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Abstract
AIM: To characterize the expression of members of 
the transforming growth factor-beta (TGF-β)/Smad/
connective tissue growth factor (CTGF) signaling 
pathway in the tissue of benign biliary stricture, and 
to investigate the effect of TGF-β signaling pathway in 
the pathogenesis of benign biliary stricture.
METHODS: Paraff in embedded materials from 
23 cases of benign biliary stricture were analyzed 
for members of the TGF-β/Smad/CTGF signaling 
pathway. TGF-β1, TβRⅠ, TβRⅡ, Smad4, Smad7 and 
CTGF protein were detected by immunohistochemical 
strepto-advidinbiotin complex method, and CTGF  
mRNA was evaluated by hybridization in situ , while 
6 cases of normal bile duct served as controls. The 
percentages of positive cells were counted. The 
correlation between TGF-β1, Smad4 and CTGF was 
analyzed.
RESULTS: The positive expression ratios of TGF-β1, 
TβRⅠ , TβRⅡ , Smad4, CTGF and CTGF  mRNA in 23 
cases with benign biliary stricture were 91.3%, 82.6%, 
87.0%, 78.3%, 82.6% and 65.2%, respectively, 
significantly higher than that in 6 cases of normal bile 
duct respectively (vs  33.3%, 16.7%, 50.0%, 33.3%, 
50.0%, 16.7%, respectively, P  < 0.05). The positive 

expression ratio of Smad7 in cases with benign biliary 
stricture was 70.0%, higher than that in normal bile 
duct, but this difference is not statistically significant  
70.0% vs  50%, P  > 0.05). There was a positive 
correlation between positive expression of TGF-β1, 
Smad4 and CTGF in cases with benign biliary stricture.
CONCLUSION: The high expression of TGF-β/Smad/
CTGF signaling pathway plays an important role in the 
pathogenesis of benign biliary stricture.
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INTRODUCTION
Benign biliary strictures are caused by a heterogeneous 
group of  benign conditions. They are usually iatrogenic, 
most frequently as a result of  cholecystectomy[1]. The 
incidence of  this complication has increased with 
the widespread use of  laparoscopic cholecystectomy 
(LC)[2-4]. Other causes of  benign biliary strictures include 
hepatolithiasis, recurrent cholangitis, infection with the 
fluke, Mirizzi syndrome, etc[5]. Anastomotic strictures are 
seen following bile duct reconstruction or orthotopic 
liver transplant (OLT)[6,7].

The main manifestations of  benign biliary stricture 
are scar contracture and stenosis of  bile duct, especially 
at the hepatic hilum or above[8]. The diagnosis and 
treatment of  benign biliary strictures remains a clinical 
challenge, requiring a multidisciplinary approach. The 
pathogenesis of  benign biliary stricture is still unclear.

It is well known that the cytokine transforming 
growth factor beta 1 (TGF-β1) has a key role either in 
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the wound healing process or induction of  fibrosis. The 
biological effect of  TGF-β1 is regulated by a special 
signal transduction pathway[9,10]. Following activation of  
the TGF-β receptor, intracellular signal transduction is 
mediated by a variety of  Smad proteins[11-13]. Connective 
tissue growth factor (CTGF), which promotes cell 
proliferation and deposition of  extracellular matrix 
(ECM), is a downstream medium in the process in which 
TGF-β1 produces a marked effect on connective tissue 
cell. The aim of  the present study was to determine 
the expressions of  various cytokines in TGF-β/Smad/
CTGF signaling pathway in tissue of  benign biliary 
stricture, and to further investigate the role of  TGF-β 
signaling pathway in the pathogenesis of  benign biliary 
stricture.

