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Primary biliary cirrhosis (PBC) is an autoimmune chronic liver disease with worldwide increasing morbidity.  
However, the etiology of PBC is still unclear.  Recently, the epithelial-mesenchymal transition (EMT) and 
interleukin-17A (IL-17A), a pro-inflammatory cytokine, were proposed to be involved in the pathogenesis of 
PBC.  Therefore, in this study, we aimed to clarify the roles of IL-17A and/or EMT in the onset of PBC.  The 
results showed that the median serum IL-17A level was significantly higher in 29 PBC patients (average 
course of 40.69 months) than that of 11 healthy controls.  The intrahepatic biliary epithelial cells (IBECs), 
the major target of destruction in PBC, underwent EMT in PBC patients.  The immunohistochemical 
analysis revealed that the protein levels of IL-17A receptor were increased in IBECs and the IL-17A protein 
was accumulated around the IBECs in the PBC patients.  These results imply that the IL-17A-mediated 
signaling and EMT of intrahepatic biliary epithelial cells (IBEC-EMT) are key pathogenic processes of PBC.  
To study the association between IL-17A and IBECs-EMT, we then examined if IL-17A induced EMT using 
a human cell line of IBECs (HIBECs).  After the treatment with IL-17A for 48 h, HIBECs changed into bipolar 
cells with a fibroblastic morphology.  Additionally, the results of real-time PCR and Western blot analyses 
demonstrated that IL-17A up-regulated the expression of a mesenchymal marker vimentin and down-
regulated the expression of an epithelial marker E-cadherin in HIBECs in the dose- and time-dependent 
manners.  These results suggest that IL-17A may play an important role in the IBECs-EMT.
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Introduction
Primary biliary cirrhosis (PBC) is an autoimmune 

chronic liver disease characterized by the progressive 
destruction of intrahepatic bile ducts, leading to cholestasis, 
cirrhosis, and liver failure (Isse et al. 2006; Chan et al. 
2014).  Epidemiological studies have revealed increased 
morbidity of PBC in recent years (Kim et al. 2000; Sood et 
al. 2004; Peters et al. 2007; Zhang et al. 2015a).  
Additionally, diagnosed PBC patients have been increased 
in China (Zhang et al. 2015b).  At present, the etiology of 
PBC is still unclear.  Several studies have suggested 
involvement of multiple factors such as genetic predisposi-
tion, environmental factors, viral and bacterial infections, 
autoantibodies, dysregulated immune functions, chemo-
kines, antigen-presenting cells, autophagy, aging, and apop-
tosis (Jones 2008; Prince et al. 2010; Berg 2011; Liu et al. 
2012; Zhang et al. 2015a).

PBC is marked by the destruction of intrahepatic bile 
ducts and loss of intrahepatic biliary epithelial cells 
(IBECs), which underpins most of the subsequent choles-
tatic damages (Jones 2008).  The mechanisms that trigger 
IBECs loss in PBC have been subjected to intensive studies 
(Kaplan and Gershwin 2005; Lindor et al.  2009).  One 
potential mechanism for IBECs loss is epithelial to mesen-
chymal transition (EMT), in which epithelial cells undergo 
phenotypic reprogram, leading to loss of epithelial markers 
and properties but gain of features related to fibroblasts 
(Robertson et al. 2007).

EMT has been found to contribute to fibrosis in multi-
ple pathological conditions and to be regulated by cytokines 
and other pro-inflammatory mediators (Borthwick et al. 
2013).  Interleukin-17 (IL-17A), a typical pro-inflammatory 
cytokine, has recently been shown to induce EMT of alveo-
lar epithelial cells (Mi et al. 2011) and bronchial epithelial 
cells (Ji et al. 2013; Vittal et al. 2013).  Interestingly, fre-
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quencies of IL-17A -positive lymphocytic cells are 
increased in the liver of PBC patients (Lan et al. 2009) and 
IL-17A expression is elevated in peripheral blood of PBC 
patients (Qian et al. 2013).  However, the association 
between IL-17A and IBECs-EMT and their roles in the 
pathogenesis of PBC remain unclear.

In this study, we investigated if IBECs underwent 
EMT in PBC patients and evaluated the IL-17A response in 
this process.  To further study the association between 
IL-17A and IBEC-EMT, we examined if IL-17A induced 
EMT of human IBECs in vitro.  Our study sheds light on 
the association between IL-17A and IBECs-EMT and pro-
vides new understanding of the pathogenesis of PBC.

