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Abstract—Objective: Biliary atresia (BA) is characterized by
progressive liver fibrosis. Epithelial-mesenchymal transition (EMT)
has been implicated as a key mechanism in the pathogenesis of organ
fibrosis. MiR-200a has been shown to repress EMT. We aim to
explore the role of miR-200a in the fibrogenesis of BA. Methods: We
obtained the plasma samples and liver samples from patients with BA
or controls to examine the role of miR-200a. Histological liver
fibrosis was assessed using the Ishak fibrosis scores. Reverse
transcription quantitative polymerase chain reaction (RT-qPCR) was
performed to detect the expression of miR-200a in plasma. We also
evaluated the expression of miR-200a in liver tissues using tyramide
signal amplification fluorescence in situ hybridization (TSA-FISH).
The expression of EMT related proteins zinc finger E-box-binding
homeobox 1 (ZEB1), E-cadherin and a-smooth muscle actin (o-
SMA) in the liver sections were detected by immunohistochemical
staining. Results: We found that the expression of miR-200a was
both elevated in the plasma and liver tissues from BA patients
compared with the controls. The hepatic expression of ZEB1 and a-
SMA were markedly increased in the liver sections from BA patients
compared to the controls, whereas E-cadherin was downregulated in
the BA group. Simultaneously, we noted that the hepatic expression
of miR-200a, E-cadherin and o-SMA were upregulated with the
progression of liver fibrosis in the BA group, while ZEB1 was
downregulated with the progression of liver fibrosis in BA patients.
Conclusion: These findings suggest EMT has a critical effect on the
fibrotic process of BA, and the interaction between miR-200a and
ZEBI may regulate EMT and eventually influence liver fibrogenesis
of BA.
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I. INTRODUCTION

A is a cholestatic liver disease, which is characterized by

biliary obstruction and inflammation with progressive
liver fibrosis [1]. Kasai portoenterostomy (PE) may re-
establish bile flow and is regarded as the first of line treatment
of BA [2]. However, most BA patients still require liver
transplantation due to progressive liver fibrosis and cirrhosis
[3]. The aspartate aminotransferase to platelet ratio index
(APRI) could benefit the diagnosis for significant liver fibrosis
of BA patients and preoperative APRI also could predict
jaundice persistence after PE [4]. Nevertheless, the
pathogenesis of liver fibrosis in BA remains to be
investigated.

MicroRNAs (miRNAs) are short non-coding RNA
molecules (about 22 nucleotides), which regulate the
expression of diverse genes by binding to complementary sites
of targeted mRNAs, causing translational repression or
degradation [5], [6]. Accumulating studies indicated that miR-
200a might have a critical effect on the fibrotic processes of
many organs by regulating the process of EMT [7], [8]. EMT
relates to a process in which epithelial cells lose cell-cell
contacts and the unique protein expression patterns of
epithelia and acquire the phenotypic characteristics of
mesenchymal cells or fibroblast markers [9], [10]. The levels
of miRNAs were found to be present in the serum and plasma
stably, and the specific expression patterns of circulating
miRNAs might be related to various diseases [11]. It was
demonstrated that miR-200a was significantly increased in the
serum of BA patients [12]. Meanwhile, our previous study has
shown that miR-200a was markedly elevated in the plasma of
BA patients using Next-Generation Sequencing. However,
additional experiments are still needed to identify the role of
miR-200a in EMT of BA liver fibrosis. In the present study,
we explored miR-200a alteration in liver tissues using TSA-
FISH and used RT-qPCR to examine the miR-200a expression
in plasma. We also used immunohistochemistry (IHC) to
detect the hepatic expression of ZEBI, E-cadherin and o-
smooth muscle actin (a-SMA). We found miR-200a increased
and EMT persisted in BA, whereas different stages of liver
fibrosis had different conditions of EMT, which suggests miR-
200a may participate in the fibrogenesis process of BA by
regulating EMT.
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II. MATERIALS AND METHODS