MATERIALS AND METHODS
Patients and pathologic specimens
The study population included 23 patients (10 males and 
13 females; mean age 50 years) who underwent benign 
biliary strictures (between June 2003 and November 
2005, in Department of  Hepatobiliary Surgery, First 
Affiliated Hospital, Medical College, Xi’an Jiaotong 
University, Xi’an). The average time interval between the 
first surgery and the second surgery was 16 mo, and the 
average admission time was 22 d. The causes of  benign 
biliary stricture were bile duct injury or anastomotic 
stricture after biliary reconstruction (n = 17), hepato-
lithiasis (n = 3) and recurrent cholangitis (n = 3). The 
specimens were obtained from the cicatrices of  bile 
duct. Fibrosis was seen from HE staining. Six normal 
specimens of  bile duct were obtained from donators in 
liver transplantation. The study protocol was approved 
by the Ethics Communittee of  the First Affiliated 
Hospital, Medical College, Xi’an Jiaotong University.

Antibodies
Antibodies to TGF-β1 (Rabbit anti-human monoclonal 
antibody, Santa-dilution 1:400), TβRⅠ (Rabbit anti-
human monoclonal antibody, Santa-dilution 1:400),  
TβRⅡ (Rabbit anti-human monoclonal antibody, Santa-
dilution 1:300), Smad4 (Rabbit anti-human monoclonal 
antibody, Santa-dilution 1:400), Smad7 (Rabbit anti-
human monoclonal antibody, Santa-dilution 1:400) and 
CTGF (Rabbit anti-human monoclonal antibody, Santa-
dilution 1:300) were purchased from Wuhan Boster 
Biological Technology Co. Ltd.

Immunohistochemical analysis
The expression of  TGF-β1, TβRⅠ, TβRⅡ, Smad4, 
Smad7 and CTGF was detected by SABC immunohisto-
chemical method. The test kit of  SABC was the product 
of  Wuhan Boster Biological Technology Co. Ltd. In the 
control group, the primary antibody was replaced with 
PBS or normal rabbit serum. All paraffin embedded 
sections were deparaffinized and rehydrated, and 
pretreated for 20 min at 75℃ in a microwave oven. After 
being treated with 1 mL/L H2O2 for 30 min to block the 

endogenous peroxidase, the sections were incubated with 
20 mL/L fetal calf  serum for 30 min to reduce nonspecific 
binding. Then the primary TGF-β1, TβRⅠ, TβRⅡ, 
Smad4, Smad7 and CTGF antibodies were applied to the 
sections and incubated at 4℃ overnight. The sections 
were subsequently incubated with goat anti rabbit IgG at 
37℃ for 30 min, followed by incubation with SABC at 
37℃ for 30 min, and stained with DAB-H2O2 for 5-10 
min and counterstained with hematoxylin.

In situ hybridization for CTGF mRNA
CT GF mRNA ISH detect ion k i t and ant i sense 
ol ig onuc leot ide probe (d ig ox in- l abe led ) were 
purchased from Wuhan Boster Biological Technology 
Co. Ltd. A 30-mer sequence that is complementary 
to the region of  CTGF mRNA was synthesized 
as fo l lows : (1 ) 5 ' -CTG CTGCCGCGTCTGCG
CCAAGCAGCTGGG-3 ' ; (2 ) 5 ' -CAACTGCCT
GGTCCAGACCACAGAGTGGAG-3 ' ; ( 3 ) 5 ' - 
TGTACTACAGGAAGATGTACGGAGACATGG-3'. 
In brief, deparaffinized sections were incubated with 3% 
hydrogen peroxide for 30 min and then with 1 g/mL 
pepsin for 15 min. The prehybridization was performed 
at 37℃ for 2 h, and the hybridization was conducted in a 
42℃ water bath for 18 h with each section covered with 
a soil coverslip. After thorough washing, tissue sections 
were preblocked for 20 min with blocking solution. 
Then, mouse anti-digoxin antibody was added for  
60 min at 37℃. After washed in PBS, the sections were 
visualized according to the manufacturer’s instructions. 
A negative control was prepared by using a hybridization 
solution without the probe.

