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Abstract 

Introduction 

Investigation of the pathogenesis of biliary atresia (BA) remains important as new insights 
might lead to the development of new therapeutic interventions to delay or prevent 
(progressive) liver fibrosis. Hedgehog (Hh) signaling pathway is one of regulators of the 
liver stem cell compartment, and one of the assumed promoters of epithelial to mesen-
chymal transition (EMT) during the development of liver fibrosis. To investigate whether 
Hh and EMT occurs in cholangiocytes during the rapid liver fibrosis in BA, we analyzed 
the Hh and EMT pathways in the Rhesus Rotavirus (RRV) induced model of BA as well as 
in human liver biopsies. 

Methods

Neonatal mice were injected intraperitoneally with RRV strain. Healthy pups were used 
as controls. All mice were sacrificed at 7 or 14 days after birth. Archival liver biopsies 
were also obtained from 11 human BA patients. Immunohistochemistry analysis (CK-7, 
CK-19, E-cadherin, collagen type-1, α-SMA,) of all murine and human liver sections was 
performed. Gene expression levels (CK7, CK19, E-cadherin, S100, Ptc, Ihh, collagen type-I, 
α-SMA) in murine livers was assessed using quantative reverse-transcription PCR.

Results

In the murine model, the immunohistochemistry results of the RRV group show an in-
crease of the mesenchymal/fibroblast markers with diminished bile duct staining of the 
epithelial markers. However, there was a contradictory increase in gene expression levels 
of epithelial markers. In the human sample, epithelial markers were present at differing 
levels (varying from low to strong) and the mesenchymal marker α-SMA was generally 
only present at a low level.

Conclusion 

No evidence was found for the activation of Hh pathway in the murine model. Further-
more, we found an increase in both epithelial and mesenchymal markers in the murine 
model. In liver biopsies of human BA patients, an increase in epithelial markers and no 
increase in mesenchymal markers was found. These findings suggest that cholangiocytes 
do not undergo EMT in BA related liver fibrosis.
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Introduction 

Biliary atresia (BA) is a devastating inflammatory obliterative cholangiopathy in neonates 
that affects both intrahepatic and extrahepatic bile ducts. Despite adequate restoration 
of bile flow by performing Kasai portoenterostomy, liver fibrosis often progresses rapidly, 
necessitating liver transplantation in 70-80% of children (1). Unfortunately, BA is still a 
disease of unknown etiology. Investigation of the pathogenesis and pathophysiology of 
BA remains important as new insights might lead to the development of new therapeutic 
interventions to delay or prevent (progressive) liver fibrosis. 

Recent data revealed that the Hedgehog (Hh) signaling pathway is one of the most im-
portant regulators of the liver stem cell compartment, and one of the assumed promoters 
of epithelial to mesenchymal transition (EMT) during the development of liver fibrosis 
(2). The Hh signaling pathway regulates cell processes such as proliferation, apoptosis, 
migration and differentiation (3). Hh signaling is initiated when Hh ligands, such as Sonic 
Hedgehog (Shh) or Indian Hedgehog (Ihh), which are soluble, lipid-modified morpho-
gens, bind to their receptor Patched (Ptc), a membrane-spanning receptor on the surface 
of Hh-responsive cells (3). This leads to the activation of Hh- regulated trans-activating 
factors, including the Glioblastoma (Gli) family of transcription factors. While Hh signaling 
is virtually absent in the normal liver, the Hh pathway is involved in the regulation of 
remodeling responses to cholestatic liver injury after biliary obstruction leading to fibrosis 
(4, 5).

EMT, in which proliferating cholangiocytes lose some of their epithelial phenotypic 
characteristics and acquire a more mesenchymal phenotype (6), plays an important role 
in tissue construction during embryogenesis, and has recently been demonstrated in 
liver fibrosis in chronic liver injury (4, 7). During EMT the morphological transition from an 
epithelial to mesenchymal phenotype of cholangiocytes is accompanied by decreased 
expression of epithelial markers (i.e. CK7, CK19 and E-Cadherin) and increased expression 
of mesenchymal and fibroblast markers (i.e. α-SMA, Collagen type I, S100) (8, 9). 