A. Samples and Pathology

Plasma samples were collected from 25 patients with BA
and 10 healthy control subjects. A total of 12 liver biopsies
were obtained from BA patients at the time of Kasai PE. As
controls, we obtained normal liver tissues from two child
patients whose liver pathology were normal, including one
core needle biopsy and one surgical wedge biopsy (Table I).
The samples were collected at the time of diagnosis in
Guangzhou Women and Children’s Medical Center
(Guangzhou, China). BA were identified by operative
exploration, cholangiography, and histology [13]. The control
plasma samples were from individuals who came in for a
routine physical examination. The tissue specimens were fixed
in formalin, embedded in paraffin, sliced, and stained with
hematoxylin -eosin (H&E) and Masson’s trichrome for light
microscopy analyses. Histological liver fibrosis was assessed
by Ishak (0-6) fibrosis scores by two experienced pathologists,
blinded to the clinical patient data, until consensus was
reached [14]. The Ethics Committee of Guangzhou Women
and Children’s Medical center approved this study.

TABLE I
BASIC CHARACTERISTICS OF SAMPLES FROM SUBJECTS

BA plasma Control plasma BA liver  Control liver
(n=25) (n=10) (n=12) (n=2)
Gender(M/F) 12/13 8/2 7/5 2/0
Ageat 74+26 days 117445 days  89+18 days 5342 months
collection
Age at operation 81£25 days — 89+18 days 53442 months
ALT (U/) 161+118 31£7 247+219 19+£10
AST (U/1) 279+309 43+10 4184671 50+14
y-GT (U/l) 880+704 38436 849+429 45421
TBIL (umol/l)  158.4+53.3 8.6£7.0 154.0+71.0 4.7+1.1
DBIL (umol/l)  122.8+39.4 2.9+2.7 122.0+54.1 3.1£1.1

Data presented as number of patients or means +standard deviation. ALT:
alanine aminotransferase; AST: aspartate aminotransferase; y-GT: y-glutamyl
transpeptidase; TBIL: total bilirubin, DBIL: direct bilirubin. Reference
intervals: ALT (9-50 U/l), AST (5-60 U/l), y-GT (13-57 U/l), TBIL (2-17
umol/l), DBIL (0-7 pmol/l).

B. RT-qPCR

The total RNA of plasma was extracted using the
Plasma/Serum Circulating RNA Purification Kit (Norgen,
42800, Canada). OD260/280 ratios typically ranged from 1.8
to 2.0, showing high RNA purity. 5 ul of RNA was reverse
transcribed with a miRNA-specific stem-loop primer using the
PrimeScript® RT reagent Kit (Takara, RR0O37A, Japan).
Polymerase chain reaction (PCR) was carried out using the
SYBR® PrimeScript miRNA RT-PCR kit (Takara, RR716,
Japan). All PCRs were performed by the Applied Biosystems
7300 System (ABI, USA). MiR-16 served as a control [15],
[16]. The sequences of the primers are as follows: miR-200a:
5'- GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT

GGATACGACACATCG-3' (RT primer), 5'-
GCGGTAACACTGTCTGGTAACG-3' (Forward), 5'-
CGCAGGGTCCGAGGTATTC-3' (Reverse); miR-16: 5'-

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTG
GATACGACCGCCAA-3' (RT primer), 5'-
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TGGCGTAGCAGCACGTAAAT-3' (Forward), 5'-
CAGTGCAGGGTCCGAGGTAT-3' (Reverse).