Materials and Methods
Patients

PBC patients were diagnosed according to clinical manifesta-
tion, elevated serum alkaline phosphatase level, seropositivity for 
anti-mitochondrial antibody and diagnostic liver histology as 
described previously (Carey et al. 2015).  PBC was categorized into 
four phases based on the following histological changes: stage I, 
cholangiolitis; stage II, bile duct proliferation; stage III, cicatrization; 
and stage IV, liver cirrhosis (Ludwig et al. 1978).  Serum samples 
were obtained from 29 PBC patients (2 males and 27 females; 19-80 
years of age, mean age: 51 years, course of disease: 10 day to 315 
month, average course: 40.69 months), and 11 healthy volunteers (2 
males and 9 females; 29-64 years of age, mean age: 46.8 years) from 
July 2014 to September 2015.  For histological and immunohisto-
chemical analysis, liver biopsies were obtained from 9 PBC patients 
(1 male and 8 females; 28-65 years of age, mean age: 51 years; 3 in 
stage I, 4 in stage II, 2 in stage III) and 4 healthy volunteers who 
underwent acute liver rupture caused by trauma and received emer-
gency surgical resection of the damaged liver tissues (3 males and 1 
females; 34-58 years of age, mean age: 47 years) from January 2006 
to July 2015.  Samples were collected from patients before treatment.  
All the patients and healthy volunteers were recruited from the 
Nanfang Hospital of Southern Medical University, and the First 
Affiliated Hospital of Nanchang University.  All samples were col-
lected from patients and healthy volunteers after obtaining informed 
consent in accordance with a protocol approved by the Ethics 
Committee of Nangfang Hospital, Southern Medical University 
(Guangzhou, China) and the First Affiliated Hospital of Nanchang 
University (Nanchang, China).

Enzyme-linked Immunosorbent Assay (ELISA) for IL-17A in serum
Serum IL-17A was detected by ELISA using the human IL-17A 

Platinum ELISA kit (eBioscience, Inc, San Diego, CA, USA) accord-
ing to the manufacturer’s instructions.

Histology and immunohistochemistry
Liver biopsies were fixed with 4% paraformaldehyde, embed-

ded in paraffin, and cut into 3 µm-thin sections.  Tissue thin sections 
were stained with hematoxylin and eosin (H&E) and histological 
images were acquired using a Leica DM2500 Upright Microscope as 
previously described (Yang et al. 2009).  For immunohistochemical 
analysis, liver thin-sections (4 µm) were immunostained using the 
standard microwave protocol and imaged with a Leica DM2500 
Upright Microscope as described previously (Kumada et al. 2004).  

Antibodies include a mouse monoclonal antibody against IL-17A 
(4K5F6, Abcam, Cambridge, MA, USA; 1:100 dilution), an anti-IL-
17A receptor antibody (Abcam; 1:100 dilution), a rabbit monoclonal 
antibody against E-cadherin (24E10, Cell Signaling Technology, Inc, 
Danvers, MA, USA; 1:100 dilution), and a rabbit monoclonal anti-
body against vimentin (D21H3, Cell Signaling Technology, Inc; 1:100 
dilution).  Additionally, antibodies of cytokeratin 7 and 19 (Fuzhou 
Maixin Biotech.  Co., Ltd., China; 1: 100 dilution), two markers for 
IBECs, were used for identification of IBECs in liver tissues.

Cell culture
A human cell line of IBEC (HIBECs), derived from the normal 

liver, was obtained from the cell bank of Guangzhou Jennio Biotech 
Co., Ltd. (Guangzhou, GD, China) and were cultured in RPMI1640 
medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10 ng/
ml epidermal growth factor (Invitrogen) and 10% fetal bovine serum 
(Thermo Fisher Scientific, Waltham, MA, USA) at 37°C in a 5% CO2 
humidified atmosphere.  HIBECs were stimulated with recombinant 
human IL-17A (R&D Systems, Inc.) at the concentrations of 10, 50 
and 100 ng/ml for 24, 48 and 72 h to induce EMT and were examined 
using a Leica DM2500 Upright Microscope.