A recent study has suggested that activation of the Hh signaling pathway is an im-
portant mechanism in the development of the biliary pathology in BA. Omenetti et al 
suggested that up-regulation of the Hh signaling pathway resulted in stimulation of EMT 
and thus contributes to the biliary dysmorphogenesis (3). Evidence for EMT in cholan-
giocytes in BA patients was also found and it was suggested that EMT is an important 
contributor to fibrosis in BA (10). In vitro experiments with human biliary epithelial cells 
demonstrated that stimulation with poly I:C (a synthetic analogue of viral dsRNA) de-
creased the expression of CK19 and E-Cadherin with an increased expression of S100A4 
(fibroblast marker) and Snail (an EMT marker). These findings suggest that these cells had 
undergone the EMT process (11). However, a recent review by Park et al concluded that 
whether cholangiocytes actually undergo EMT remains a controversy (12). It has been 
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found that hepatocytes and cholangiocytes are not able to undergo EMT in murine 
models of hepatic fibrosis, but cholangiocytes were able to undergo EMT in vitro (13). 

To investigate whether Hh and EMT occurs in cholangiocytes during the rapid liver 
fibrosis associated with BA, we analyzed the Hh and EMT pathways in the Rhesus Rotavi-
rus (RRV) induced model of BA as well as in human liver biopsies (14). The morphological 
differences according to the Biliary Atresia Research Consortium (BARC) (15) between the 
RRV group and healthy controls were previously described (16). It was found that the mor-
phological features scored in this murine BA model are in accordance with the expected 
characteristics found in BA in humans. The RRV murine model for BA therefore makes it 
possible to investigate the possible role that Hh and EMT might play in cholangiocytes 
during the rapidly progressive fibrosis over time. Both Hh and EMT signaling pathways 
were analyzed using immunohistochemistry (IHC) and gene expression analysis (reserve 
transcription-PCR). 

Materials and Methods

Murine model of BA

We used the RRV murine model of BA as described previously (14). Pups were born of 
time dated pregnant specified pathogen free Balb/c AnNCrl mice (Charles River, Sulzfeld, 
Germany). Within 12 hours after birth pups (n = 17) were injected intraperitoneally with 
50 μl phosphate buffered saline containing 10*6 plaque forming units/ml of rhesus rota-
virus (RRV) strain MMU 18006 from infected MA 104 cells. RRV treated pups were housed 
in laminar flow cages in a 14/10 hours dark/light cycle and fed autoclaved water and 
Altromin TPF 1314 diet ad libitum. For the control group, pups were born of time dated 
pregnant specified pathogen free mice (Harlan, Zeist, the Netherlands). Control pups (n = 
29) were housed in an individually ventilated cage system in a 12 hours dark/light cycle 
and fed water and standard rodent chow ad libitum. All pups were housed with their 
mothers. Pups were examined daily (weighed and examined for signs of jaundice). RRV 
treated pups developed jaundice and had oily fur after 14 days. 

Pups from both groups were sacrificed at 7 or 14 days after birth. All experimental 
procedures were approved by the Ethical Committees for Animal Experiments by either 
the Hannover Medical School, or the University Medical Centre of Groningen.
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BA patients

Archival liver biopsies were obtained from 11 BA patients. The median age at the time of 
the Kasai procedure was 53 (range 27 – 85) days. The liver biopsies were paraffin fixed and 
prepared for histological and immunohistochemistry examination.

Histology & Immunohistochemistry

Histological review of all sections was performed with hematoxylin and eosin (H&E) 
stained liver sections using light microscopy. Immunohistochemistry was performed 
to evaluate presence of EMT and Hh. The specific staining conditions applied for each 
antibody are outlined in Table 1A for murine samples and Table 1B for human samples. 