C. TSA-FISH

Liver sections were first deparaffinized with xylol and
hydrated using descending concentrations of ethanol. After
washing twice in phosphate-buffered saline (PBS) for 10 min,
slides were immersed in 0.2 N HCI for 20 min and incubated
with Proteinase K (200 pg/ml in PBS) at 37 °C for 12 min.
After digestion, the slides were washed twice (for 5 min each)
in PBS, immersed in 3% H,0; for 30 min, and fixed in 4%
paraformaldehyde for 15 min. The slides were then pre-
hybridized with a hybridization buffer at 55 °C for 1 h in a
humid chamber, followed by hybridization with a probe at 39
°C for 20 h. The slides were washed thrice in 2xSSC (for 8
min each), blocked with 1% bovine serum albumin for 1 h at
37 °C, and incubated with HRP-labeled anti-digoxigenin
antibody (Bellancom, USA) diluted 1:100 at 37 °C for 90 min.
For tyramide signal amplification, freshly prepared tyramide-
Cy3 working solution (1 part tyramide and 1 part 0.15% H202
mixed with 50 parts amplification buffer, invitrogen, USA)
was applied to the sections for 15 min at 37 °C. Slides were
washed thrice in PBS (for 8 min each) and mounted in 4',6-
diamidino-2-phenylindole (DAPI). The miR-200a probe was
purchased from Exonbio Lab (Guangzhou, China). The
sequence of the probe is 5'-
ACATCGTTACCAGACAGTGTTA-3', the 5’ and 3’ ends
were modified with digoxigenin. The U6 probe with the
sequence of 5'-
GAACGCTTCACGAATTTGCGTGTCATCCTTGCGCA -3'
served as a positive control, and a hybridization buffer was
used as a negative control. Images of miRNA signals were
captured by a Nikon 80i fluorescence microscope. The
exposure time for all the images captured in the present study
was 0.1 seconds. A total of five random images were used to
calculate the mean gray value of a sample (x 200
magnification). The green signals of images were used to
analyze the mean gray value using image J software.

D.IHC
The liver sections were incubated with xylol and
descending  concentrations of  ethanol.  Endogenous

peroxidases were removed with 3% H,0O,. After antigen heat
retrieval for 15 min in a citrate buffer (pH 6.0), sections were
returned to room temperature and washed twice (for 5 min
each) in PBS. The primary antibodies (rabbit anti-human
ZEB1 polyclonal antibody, rabbit anti-human E-cadherin
polyclonal antibody and rabbit anti-human a-SMA polyclonal
antibody, 1:100 dilution, Bioss, Beijing, China) were then
applied at 4 °C overnight in a humid chamber after blocking
with 3% bovine serum albumin for 1 h at room temperature.
The sections were rinsed in PBS and incubated with the
secondary antibody (Gene Tech, Shanghai, China). Next,
sections were washed twice (for 5 min each) in PBS, stained
with 3, 3'-diaminobenzidine tetrahyochloride (DAB), and
counterstained with hematoxylin. The sections were visualized
using a Nikon 80i fluorescence microscope. Five random
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images were used to calculate the percentage of the positive
staining area of a sample (x 400 magnification). Image Pro
Plus 6.0 was used to determine the percentage of the positive
staining area of ZEB1, E-cadherin and a-SMA.

E. Statistical Analyses

Data are reported as the means + standard deviation or
medians. The levels of miR-200a measured by RT-qPCR were
presented as the fold change (2-AACt). When comparisons
were made between the two groups, and the statistical
significance was determined by Mann-Whitney U-test using
the SPSS 13.0 software program. A P value less than 0.05 was
considered statistically significant.

III. RESULTS

A. Histopathological Examination

Widespread inflammation and fibrosis were noted in the
hepatic portal area of BA group using H&E staining. We also
observed evident bile canalicular hyperplasia, degeneration
and necrosis, which were accompanied by increased liver
fibrosis, damage of the lobular structure. Collagen fibers
significantly increased in BA samples using Masson’s
trichrome staining (Fig. 1). According to H&E staining and
Masson’s trichrome staining, the liver fibrosis of BA samples
was assessed by Ishak fibrosis scores (Table II).