Quantitative real-time RT-PCR
Total RNA was extracted from HIBECs using a TRIzol Reagent 

(Takara, Dalian, China) according to the manufacturer’s instruction 
and was reversely transcribed into the first-strand cDNA using the 
PrimeScript RT reagent kit (Takara).  Each 20 µL PCR mixture con-
tained 1 µL of cDNA, 10 µL of SYBR Green PCR Master Mix 
(Takara), and 0.5 pM of each primer (E-cadherin: 5′-TACACT 
GCCCAGGAGCCAGA-3′ and 5′- TGGCACCAGTGTCCG 
GATTA-3′; Vimentin: 5′-GAGAACTTTGCCGTTGAAGC-3′ and 
5′-GCTTCCTGTAGGTGGCAATC-3′; glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH): 5′-AGAAGGCTGGGGCTCATTTG-3′ 
and 5′-AGGGGCCATCCACAGTCTTC-3′).  Quantitative real-time 
PCR was carried out using the ABI 7500 Fast Real Time PCR system 
(Applied Biosystems, Foster City, CA, USA).  PCR conditions used 
were 50°C for 2 min, 95°C for 2 min, followed by 40 cycles of 15 s at 
95°C and 60 s at 60°C.  The Ct values of an internal control (GAPDH) 
and the target genes were determined.  The 2−ΔΔCt method was used to 
calculate the relative expression.  The transcript levels of examined 
genes were quantitatively normalized to GAPDH.

Western blot analysis
Total proteins were extracted from HIBECs with a complete 

cell-lysis buffer (Keygen Biotech, Jiangsu, China), with newly added 
protease and phosphatase inhibitors. Protein concentrations were 
quantified using the bicinchoninic acid protein assay kit (KeyGen 
Biotechnologies, Nanjing, China).  Aliquots of 50 µg proteins were 
separated by 10% SDS–polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene fluoride membranes (GE Healthcare, Little 
Chalfont, UK).  Following the transfer, the membranes were blocked 
with 5% bovine serum albumin for 1 h at room temperature, then 
incubated with primary antibodies including a rabbit monoclonal anti-
body against E-cadherin (24E10, Cell Signaling Technology; 1:1,000 
dilution), a rabbit monoclonal antibody against Vimentin (D21H3, 
Cell Signaling Technology, Inc; 1:1,000 dilution), or a rabbit mono-
clonal antibody against β-Actin (13E5, Cell Signaling Technology, 
Inc; 1:1,000 dilution) overnight at 4°C, and incubated with an HRP-
conjugated goat anti-rabbit IgG secondary antibody (Bioss, Beijing, 
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China) for 1 h at room temperature.  After incubation with the sec-
ondary antibody, membranes were visualized using enhanced chemi-
luminescent (ECL) detection method (ECL Plus Western Blotting 
Detection System; Amersham Biosciences, Foster City, CA, USA) 
according to the manufacturer’s instructions.

Statistical analysis
Data are expressed as the mean ± standard error (SEM).  

Statistical analysis was performed using one-way analysis of variance 
(ANOVA), followed by post hoc Newman-Keuls test for multiple 
comparisons.  For comparison of two groups, data were analyzed by 
the Student’s t-test.  All data were analyzed using the software SPSS 
13.0 (Statistical Package for Social Sciences; SPSS, Munich, 
Germany).  Statistically significant differences were determined at P 
< 0.05.

Results
IBECs-EMT in livers of PBC patients

A previous case report has revealed IBECs-EMT in 
transplanted liver tissues of a PBC patient, suggesting that 
IBECs-EMT might occur at early stage of PBC (Robertson 
et al. 2007).  However, it has been unclear if IBECs-EMT 
occurs in primary PBC patients.  In this study, H&E stain-
ing of liver thin sections revealed obvious lymphocyte and 
macrophage infiltration around and within the bile ducts in 
PBC livers compared with healthy controls (Fig. 1A, B).  
The liver pathology in the patient (Fig. 1B) was stage I 
PBC according to the histological changes described in the 
previous report (Ludwig et al. 1978).  Immunohisto
chemical staining showed that the liver tissues from PBC 
patients contained increased number of vimentin (mesen-

Fig. 1.  Intrahepatic EMT in PBC patients.
	 A, B, H&E staining of liver thin-sections from a healthy control and PBC patient.  C-F, Immunohistochemical detection 

of Vimentin (C and D, a mesenchymal marker) and E-cadherin (E and F, an epithelial marker).  Red arrows indicated 
bile ducts.  Data shown are representative of 3 experiments from 3 patients at stage I.
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chymal marker)-positive IBECs (Fig. 1C, D) and decreased 
number of E-cadherin (epithelial marker)-positive IBECs 
(Fig. 1E, F), compared to healthy controls.  Moreover, 
vimentin-positive cells in PBC patients appeared to express 
higher levels of vimentin than those in healthy controls, 
while E-cadhein-positive cells in PBC patients expressed 
lower levels of this molecule than those in healthy controls 
(Fig. 1C-F).  These phenotypes were significant in the 3 
stage I PBC patients and less obvious in the 4 stage II and 2 
stage III PBC patients (data not shown).  These results sug-
gest that IBECs-EMT occurs in primary PBC patients.