The analysis of all tissue sections of the murine model and the BA patients was per-
formed by two pathologists (GJAO, FJWtK). The investigators were not informed about 
the clinical data (RRV versus healthy). For the evaluation of CK7 and CK19 the staining 
of the bile ducts was scored as follows: negative, weak, moderate or strong. E-Cadherin 
was judged by scoring both the region (periportal, central, diffuse) and the intensity of 
the staining (negative, weak, moderate or strong). For evaluation of α-SMA and Collagen 
type 1, the following scoring system was used: lobular or portal staining; negative, weak, 
moderate or strong. Severity of fibrosis was scored as: none, mild (portal fibrosis without 
septa), moderate (portal fibrosis with septa), severe (bridging fibrosis) or cirrhosis (nodular 
regeneration).

Table 1 | Immunohistochemistry: antibodies and staining conditions. 

A Murine liver samples

Antibody Antigen 
retrieval

Protein Block Dilution Incubation 
period

Detecting 
antibody

Detecting 
chromogen

CK 19 
(ab52625)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour GAR/RAG-PO DAB

α-SMA
(Sigma A2547)

Not applied Protein Block 
Serum free 
(DAKO, X0909)

1:10.000 1 hour BrightVision Poly 
HRP-goat
α mouse/rabbit 

DAB

Collagen type 
I (1310-08)

10 mM 
Sodium-citrate 
(pH 6.0)

Protein Block 
Serum free 
(DAKO, X0909)

1:100 1 hour RAG/GAR-PO DAB

E-Cadherin 
(Zymed 
180223)

Tris/EDTA Mouse on 
Mouse block

1:50 overnight MoM Bright DAB

Paraffin sections were counterstained with Mayer’s hematoxylin and mounted with pertex. 
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Gene expression

RNA was isolated from frozen murine liver samples using the TRIzol reagent (Invitrogen, 
Bleijswijk, NL) protocol. The RNA was quantified by spectrophotometry on a Nanodrop 
ND-100 analyzer (Nanodrop products, Wilmington, DE, USA). Obtained RNA was treated 
with deoxyribonuclease I (Amplification Grade AMP-D1, Sigma Aldrich, Zwijndrecht, NL) 
in 10x reaction buffer solution for 15 minutes at room temperature. The reaction was 
stopped by adding the Stop solution (Sigma Aldrich) and incubated for 10 minutes at 
70°Celsius. After applying Oligo-dT 0.5 μg/μl (for 10 minutes at 70°Celsius), cDNA was 
synthesized from a mixture of 100 μg/μl RNA, M-MLV Reverse Transcriptase (Invitrogen, 
Bleijswijk, NL, 28025013), deoxy nucleoside triphosphates (Invitrogen, Bleijswijk, NL, 
10297018), DTT, first strand buffer, ribonuclease inhibitor (Invitrogen, Bleijswijk, NL, 
10777019). This mixture was incubated at 37°Celsius for 50 minutes and at 70°Celsius for 
15 minutes. 

Quantitative reverse-transcription PCR (rt-PCR) was performed using a mix of 10 μl 
SYBR Green (Applied Biosystems, Foster City, CA, USA), 0.4 μl primer mix (forward and 
reversed primer), 4.6 μl H2O and 5 μl diluted cDNA (corresponding to 20 ng of total RNA). 
Primers were designed using the Primer Express Software (Applied Biosystem) and ob-
tained from Invitrogen (Bleijswijk, NL).

PCR amplifications were performed using the following primers and probes: CK7, 
CK19, E-Cadherin, S100, Ptc, Ihh, β-actine, Collagen type I and α-SMA. The Tagman system 
in an ABIPRISM 7900HT Sequence Detector System (Applied Biosystem) was used for 
the quantitative RT-PCR assay. Each sample was analyzed in triplicate. The levels of gene 
expression were calculated as a ratio to the house keeping gene β-actin according to the 
∆∆Ct method. 