Assessment of staining reactions
A positive reaction was detected as plasmatic stain 
presenting in yellow or brown-yellow color. A modified 
Shimizu’s method[14] was used to assess staining reactions. 
We selected 10 visual fields under HP microscope and 
counted 100 cells randomly. The following scoring 
system was used: (1) score 0, positively stained cytoplasm 
in less than 5% of  cells; score 1, 5% - 35% positive; 
score 2, 36%-65% positive; and score 3, > 66% positive; 
(2) The staining intensity was estimated using a 4-grade 
scoring system (0, 1, 2, 3): very weak (1+ staining in 
some cells) (Score 0); weak (1+ staining in cells) (Score 
1); moderate (2+ staining in cells) (Score 2); strong (3+ 
staining in cells) (Score 3). The examiners were blinded 
to patients’ clinical and histological (HE staining) 
profile. Two investigators evaluated the staining levels 
independently, after which any discordant evaluations 
were adjusted by connected microscopes and scored 
jointly. The 1st and 2nd score were added together and 
divided 2, then the mean was made the final score; 0, 
1, 1.5-2, 2.5-3 were recorded as (-), (+), (++), (+++) 
respectively.

Statistical analysis
The percentages of  positive cells according to the 
f ina l score of  TGF-β 1, TβRⅠ, TβRⅡ, Smad4, 
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Smad7, CTGF and CTGF mRNA were calculated. 
Fisher’s exact probability test was used to analyze the 
relationship between stricture group and normal control 
group. Spearman linear correlation analysis was used 
to analyze correlativity between TGF-β1, Smad4 and 
CTGF, respectively. P < 0.05 was considered statistically 
significant in difference. Statistical analyses were 
performed with SPSS version 11.0 (SPSS Inc., Chicago, 
IL, USA).

RESULTS
Expression of TGF-β1, TβRⅠ, TβRⅡ Smad4, Smad7, 
CTGF and CTGF mRNA in benign biliary stricture group 
and normal control group
TGF-β1/TβR was expressed focally or diffusely 
in granulation tissue and cytoplasm of  fibroblasts, 
mac rophag es, va scu l a r endo the l i a l c e l l s , and 
inflammatory cells (Figure 1A). The expression of  
TGF-β1 was weak in fibrous tissue of  normal bile duct 
wall. The positive percentages of  TGF-β1, TβRⅠ and 
TβRⅡ at benign biliary stricture group were 91.3% 
(21/23), 82.6% (19/23) and 87.0% (20/23), respectively. 
Smad4/Smad7 was mainly expressed in cytoplasm 
and nucleus of  fibroblasts, and some was expressed 

in fibrocytes (Figure 1B). The positive percentages of  
Smad4 and Smad7 at benign biliary stricture group were 
78.3% (18/23) and 70.0% (16/23), respectively. Positive 
cells of  CTGF were stained as yellow or brownish yellow 
granules in cytoplasm at immunohistochemical staining 
and in situ hybridization staining (Figure 1C and D). 
CTGF was expressed mainly in cytoplasm of  fibroblasts 
in benign biliary stricture group, while it was scarely 
expressed in fibrocytes in the wall of  common bile duct 
of  normal control group. The positive percentages of  
CTGF and CTGF mRNA of  benign biliary stricture 
g roup were 82.6% (19/23) and 65.2% (15/23) , 
respectively. The percentages of  positive expression of  
various cytokines in TGF-β1/Smad/CTGF signaling 
pathway in benign biliary stricture group and normal 
control group are shown in Table 1.

Linear correlation of TGF-β/ Smad/ CTGF expression
By Spearman linear correlation analysis, expression of  
TGF-β1 has positive correlation with expression of  
Smad4 (r = 0.848, P = 0.000) and CTGF (r = 0.848, P = 
0.000); furthermore, Smad4 also has positive correlation 
with CTGF (r = 0.764, P = 0.000). Linear correlations 
of  TGF-β/Smad/CTGF expression are shown in  
Figure 2.

A

DC

B
Figure 1  A: TGF-β1 staining at stenotic bile 
duct (SABC, x 400); B: Smad4 staining at 
stenotic bile duct (SABC, x 400); C: CTGF 
staining at stenotic bile duct (SABC, x 400); 
D: CTGF mRNA staining at stenotic bile 
duct (INS, x 400).