A

Fig. 1 Histopathological examination of liver sections from BA
patients: (A) Extensive inflammation and fibrosis (arrow) were
observed in the hepatic portal area. Hepatocytes (arrow) emerged
degeneration and necrosis (H&E staining; x 200 magnification). (B)
Collagen deposition (arrow) was marked in the portal tract and
septum area (Masson’s trichrome staining; x 200 magnification)

TABLE II
ISHAK LIVER FIBROSIS SCORES OF BA PATIENTS

Ishak fibrosis scores 0 1 2 3 4 5 6
BA cases 0 1 3 3 0 2 3
Footnote: Data presented as number of patients.

B. Expression of miR-200a in BA Plasma vs Controls

We quantitatively detected the expression of miR-200a in
plasma. RT-qPCR showed difference of the miR-200a
expression between the two groups (Fig. 2). We found miR-
200a was markedly elevated in the BA group compared to the
controls (3.25 vs 1.35, P<0.01).
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C. Expression of miR-200a in Liver Tissues Refers to Liver
Fibrosis in BA

We evaluated the expression of miR-200a in liver
specimens. We found miR-200a was significantly upregulated
in the BA group compared to the control group (11.92+2.18 vs
3.44£1.00, P<0.05) (Fig. 3 (A)). According to the Ishak
fibrosis scores, the BA specimens that were scored as 1, 2, and
3 were combined into the low graded fibrosis group, which
were scored as 4, 5, and 6, were combined into the high
graded fibrosis group. We found miR-200a increased
prominently in the high graded fibrosis group compared to the
low graded fibrosis group (13.37+1.78 vs 10.89+1.90, P<0.05)
(Fig. 3 (B)).

101

8- S

P<0.01

Relative miR-200a expression

0 T
BA

L]
Control

Fig. 2 Expression of miR-200a in plasma. MiR-200a was markedly
elevated in the BA group compared to the control group. The bar
represents the median, and the line across the whiskers represents the
interquartile range

D. Expression of ZEB1, E-Cadherin and o-SMA in BA Liver
Tissues vs Controls

We analyzed the expression of ZEB1, E-cadherin and o-
SMA in the liver sections (Fig. 4). Positive ZEBI staining was
detected predominantly in the cell nucleus. The percentage of
the ZEBI positive staining area in the BA group was 2.40%,
while it was 0.21% in the control group (P<0.05). The
expression of E-cadherin was markedly decreased in the BA
group compared to the control group (8.93% vs 23.14%,
P<0.05). The BA group also had much higher a-SMA
expression compared to the controls (8.66% vs 0.76%,
P<0.05).

E. Expression of ZEBI, E-Cadherin and a-SMA Refer to
Liver Fibrosis in BA

The same as the former, the BA specimens were divided
into two groups. As shown in Fig. 5, the expression of E-
cadherin and o-SMA were remarkably increased in the high
graded fibrosis group compared to the low graded fibrosis
group (15.17% vs 3.80%, P<0.05, 23.73% vs 3.93%, P<0.05,
respectively), whereas the expression of ZEBI was
prominently decreased in the high graded fibrosis group
compared to the low graded fibrosis group (0.74% vs 3.62%,
P<0.05).
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Fig. 3 Expression of miR-200a in BA liver tissues. BA-1 represents the low graded fibrosis grou and BA-2 represents the high graded fibrosis
group. (A) The BA group exhibited much higher expression of miR-200a than the control group (x 200 magnification). (B) MiR-200a
significantly increased in the high graded fibrosis group compared to the low graded fibrosis group. The box represents the interquartile range,
line across the box median, and the whiskers 90th percentile range. LOW: low graded fibrosis group; HIGH: high graded fibrosis group
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Fig. 4 Expression of ZEB1, E-cadherin and a-SMA in BA liver
tissues vs controls. ZEB1 was expressed predominantly in the cell
nucleus and markedly increased in the BA group compared to the
control group (arrow). For E-cadherin staining, the control group

exhibited more positivity compared to the BA group (arrow). The BA
group showed strong 0-SMA immunoreactivity (arrow) and had a
much higher expression of a-SMA compared to the control group (x
400 magnification)