B | Human liver samples 

Antibody Antigen 
retrieval

Protein Block Dilution Incubation 
period

Detecting 
antibody

Detecting 
chromogen

CK7
Biogenex 
MU255-UC

Pepsin Protein Block 
Serum free (DAKO, 
X0909)

1:4000 1 Hour Poly-HRP DAB

CK19
(Novocastra 
NCC-CK19)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free (DAKO, 
X0909)

1:100 1 Hour Poly-HRP DAB

α-SMA
Sigma A2547

Not applied Protein Block 
Serum free (DAKO, 
X0909)

1:10000 1 Hour Poly-HRP DAB

E-Cadherin
(BD Biosc. 
610182)

10 mM/1mM 
Tris/HCL (pH 
9.0)

Protein Block 
Serum free (DAKO, 
X0909)

1:200 1 hour Poly-HRP DAB++ 
DAKO 
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Statistical analysis

The results of the IHC were analyzed with Chi-square test for trend or Fisher’s test when 
applicable. The rt-PCR data of the two murine groups (RRV versus healthy mice) were 
analyzed with the non-parametric Mann Whitney-U test. A p value < 0.05 was considered 
statistically significant. The correlation between expression of Ptc and Ihh with the differ-
ent genes was assessed using Spearman’s correlation. The correlation between grade of 
fibrosis, EMT markers and clinical outcome (jaundice clearance after Kasai) for the human 
patients was also assessed using Spearman’s correlation.  All statistical analyses were 
performed with the Statistical Package for Social Sciences version 20 (SPSS 20.0©, IBM, 
Chicago, IL, USA).

Results

EMT

The presence of EMT was investigated using both IHC (murine and human liver samples) 
and by rt-PCR (murine liver samples).

To evaluate EMT in the murine liver, IHC was performed using the markers for epi-
thelial (CK19, E-Cadherin), and mesenchymal and fibroblast (α-SMA and Collagen type I) 
phenotypes. The results are shown in Table 2A and figure 1. In short, in the RRV group the 
CK19 staining of bile ducts was mainly absent to weak, which was significantly different 
compared with the control groups were it was strong (p = 0.009, p = 0.003). Although 
expression of α-SMA was present in the portal tracts of healthy mice, there was a greater 
expansion of α-SMA staining in the RRV group (p < 0.001). Portal staining of Collagen type 
I was more pronounced in the RRV group (p = 0.020). E-Cadherin staining was particularly 
present in the periportal area in the control group and more diffusely in the RRV group (p 
= 0.022). The intensity of the E-Cadherin staining was moderate/strong in the RRV group 
versus weak/moderate in the control group (p = 0.033).

The rt-PCR results of the murine liver biopsies are shown in table 3. These data dem-
onstrate an increase in both epithelial and mesenchymal gene expression in RRV mice in 
time: we observed a significant increase in CK7, CK19, E-Cadherin and S100 in 14 days old 
RRV mice when compared with 7 days old RRV mice. No difference in the RRV group (7 
vs. 14 days) was found for Ptc, α-SMA and Collagen type 1. When we compared RRV mice 
with the control group, we observed a lower level of some of the epithelial markers (CK7) 
and a higher level of mesenchymal markers (S100) in the RRV group at 7 days. This pattern 
changed over time: in the 14 days old group the RRV mice had lower level α-SMA and a 
higher level of E-Cadherin and S100 compared with the healthy group. 
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EMT and fibrosis was further investigated by IHC in liver biopsies of 11 BA patients 
using the epithelial markers CK7, CK19, E-Cadherin and the mesenchymal marker α-SMA 
(Table 2B and Figure 1). CK7 and CK19 staining was weak in five patients, moderate in two, 
and strong in three patients. The α-SMA portal and lobular expression was in the majority 
evaluated as none or weak. In three patients cirrhosis was found in the liver biopsies, and 
in six patients there was severe fibrosis. There was no correlation between grade of liver 
fibrosis and CK7, CK19 or α-SMA expression. Age at Kasai was correlated to CK7 and CK19 
expression: the older the patient the greater CK7 and CK19 expression (both r = 0.6, p= 
0.08). None of the markers were correlated to clearance of jaundice after Kasai.