Elevated IL-17A and IL-17A receptor in the livers of PBC 
patients

Previous studies showed that frequencies of IL-17A-
positive lymphocytic cells were increased in the liver from 
PBC patients (Lan et al. 2009) and IL-17A expression was 
elevated in peripheral blood of PBC patients (Qian et al. 
2013).  Additionally, IL-17A induced EMT of epithelial 
cells (Mi et al. 2011; Ji et al. 2013; Vittal et al. 2013).  
Therefore, to explore the association between IL-17A and 
IBECs-EMT, we first compared serum IL-17A concentra-
tions between healthy controls and PBC patients.  The 
median serum IL-17A levels in healthy controls and PBC 
patients were 1.89 ± 0.52 and 2.63 ± 1.27 pg/ml, respec-
tively (Table 1).  The differences between healthy control 
and PBC patients were statistically significant (P < 0.05).  
Thus, IL-17A was elevated in PBC patients compared with 
healthy controls.  Our data confirmed similar findings in 
previous studies in PBC patients (Lan et al. 2009; Qian et 
al. 2013).

We further examined whether IL-17A levels were 
increased in the liver of PBC patients by immunohisto-
chemistry.  We detected IL-17A- (IL-17A+) and IL-17A 
receptor-positive cells (IL-17R+) near portal tracts and 
around bile ducts and these IL-17A+ or IL-17R+ cells were 
markedly increased in the liver from PBC patients com-
pared with healthy controls.  Additionally, the protein levels 
of IL-17A receptor were increased in IBECs and the IL-17A 
proteins were accumulated around the IBECs in the PBC 
patients (Fig. 2A, B).  We found that 7 of the 9 examined 
PBC patients had increased IL-17A and IL-17R protein lev-
els in livers.

The impact of IL-17A on the morphological changes of 
HIBECs in vitro

Increased IL-17A+ and IL-17R+ cells in the liver of 
PBC patients prompted us to investigate if IL-17A was 
involved in EMT.  During in vitro culture in the absence of 
IL-17A, HIBECs displayed a classic cobble-stone shape.  
After stimulated with recombinant human IL-17A at 10, 50 
and 100 ng/ml for 48 h, HIBECs displayed a dose-depen-
dent transition to a spindle-shape, fibroblast-like morphol-
ogy (Fig. 3A).  Treatment of HIBECs with 50 ng/ml of 
IL-17A for different times revealed a time-dependent evolu-
tion of fibroblast-like morphological changes that started at 
24 hours and exacerbated after 72 hours of treatment (Fig. 
3).  Thus, IL-17A appeared to be able to induce HIBECs to 
undergo fibroblast-like morphological change in vitro.

The induction of HIBECs-EMT by IL-17A in vitro
The ability of IL-17A to induce a fibroblast-like mor-

phology of HIBESs suggested the possibility that it might 
trigger EMT of HIBECs.  We further determined if IL-17A 
treatment might affect vimentin and E-cadherin expression 
in cultured HIBECs.  As shown in Fig. 4A, B, vimentin 
mRNA was increased while E-cadherin mRNA was 
decreased in dose- and time-dependent manners following 
IL-17A treatment.  Correlated with altered mRNA levels, 
vimentin protein and E-cadherin protein levels were also 
increased and decreased, respectively, following IL-17A 
treatment (Fig. 4C, D).  These results together with those 
shown in Fig. 3 suggested that IL-17A could induce 
HIBECs-EMT in vitro.