Geng ZM et al . TGF-β signaling pathway in benign biliary stricture                                                                4951

www.wjgnet.com

Table 1  Positive expression of various cytokines in TGF-β1/Smad/CTGF signaling pathway in benign biliary stricture group and 
normal control group

Group TGF-β1 TβRⅠ TβRⅡ Smad4 Smad7 CTGF CTGF mRNA

Benign biliary stricture (%) 91.3a 82.6a 87.0a 78.3a 70.0 82.6a 65.2a

Normal control (%) 33.3 16.7 50.0 33.3 50.0 50.0 16.7

aP < 0.05 vs control.



DISCUSSION
In our previous study, we found that epithelial cells of  
the bile duct recovered poorly, chronic inflammation 
existed continuously, fibroblasts proliferated actively, 
collagens were over-deposited in submucosa, and 
reconstruction was poor after injury of  bile duct. 
All these result in proliferation of  cicatrix and high 
morbidity of  stenosis of  anastomosis[8]. Many studies 
have shown that TGF-β1 is the most important cytokine 
in the pathogenesis of  over proliferation of  cicatrix[15-17]. 
High expression of  TGF-β1 and its receptors was found 
in keloid, and the expression of  TGF-β1 was significantly 
high in fibroblasts of  hypertrophic scar tissues that were 
cultivated in vitro[18]. In the present study, we observed 
that the expression of  TGF-β1 in stenotic bile duct 
is significantly higher than that in normal bile duct, 
further confirming the outcome of  our previous animal 
experiment[19].

Biological effects of  TGF-β are regulated by specific 
signal transduction pathway. Smad family proteins have 
been identified as signal transducers for the TGF-β 
superfamily[20-22]. Following activation of  the TGF-β 
receptor, intracellular signal transduction is mediated 

by a variety of  Smad proteins. TGF-β1/Smad signal 
transduction pathway can regulate itself  by positive 
and negative feedback regulation loops[23,24]. Smad4/
Smad7 are the important factors in the two circuit 
loops, respectively. In the TβRⅠ, TβRⅡ and Smad 
signaling pathway, TGF-β1 can transfer and amplify 
signal, initiating its diverse cellular responses by binding 
to and activating specific cell surface receptors that have 
intrinsic serine/threonine kinase activity. These activated 
TGF-β receptors stimulate the phosphorylation of  
receptor-regulated Smad proteins (PSmad), which in 
turn form complexes with Smad4 that accumulate in the 
nucleus, activate the promoter of  TGF-β1 and induce 
the expression of  endogenous TGF-β1 by itself; this 
forms the positive feedback regulation loop. Meanwhile, 
PSmad proteins also can activate the promoter of  Smad7 
that inhibits TGF-β-induced transcriptional responses[25]. 
Psmad2 and Psmad3 may also affect its own promoter 
region, inhibiting transcription itself, and down-regulate 
the expression of  R-Smad proteins, inhibiting signal 
transduction[26]. Accordingly, TGF-β1 inhibits its signal 
transduction by negative feedback regulation loop made 
by activating Smad7 expression and down-regulating 
R-Smad expression.

This study indicates that TβRⅠ, TβRⅡ, Smad4 in 
tissue of  stenotic bile duct also have high expression 
besides TGF-β1; furthermore high, expression of  
TGF-β1 has positive correlation with Smad4 (r = 0.848, 
P = 0.000). We believe that this may be because high-
expression of  TGF-β can promote the expression of  
itself  and its receptor by a positive feedback regulation 
loop. This over-expression then could amplify bioactivity 
and constantly activate smads complexes, which 
accumulate in the nucleus and regulate the transcription 
of  target genes, resulting in active proliferation of  
fibroblasts and excessive collagen deposition. So, we can 
presume that high-expression of  R-Smad and Co-smad 
maybe an important mechanism in pathogenesis of  
benign biliary stricture. Lasting stimulus of  TGF-β1 that 
was constantly secreted in tissue of  stenotic bile duct 
and high-sensitivity of  the receptor to TGF-β1 possibly 
result in the above consequences.

This study also has observed that the expression 
of  Smad7 is higher in tissue of  stenotic bile duct than 
that in normal bile duct, but there was no statistical 
significance between the two groups. We think that 
because of  the tissue difference, Smad7, which is up-
regulated in benign biliary cicatrix does not predominate 
in the competition with R-smad that was also activated 
and up-regulated, so Smad7 can’t play a role in 
inhibitive function. R-smad, which predominates in the 
competition, is phosphorylated by TβRⅠ and further 
binds to Smad4; the complex transfers into nucleus and 
regulates the expression of  target genes. 