IV.DISCUSSION

MiRNAs are small noncoding RNAs consisting of about 22
nucleotides that negatively regulate the expression of protein-
coding genes. Many reports have shown that miR-200a might
have a crucial role in organ fibrosis [7], [8], [17]. A previous
study indicated that miR-200a increased in liver fibrosis, and
was upregulated in a fibrosis progression dependent manner
[18]. It also has been demonstrated that miR-200a was
prominently upregulated in liver tissues from BA patients, and
the upregulation of miR-200a could enhance bile duct
proliferation through the IL-6/STAT3 pathway [19]. There
were significant histological evidences of EMT in the BA
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livers [20]. Deng et al. have demonstrated that biliary
epithelial cells from patients with BA showed elevated
expression of a-SMA and S100A4, with a marked transition to
a fibroblast-like morphology, and the biliary epithelial cells
undergoing EMT might lead to significant bile duct
proliferation and directly contribute to fibrogenesis in BA
according to the significant histologic evidence [21]. Harada et
al. have found that biliary epithelial cells in BA exhibited a
lack of epithelial markers and an abnormal expression of
vimentin, suggesting that the EMT may result in the
occurrence and development of sclerosing cholangiopathy in
BA [22]. MiR-200a might repress EMT by directly targeting
the mRNA of the E-cadherin transcriptional repressors
ZEB1/ZEB2, which were simultaneously the accelerators of
EMT [23]. EMT could contribute to the production of more
myofibroblasts, which excreted too much extra cellular matrix
and furtherly caused organ fibrosis [24], [25]. However, the
functional mechanisms of miR-200a in the fibrosis process of
BA remain unclear.

In this project, expression of miR-200a was remarkably
upregulated in plasma from BA patients compared to the
controls. Meanwhile, miR-200a was significantly elevated in
liver tissues from BA patients compared to the controls, which
was associated with increased liver fibrosis, suggesting that
miR-200a specifically increases in BA and miR-200a possibly
participated in regulating BA liver fibrosis. These results
prompted us to assess the role of miR-200a in the fibrogenesis
of BA. It was well known that miR-200a could depress the
expression of ZEBI post-transcriptionally via the 3'-
untranslated region (3'-UTR), thereby reducing the repression
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at E-cadherin and depressing the process of EMT [23]. In this
study, even though miR-200a was markedly increased in BA,
the expression of ZEB1 was also upregulated. Simultaneously,
expression of E-cadherin was downregulated in BA while
expression of a-SMA was increased. It has been shown that
hepatic  stellate cells could transdifferentiate  into
myofibroblasts, which was accompanied with a-SMA
expression [26]. These findings suggest EMT remarkably
appears in BA livers and the persistence of EMT may play an
important part in BA liver fibrosis; EMT contributes to
inducing generation of myofibroblasts and myofibroblasts
dramatically emerging in BA, which promote the fibrosis
process. However, the upregulation of miR-200a did not
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depress the expression of ZEBI1. It was indicated that ZEBI
could also repress miR-200a through binding to ZEB-type E-
box elements, and there was a double-negative feedback loop
controlling the ZEBI and miR-200a expressions which
regulate the cellular phenotype [27], suggesting that the
interaction between ZEB1 and miR-200a probably has an
important role in BA liver fibrosis. ZEB1 could decrease the
expression of E-cadherin and accelerate the process of EMT,
and the upregulation of miR-200a might aim to effectively
repress the expression of ZEBI and the process of EMT,
which could eventually retard the fibrosis process. It might be
a self-regulation mechanism of the human body.
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Fig. 5 Comparison of ZEB1, E-cadherin and a-SMA between the low graded fibrosis group and the high graded fibrosis group in BA. The
results were expressed as a proportion of the antibody-positive area. E-cadherin and a-SMA markedly increased in the high graded fibrosis
group compared to the low graded fibrosis group, whereas ZEB1 significantly decreased in the high graded fibrosis group compared to the low
graded fibrosis group. The box represents the interquartile range, line across the box median, and the whiskers 90th percentile range. LOW:
low graded fibrosis group; HIGH: high graded fibrosis group