Table 2 | Results of the immunohistochemistry of A: murine liver samples and B: liver samples of BA patients 

A: Results of IHC per mouse group 

 RRV mice Healthy mice

 7 days (n = 10) 14 days (n = 7) 7 days (n = 15) 14 days (n = 14)

Grade of fibrosis
portal fibrosis 
without septa

portal fibrosis 
without septa

none none 

CK19 none/weak weak weak moderate

E-Cad
diffuse, moderate/

strong
diffuse, moderate/

strong
central, weak/

moderate
periportal, weak/

moderate

α-SMA: portal strong strong strong strong

lobular weak weak weak weak

Coll I:    portal weak/moderate weak/moderate weak weak

lobular weak/moderate weak/moderate weak moderate

B | Results of IHC per BA patient

Patient
Fibrosis 
grade

CK7 CK19 E-Cadherin α-SMA (portal) a-SMA (lobular)

1 Severe Strong Strong Diffuse staining None None

2 Severe Weak Weak Diffuse staining None Moderate

3 Cirrhosis Weak Weak Diffuse staining Weak Weak

4 Cirrhosis Strong Strong Diffuse staining  - Weak

5 Severe Moderate Moderate Diffuse staining Strong Weak

6 Cirrhosis Strong Strong Diffuse staining Strong Weak

7 Moderate -  - Diffuse staining None None

8 Severe Weak Weak Diffuse staining None None

9 Severe Weak Weak Diffuse staining - None

10 Moderate Moderate Moderate Diffuse staining None None

11 Severe Weak Weak Diffuse staining Weak None
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Figure 1 | Immunohistochemistry sections of 7 and 14 days old RRV mice and liver biopsy sam-
ples of human BA patients for: HE (A, B, C); α-SMA (D, E, F); collagen type 1 (G, H); CK 7 (I); CK 19 
(J, K, L); E-Cadherin (M, N, O). All sections are shown at 100x magnification
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Hh signaling pathway

Activation of the Hh signaling pathway was investigated through rt-PCR to measure the 
level of gene expression for both Ihh and Ptc. The rt-PCR results of the liver biopsies were 
compared between the four murine groups (Table 3). In both the RRV and control mice an 
increase in Ihh expression was found at 14 days. Ihh expression in the 7 days old RRV mice 

Table 3 | Results of the rt-PCR of the murine liver biopsies. 
RRV mice Healthy mice

Gene 7 days (n = 10) 14 days (n = 7) 7 days (n = 14) 14 days (n = 15)
CK7 0.52* (0.31-0.89) 3.23^ (1.43-6.18) 1.27 (0.82-1.77) 1.50 (1.22-2.01)

Epithelial CK19 0.33 (0.23-1.05)
1.17^ (1.070-

2.70)
0.84 (0.68-1.36) 1.33 (0.78-1.55)

E-Cad 1.14 (0.87-1.41)
1.620^ (1.41-

1.99)
0.96 (0.78-1.14) 1.01 º (0.86-1.09)

Ihh 0.42* (0.24-0.76) 2.85^ (1.28-2.94) 1.25~ (1.05-1.37) 2.15 (1.67-3.37)
Hedgehog Ptc 0.51 (0.26-1.24) 0.89 (0.25-1.97) 1.00 (0.83-1.32) 1.27 (0.95-1.82)

S100 1.50* (1.24-2.21) 5.85^ (1.99-8.26) 0.46 (0.37-0.51) 0.37 º (0.31-.42)
α-SMA 1.09 (0.87-1.34) 0.88 (0.58-1.22) 1.17~ (0.77-1.63) 1.99 º (1.06-2.12)

Mesenchymal Collagen 
type I

1.06 (0.55-1.72) 1.40 (0.82-3.22) 0.86~ (0.74-1.40) 1.34 (1.14-1.93)

Results are shown as median (range)
* Significant different comparing RRV 7 days versus healthy mice 7 days
^ Significant different comparing RRV 7 days versus RRV 14 days
~ Significant different comparing healthy mice 7 days versus healthy mice 14 days
º Significant different comparing RRV 7 days versus healthy mice 14 days

Table 4 | Correlations between Ptc/Ihh and gene expression levels.  
    RRV 

mice    
Healthy 

mice   
   7 days  14 days  7 days  14 days
   Ptc Ihh Ptc Ihh Ptc Ihh Ptc Ihh
 CK7 r -0,46 0,57 -0,71 0,68 -0,20 0,48 -0,76 0,58
  P 0,184 0,87 0,71 0,09 0,48 0,08 < 0,01 0,02