Discussion
PBC has been regarded as a landmark disease for 

study the pathophysiology of conditions in which autoim-
mune phenomena is prominent, as the presence of serum 
autoantibodies and autoantigens for PBC was recognized 
(Mackay 1958; Yeaman et al. 1988).  However, the patho-
genesis of PBC remains unclear, owing in large part to 
increasingly contradictory observations made in recent 
years.  Ultimately, any model for PBC pathogenesis must 
be able to explain IBECs loss and the development of pro-
gressive ductopenia.  Initial researches suggested that apop-
tosis was an important mechanism for IBECs loss in livers 
of PBC (Kuroki et al. 1996; Harada et al. 1997; Tinmouth 
et al. 2002; Kawata et al. 2012).  Nevertheless, the apopto-
sis of IBECs is thought to be predominant in the middle 

21 

groups male female Age (years) IL-17A (pg/ml) 

PBC 2 27 51.5 ± 14.2 2.63 ± 1.27* 

Health control 2 9 46.9 ± 12.5 1.89 ± 0.52 

Data shown represent mean ± SEM.  *P < 0.05 determined by Student’s t-test.

Table 1.  Serum IL-17A levels in PBC patients.
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Fig. 2.  Increased hepatic expression of IL-17A and IL-17AR in PBC patients.
	 Liver thin sections of tissue biopsies from healthy controls (HC) and Stage II of PBC patients (PBC) were used for  

immunohistochemical analysis of IL17A (A and B) and IL-17A receptor (IL17AR, C and D).  Red arrows indicated the 
bile ducts.  Data shown are representative of 4 experiments from 4 patients at stage II.

Fig. 3.  IL-17A induces morphological change of HIBECs.
	 A-D, HIBECs were unstimulated or stimulated with 10, 50, or 100 ng/ml IL17A for 48 h.  E-H, HIBECs were unstimu-

lated or stimulated with 50 ng/ml IL17A 24, 48 and 72 hrs.  Cell morphology was examined with a light microscope 
with 200 × magnification.
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stages (II-III) of PBC and may be relatively infrequent in 
the earlier stages (Robertson et al. 2007; Jones 2008).  The 
previous study from a PBC-recurred patient after liver 
transplantation revealed that HIBECs-EMT may predomi-
nate in very early process of PBC (Robertson et al. 2007).  
Thus in this study, we examined if IBECs underwent EMT 
in livers of patients at the early stage of PBC.  In sequential 
liver biopsies, we demonstrated increased expression of 
Vimentin (a mesenchymal marker) and decreased expres-
sion of E-cadherin (epithelial marker) within IBECs of 
stage I PBC patients (Fig. 1).  These results indicate that 
these cells are undergoing EMT and suggest that this phe-
notypic shift may explain the “loss” of IBEC and “gain” of 
progressive ductopenia, key characters of PBC.

In this study, we found that serum IL-17A level was 
increased (Table 1) in PBC patients.  IL-17A-positive cells 
around the intrahepatic bile ducts were higher in the early 
stages of PBC compare to the healthy controls and IL-17A 
proteins were accumulated around the IBECs in the PBC 
patients (Fig. 2A, B).  These results suggest that IL-17A in 
PBC exerts pro-inflammatory effects in early stage.  These 
results are consistent with the previous results that the 
expression of IL-17A was increased in PBC patients (Lan et 
al. 2009; Qian et al. 2013).  We also found the elevated 
expression of IL-17A receptor in IBECs in PBC patients 
(Fig. 2C, D), suggesting the IL-17A-mediated signaling in 
response to PBC.  Although these results all indicated that 

IBECs-EMT and IL-17A-mediated signaling are key patho-
genetic processes in the early stage of PBC, the association 
between IBECs-EMT and IL-17A is not clear.  Thus we 
investigated if IL-17A was involved in EMT.  IL-17A 
appeared to be able to induce HIBECs to undergo fibro-
blast-like morphological change in vitro (Fig. 3) and 
increased the expression of Vimentin mRNA and decreased 
the expression of E-cadherin mRNA in dose- and time-
dependent manners (Fig. 4).  These results indicate that 
IL-17A induces HIBECs-EMT in vitro, consistent with the 
results that IL-17A can also induce EMT in alveolar and 
bronchial epithelial cells (Mi et al. 2011; Ji et al. 2013; 
Vittal et al. 2013).  These results indicated that IL-17A 
played a potential role in inducing EMT of IBECs and sub-
sequent peribiliary fibrosis.

In conclusion, the present study confirmed the previ-
ous studies that the IBECs-EMT and IL-17A-mediated sig-
naling are key pathogenetic processes in the early stage of 
PBC.  This study also found that IL-17A induced the EMT 
of HIBECs in vitro.  Our study suggests a critical mecha-
nism underlying the pathogenesis of PBC.
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