Interestingly, we found the expression of miR-200a, E-
cadherin and a-SMA were upregulated with the progression of
liver fibrosis in BA, while ZEB1 was downregulated. These
findings suggest that the upregulation of miR-200a reduces the
expression of ZEB1 and represses EMT, whereas o-SMA
remains elevated. Dong et al. reported that a-SMA was
overexpressed in biliary epithelial cells and in periductular
collagen fibers of BA patients, and elevated o-SMA
expression was found to relate to histological fibrosis scores of
the livers from BA infants [28]. Moreover, BA Patients who
underwent liver transplantation by the age of two years had
prominently higher expression of o-SMA at PE, the
expression of a-SMA was related to patient age at PE, and low
the expression of a-SMA at the time of PE was associated
with improved bile flow and native liver survival [29].
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Zeisberg et al. found that hepatocytes could gain a fibroblast-
like phenotype through EMT in vitro experiments and
demonstrated that hepatocytes markedly transdifferentiate into
hepatocyte-derived fibroblasts via EMT in the mouse model of
CCl4-induced liver fibrosis [30]. It has been well documented
that not only hepatic stellate cells but also biliary epithelial
cells could undergo EMT and ultimately transdifferentiate into
myofibroblasts, which expressed a-SMA and produced extra
cellular matrix, led to liver fibrosis [31], [32]. Too many
myofibroblasts induced by EMT might be the reason a-SMA
increased in the high graded fibrosis group. Here, we revealed
the characteristics of EMT and miR-200a during the
fibrogenesis process of BA, and our data suggest that EMT
has an important role in the fibrotic process, the interaction

53 1SN1:0000000091950263



Open Science Index, Medical and Health Sciences Vol:11, No:2, 2017 publications.waset.org/10006259.pdf

World Academy of Science, Engineering and Technology
International Journal of Medica and Health Sciences
Vol:11, No:2, 2017

between miR-200a and ZEB1 may involve in BA liver fibrosis
through EMT.

In summary, we found that miR-200a prominently increases
in BA, which is associated with the progression of liver
fibrosis. The interaction between miR-200a and ZEB1 may
regulate EMT and ultimately influence liver fibrosis in BA.
Further study on the pathogenesis of BA liver fibrosis will
benefit the prognosis of BA patients.

ACKNOWLEDGMENTS

The present study was funded by Guangdong Provincial
Department  of  Science and  Technology, No.
2014A020212520.

REFERENCES

Hartley J, Harnden A, Kelly D. Biliary atresia. BMJ 2010; 340: ¢2383.
Kasai M. Advances in treatment of biliary atresia. Jpn J Surg 1983;
13(4): 265-276.

Pakarinen MP, Rintala RJ. Surgery of biliary atresia. Scand J Surg 2011;
100(1): 49-53.

Yang LY, Fu J, Peng XF, Pang SY, Gao KK, Chen ZR, He LJ, Wen Z,
Wang H, Li L, Wang FH, Yu JK, Xu Y, Gong ST, Xia HM, Liu HY.
Validation of aspartate aminotransferase to platelet ratio for diagnosis of
liver fibrosis and prediction of postoperative prognosis in infants with
biliary atresia. World J Gastroenterol 2015; 21(19): 5893-5900.

Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell
2009; 136(2): 215-233.

Garzon R, Marcucci G, Croce CM. Targeting microRNAs in cancer:
rationale, strategies and challenges. Nat Rev Drug Discov 2010; 9(10):
775-789.