Epithelial CK19 r -0,29 0,5 -0,5 0,61 0,48 -0,02 -0,27 -0,02
  P 0,41 0,14 0,25 0,15 0,84 0,93 0,33 0,93
 E-Cad r 0,27 -0,06 0,57 -0,39 0,70 -0,47 0,68 -0,71
  P 0,44 0,99 0,18 0,38 0,01 0,09 0,01 < 0,01
 S100 r -0,78 0,96 -0,71 0,46 -0,34 0,24 -0,55 0,70
  P 0,01 < 0,01 0,07 0,29 0,23 0,41 0,03 < 0,01

Mesenchymal α-SMA r 0,54 -0,75 0,18 -0,04 0,64 -0,41 -0,16 -0,02
  P 0,11 0,01 0,70 0,94 0,01 0,14 0,57 0,95
 Collagen 

type I
r -0,41 0,18 0,00 0,93 -0,02 0,36 -0,77 0,86

  P 0,24 0,96 1,00 0,38 0,94 0,21 < 0,01 < 0,01

r = correlation coefficient, significant correlations at the 0.05 level are highlighted marked in bold 
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was significantly higher than in the 7 days old healthy mice. No significant differences in 
the expression of Ptc was found in or between the RRV and control groups on either time 
point. Correlations for expression of Ptc and Ihh with the CK7, CK19, E-Cadherin, S100, 
α-SMA and Collagen type I are shown in Table 4. 

Discussion

Recent data revealed that the Hh signaling pathway is one of the most important regula-
tors of the liver stem cell compartment, and one of the assumed promoters of EMT during 
the development of liver fibrosis (2). There is still much unclear about what role, if any, Hh 
and EMT play in the rapidly progressive fibrosis in BA. To contribute to the ongoing discus-
sion if cholangiocytes undergo EMT in BA, we analyzed both Hh and EMT in a murine 
model for BA. Healthy age-matched mice were used as a control group. Moreover, we 
examined the presence of EMT in liver biopsies of BA patients. 

A previous study has suggested that activation of the Hh signaling pathway is an 
important mechanism in the development of the biliary pathology in BA. It was found 
that up-regulation of the Hh signaling pathway resulted in stimulation of EMT and may 
contribute to the biliary dysmorphogenesis (3). Our findings are in contrast to these find-
ings. We did find an increase in Ihh expression in RRV mice over time but this was also 
seen in de healthy pups. Furthermore, an increase in Ihh expression was not mirrored 
by an increase in Ptc expression as would be expected if the Hh pathway is activated. 
A previous pilot study by our group was also unable to show an increase in other Hh 
markers such as Shh and Gli in RRV mice (17).

In the mouse model, the immunohistochemistry results of the RRV group show an in-
crease of the mesenchymal/fibroblast markers α-SMA and Collagen type I with diminished 
bile duct staining of the epithelial marker CK19 and E-Cadherin. These findings suggest 
that EMT might be present in these RRV mice. However, there was an increase in gene 
expression levels of the epithelial markers CK7, CK19 and E-Cadherin in the RRV mice. This 
is unexpected as in EMT epithelial markers should decrease. The increased epithelial gene 
expression was also conflicting with the immunohistochemistry results, which showed a 
down regulation of epithelial markers. Moreover, although we did observe an increase in 
gene expression level of the mesenchymal marker S100, there was no change in α-SMA 
or Collagen type I gene expression levels. These inconclusive finding might be due to 
the fact that whole liver section (i.e. parenchyma and portal tracts) were used for gene 
expression analysis whilst for IHC only the biliary tracts were investigated. mRNA from 
liver parenchyma might mask locally increased levels of Hh and EMT gene expression as 
fibrosis in BA starts in the portal tracts. 
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We were also unable to demonstrate EMT in the liver biopsies of human BA patients. 
In these patients epithelial markers were present at differing levels (varying from low to 
strong) and the mesenchymal/fibroblast marker α-SMA was generally only present at a 
low level. This is in contrast a recent study that did find increased α-SMA levels in human 
BA patient liver biopsies at time of Kasai procedure (18). This increase in α-SMA levels 
was most markedly observed in infants who were older at the time of biopsy. Direct 
comparison to this study is however difficult due to the differing manner in which α-SMA 
levels are reported. None of the epithelial or the mesenchymal markers were correlated to 
grade of fibrosis. Moreover, the two biopsies that expressed a high level of portal α-SMA 
also showed high levels of CK7 and CK19. We expected that the epithelial markers would 
be decreased as a result of the manifestation of EMT. We were unable to find a correlation 
between EMT markers and clinical outcome or fibrosis. This is in contrast to a recent study 
which suggested that α-SMA levels were correlated to grade of fibrosis in human liver 
biopsies (19). 

