoplasmic expression of the EMT marker,
S100A4, which is the most consistent indication of EMT in
liver fibrosis [10, 11]. We also acquired high levels of
organised aSMA within the cytoplasm, which had a sig-
nificantly enhanced potential to invade a basement mem-
brane-like matrix. We also observed expression of these
EMT markers in other pediatric cholestasis liver diseases
characterized by bile duct proliferation, suggesting that
EMT is a general response to ductular proliferation.
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The relative individual contribution of bile duct epi-
thelium-derived fibroblasts to the overall activated fibro-
blast population might be crucial for the progression of
liver fibrosis [12]. In our study we demonstrated that the
bile duct epithelium, transdifferentiation to mature myofi-
broblasts, may be an additional and significant lineage of
fibroblasts. Determining the different myofibroblast popu-
lation in biliary atresia will require morphological and
ultrastructural analysis, together with validation expression
of panels of characteristic immunocytochemical and bio-
chemical markers to discern their derivation [13, 14].
Among available phenotypic markers, x-SMA remains the
most reliable marker of myofibroblastic cells. The source
of «-SMA in biliary atresia as evidenced by immunohis-
tochemistry and its synthesis is generally detectable in
selected subpopulations of fibroblasts located around the
portal area [15, 16]. Sicklick et al. [17], studying a single
human patient with biliary atresia, noted «-SMA reactivity
in structures that appeared to be bile ducts. This strongly
suggests epithelial cells may serve as a source of myofi-
broblasts in the epithelial cell/fibroblast paradigm of biliary
atresia. We have also shown that hyperplastic bile duct
cells acquired high levels of organised aSMA within
their cytoplasm with increased cytoplasmic expression of
S100A4. S100A4 directly increases cell motility through
modification of actin function, so the bile duct epithelial
cells also had a significantly enhanced potential to invade a
basement membrane-like matrix, and at the same time lose
their morphogenic cues and “select” new fates.

Because EMT is associated with a loss of epithelial
markers and gain of mesenchymal markers [18], we dem-
onstrated individual epithelial cells clearly in a transitional
state by acquiring some mesenchymal antigens and losing
epithelial markers in EMT. It has already been reported
that primary mesenchymal cells do not express S100A4,
whereas S100A4 expression is found in the epithelial
phenotype within the ductular reaction resting and acti-
vated tissue fibroblasts [19-21]. We demonstrated expres-
sion of S100A4 within BECs taken from patients with
biliary atresia (even at the time of Kasai operation).
Reduced expression of cytokeratins was noted in bile duct
epithelium undergoing EMT.

Although we observed colocalization of CK-7 and sev-
eral mesenchymal markers, we did not observe colocal-
ization of CK-7 and «-SMA in the livers of patients
with biliary atresia. Demonstration of increased S100A4
expression together with low levels of CK-7 in some cells
with a fibroblastic morphology also suggests the presence of
some cells at an early stage after the induction of EMT.
Furthermore, o-SMA is not expressed in all S100A4 posi-
tive fibroblasts. We hypothesize that coexpression of CK-7
and S100A4 presented within small bile ducts and the
expression of SI00A4 and vimentin precedes expression of
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HSP47, whereas «-SMA appears later, after epithelial cell
markers have been lost [22]. The absence of aSMA within
the ductular epithelium might simply reflect the fact that
cells undergoing EMT have migrated from this tissue before
acquiring aSMA expression. The marker expression profiles
in EMT of liver fibroblastic cells change significantly, fur-
ther confounding assessment of cell lineage in our human
sample. Animal models will also be required to determine
the lineage-tracing spatio-temporal expression of specific
markers in biliary fibrosis. Importantly, the stimulated BECs
adopted a fibroblastic morphology and acquisition of a
spindle shape, long cytoplasmic extensions and acquire
migratory and ductular basement membrane disruption
capabilities with CK7-positive cells [23], which is entirely
consistent with the observed induction of MMP-2 expression
in vivo [9]. This indicates that cells undergoing EMT have
migrated and acquired an immature epithelial cell/fibroblast
phenotype, suggesting that this phenotypic shift may explain
the “loss” of BECs and “gain” of portal tract fibroblasts and
eventually differentiate into aSMA-expressing myofibro-
blasts, which characterizes a ductopenic disease such as BA.

In this research, the presence of transitional cell coex-
pression of epithelial, mesenchymal markers in subpopu-
lations of fibroblasts located around the portal area
suggests that BECs undergoing EMT may serve as a source
of myofibroblasts surrounding bile ductules leading to
periductular fibrosis, especially in the setting of chronic
liver injury, biliary atresis EMT seems to be a late
response, requiring a sustained, chronic injury. EMT and
other epithelial cell responses to cholestasis injury may be
the true key why biliary atresia is often such a relentlessly
progressive disease. In this context, the association of
increased numbers of fibroblastic foci and a worse prog-
nosis may be due to acceleration in the degree of epithelial
cell injury at the time of biopsy. Such a scenario might
explain the reversibility of vanishing bile duct syndrome in
some situations such as post Kasai procedure.
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