Yang S, Banerjee S, de Freitas A, Sanders YY, Ding Q, Matalon S,
Thannickal VJ, Abraham E, Liu G. Participation of miR-200 in
pulmonary fibrosis. Am J Pathol 2012; 180(2): 484-493.

Xiong M, Jiang L, Zhou Y, Qiu W, Fang L, Tan R, Wen P, Yang J. The
miR-200 family regulates TGF-betal-induced renal tubular epithelial to
mesenchymal transition through Smad pathway by targeting ZEB1 and
ZEB2 expression. Am J Physiol Renal Physiol 2012; 302(3): F369-
F379.

Choi SS, Diehl AM. Epithelial-to-mesenchymal transitions in the liver.
Hepatology 2009; 50(6): 2007-2013.

Sicklick JK, Choi SS, Bustamante M, McCall SJ, Perez EH, Huang J, Li
YX, Rojkind M, Diehl AM. Evidence for epithelial-mesenchymal
transitions in adult liver cells. Am J Physiol Gastrointest Liver Physiol
2006; 291(4): G575-G583.

Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, Chen J,
Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J, Jiang X, Xiang Y, Xu
C, Zheng P, Zhang J, Li R, Zhang H, Shang X, Gong T, Ning G, Wang
J, Zen K, Zhang J, Zhang CY. Characterization of microRNAs in serum:
a novel class of biomarkers for diagnosis of cancer and other diseases.
Cell Res 2008; 18(10): 997-1006.

Zahm AM, Hand NJ, Boateng LA, Friedman JR. Circulating microRNA
is a biomarker of biliary atresia. J Pediatr Gastroenterol Nutr 2012;
55(4): 366-369.

Hartley JL, Davenport M, Kelly DA. Biliary atresia. Lancet 2009;
374(9702): 1704-1713.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, Denk H,
Desmet V, Korb G, MacSween RN, Et A. Histological grading and
staging of chronic hepatitis. ] Hepatol 1995; 22(6): 696-699.

Tomimaru Y, Eguchi H, Nagano H, Wada H, Kobayashi S, Marubashi
S, Tanemura M, Tomokuni A, Takemasa I, Umeshita K, Kanto T, Doki
Y, Mori M. Circulating microRNA-21 as a novel biomarker for
hepatocellular carcinoma. J Hepatol 2012; 56(1): 167-175.

Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-
Agadjanyan EL, Peterson A, Noteboom J, O'Briant KC, Allen A, Lin
DW, Urban N, Drescher CW, Knudsen BS, Stirewalt DL, Gentleman R,
Vessella RL, Nelson PS, Martin DB, Tewari M. Circulating microRNAs
as stable blood-based markers for cancer detection. Proc Natl Acad Sci
U S A 2008; 105(30): 10513-10518.

(1]
[2]

[3]
[4]

(3]
[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

International Scholarly and Scientific Research & Innovation 11(2) 2017

54

[17] Wang B, Koh P, Winbanks C, Coughlan MT, McClelland A, Watson A,
Jandeleit-Dahm K, Burns WC, Thomas MC, Cooper ME, Kantharidis P.
miR-200a Prevents renal fibrogenesis through repression of TGF-beta2
expression. Diabetes 2011; 60(1): 280-287.

Murakami Y, Toyoda H, Tanaka M, Kuroda M, Harada Y, Matsuda F,
Tajima A, Kosaka N, Ochiya T, Shimotohno K. The progression of liver
fibrosis is related with overexpression of the miR-199 and 200 families.
PLo0S One 2011; 6(1): e16081.

Xiao Y, Wang J, Yan W, Zhou Y, Chen Y, Zhou K, Wen J, Wang Y,
Cai W. Dysregulated miR-124 and miR-200 expression contribute to
cholangiocyte proliferation in the cholestatic liver by targeting IL-
6/STATS3 signalling. J Hepatol 2015; 62(4): 889-896.