Previous studies suggested evidence for EMT in liver biopsies of patients with BA (10, 
19, 20). It was found that the cholangiocytes in the liver biopsies of BA patients expressed 
several mesenchymal IHC markers (S100A4, HSP47, Vimentin and α-SMA), suggesting 
ongoing EMT. EMT has also been observed in other diseases with bile duct proliferation. 
This suggests that EMT is a general response to ductular proliferation (10). In contrast, an 
in vivo experiment with a murine model of hepatic fibrosis revealed that cholangiocytes 
do not undergo EMT. In vitro EMT was found in cultured cholangiocytes (13). A study 
performed with cultured human cholangiocytes stimulated with poly I:C revealed that 
treatment with poly I:C leads to a diminished expression of CK19 and E-Cadherin with 
an increased expression of S100A4 and Snail, suggesting that EMT may contribute to the 
sclerosing cholangiopathy of BA (11). Moreover, in damaged bile ducts of BA patients 
a decreased expression of CK19 and E-Cadherin was found with increased expression 
of Vimentin compared with non-damaged bile ducts in BA patients (11). Thus, human 
cholangiocytes are expressing several markers suggesting mesenchymal phenotypes, 
but whether cholangiocytes actually develop into myofibroblasts remains unanswered 
(12).

A review by Park et al discussed this ongoing debate concerning EMT in cholangiocytes 
(12). It concluded that indirect results suggest that EMT exists in human cholangiocytes, 
but that recent studies revealed strong evidence against EMT using lineage tracing 
methods in murine models for liver fibrosis demonstrating that the cholangiocytes do 
not actually become myofibroblasts (12, 13, 21). This confirms our finding that EMT is not 
a factor in BA related liver fibrosis. 

This present study has a number of methodological limitations. First, not all Hh or EMT 
markers were investigated with IHC or rt-PCR. The second limitation is that the rt-PCR was 
applied to the liver biopsies as one entity instead of only to the portal area. To overcome 
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this problem, we suggest performing laser capture microdissection of the portal areas 
and comparing these portal areas with the liver parenchyma. Thirdly, there were only 11 
liver biopsies available from human BA patients. Increasing the number of BA patients 
would help to strengthen our findings. 

The murine model for biliary atresia that we used has been shown to be a reliable 
model to study the development of liver fibrosis and can help facilitate further investiga-
tions (22). The absence of EMT in this model might be explained by the time points of 
sacrifice. EMT might not have been able to manifest itself during the 7 or 14 days till 
sacrifice.

Conclusions

There is still much unclear about what role, if any, EMT plays in the rapidly progressive 
fibrosis in BA. Using a murine model for BA and liver biopsies human BA patients we 
investigated whether Hh and EMT occurs in cholangiocytes during the development 
of BA related liver fibrosis. No evidence was found for the activation of Hh pathway in 
the murine model. Furthermore, we found that in the murine model for BA there is an 
increase in both epithelial and mesenchymal markers. If EMT is present cholangiocytes 
would acquire a mesenchymal or fibroblast phenotype and epithelial markers should 
decrease whilst mesenchymal markers increase. This does not seem to happen. In liver 
biopsies of BA patients, we demonstrated an increase in epithelial markers and no in-
crease in mesenchymal markers. There was no association between any of the markers 
and clinical outcome. Our findings suggest that cholangiocytes do not undergo EMT in 
BA related liver fibrosis.

3
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