Diaz R, Kim JW, Hui JJ, Li Z, Swain GP, Fong KS, Csiszar K, Russo
PA, Rand EB, Furth EE, Wells RG. Evidence for the epithelial to
mesenchymal transition in biliary atresia fibrosis. Hum Pathol 2008;
39(1): 102-115.

Deng YH, Pu CL, Li YC, Zhu J, Xiang C, Zhang MM, Guo CB.
Analysis of biliary epithelial-mesenchymal transition in portal tract
fibrogenesis in biliary atresia. Dig Dis Sci 2011; 56(3): 731-740.

Harada K, Sato Y, Ikeda H, Isse K, Ozaki S, Enomae M, Ohama K,
Katayanagi K, Kurumaya H, Matsui A, Nakanuma Y. Epithelial-
mesenchymal transition induced by biliary innate immunity contributes
to the sclerosing cholangiopathy of biliary atresia. J Pathol 2009; 217(5):
654-664.

Cong N, Du P, Zhang A, Shen F, Su J, Pu P, Wang T, Zjang J, Kang C,
Zhang Q. Downregulated microRNA-200a promotes EMT and tumor
growth through the wnt/beta-catenin pathway by targeting the E-
cadherin repressors ZEB1/ZEB2 in gastric adenocarcinoma. Oncol Rep
2013;29(4): 1579-1587.

Kalluri R. EMT: when epithelial cells decide to become mesenchymal-
like cells. J Clin Invest 2009; 119(6): 1417-1419.

Zeisberg M, Neilson EG. Biomarkers for epithelial-mesenchymal
transitions. J Clin Invest 2009; 119(6): 1429-1437.

Kisseleva T, Cong M, Paik Y, Scholten D, Jiang C, Benner C, Iwaisako
K, Moore-Morris T, Scott B, Tsukamoto H, Evans SM, Dillmann W,
Glass CK, Brenner DA. Myofibroblasts revert to an inactive phenotype
during regression of liver fibrosis. Proc Natl Acad Sci U S A 2012;
109(24): 9448-9453.

Bracken CP, Gregory PA, Kolesnikoff N, Bert AG, Wang J, Shannon
MF, Goodall GJ. A double-negative feedback loop between ZEB1-SIP1
and the microRNA-200 family regulates epithelial-mesenchymal
transition. Cancer Res 2008; 68(19): 7846-7854.

Dong R, Luo Y, Zheng S. alpha-SMA overexpression associated with
increased liver fibrosis in infants with biliary atresia. J Pediatr
Gastroenterol Nutr 2012; 55(6): 653-656.

Suominen JS, Lampela H, Heikkila P, Lohi J, Jalanko H, Pakarinen MP.
Myofibroblastic cell activation and neovascularization predict native
liver survival and development of esophageal varices in biliary atresia.
World J Gastroenterol 2014; 20(12): 3312-3319.

Zeisberg M, Yang C, Martino M, Duncan MB, Rieder F, Tanjore H,
Kalluri R. Fibroblasts derive from hepatocytes in liver fibrosis via
epithelial to mesenchymal transition. J Biol Chem 2007; 282(32):
23337-23347.

Xiao Y, Zhou Y, Chen Y, Zhou K, Wen J, Wang Y, Wang J, Cai W. The
expression of epithelial-mesenchymal transition-related proteins in
biliary epithelial cells is associated with liver fibrosis in biliary atresia.
Pediatr Res 2015; 77(2): 310-315.

Dai W, Zhao J, Tang N, Zeng X, Wu K, Ye C, Shi J, Lu C, Ning B,
Zhang J, Lin Y. MicroRNA-155 attenuates activation of hepatic stellate
cell by simultaneously preventing EMT process and ERK1 signalling
pathway. Liver Int 2015; 35(4): 1234-1243.

(18]

[19]

[20]

(21]

[22]

[23]

[24]
[25]

[26]

(27]

(28]

(29]

[30]

[31]

[32]

1SN1:0000000091950263