CTGF is considered a modulator and assisted 
mediated factor that mediates biologic function of  other 
molecules, and promotes fission of  fibroblasts and 
accumulation of  collagen[27]. CTGF can promote the 
synthesis of  ECM such as collagen I, collagen Ⅲ and 
FN. Lasky et al observed that CTGF is over-expressed in 
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Figure 2  A: Correlation between TGF-β1 and Smad4; B: Correlation between 
TGF-β1 and CTGF; C: Correlation between Smad4 and CTGF.
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pathogenesis of  fibrosis in skin, kidney, liver and heart[28]. 
Igarashi et al[29] thought that the expression of  CTGF gene 
is directly regulated by TGF-β1. Grotendorst et al[30] also 
believed that CTGF, which promoted cell proliferation 
and deposition of  ECM, was a downstream medium in 
the process in which TGF-β1 produced a marked effect 
on connective tissue cell.

The results have shown that expression of  CTGF 
in stenotic bile duct tissue is significantly higher than in 
normal bile duct specimens. This difference indicated 
that CTGF plays an important role in the pathogenesis 
of  over proliferation of  cicatrix and benign biliary 
stricture. The expression of  TGF-β1 has a positive 
correlation with that of  CTGF (r = 0.848, P = 0.000); 
this confirms that both of  them play roles of  superior 
and inferior grade in signal transduction pathway in the 
pathogenesis of  benign biliary stricture, similar to other 
fibrotic disease, whereas the positive correlation between 
expression of  Smad4 and CTGF (r = 0.764, P = 0.000) 
indicates that the relationship between TGF-β1 and 
CTGF is connected by Smads signaling pathway.

Taken together, the present study indicates that the 
mechanism of  effect in TGF-β1/Smad/CTGF signaling 
pathway is as follows. The continuity of  bile duct wall 
is destroyed after bile duct injury, which results in 
changes of  adjacent intra-cellular metabolism. Then, 
TGF-β is released and binded to the type Ⅱ receptor at 
first; thus a binary complex is formed. Type Ⅰ receptor 
then is recruited and phosphorylated in its GS domain 
by TβRⅡ, leading to activation of  its kinase activity 
and subsequent formation of  a signaling complex. 
R-Smads are phosphorylated by this signaling complex, 
and in turn can form heteromeric complexes with 
Smad4. These activated Smad complexes accumulate 
in the nucleus, where they directly or indirectly bind 
to specific promoter regions on target genes together 
with transcription factor (TF) and/or co-activators/
repressors, and downstream mediator CTGF is 
activated. The activation of  TGF-β/Smad/CTGF 
signal transduction pathway can result in fibrosis in the 
interaction between cell and ECM, cause disorder of  
metabolism and regulation between inflammatory cell, 
repairing cell and collagen. Fibrocytes in submucosa are 
transformed into activated fibroblasts, which proliferate 
abundantly, and synthesize and secrete collagen fibers. 
Under the stimulus of  bile and secondary infection, 
inflammation extends and the wound healing process 
disorders, chronic inflammation exists continuously, 
fibroblasts proliferate constantly, collagens are over-
deposited in submucosa. All these result in a prolonged 
healing process of  bile duct, proliferation of  cicatrix and 
morbidity of  benign biliary stricture.

 COMMENTS
Background
Transforming growth factor beta 1 (TGF-β1) has a key role either in the wound 
healing process or induction of fibrosis. The biological effects of TGF-β1 are 
regulated by TGF-β/Smad/connective tissue growth factor (CTGF) signaling 
pathway. The main manifestations of benign biliary stricture are scar contracture 

and stenosis of bile duct. The exact role of TGF-β signaling pathway in the 
pathogenesis of benign biliary stricture is still unknown.
Research frontiers
In the last few years, many studies have shown that TGF-β1 is the most 
important cytokine in the pathogenesis of over proliferation of cicatrix. Biological 
effects of TGF-β are regulated by specific signal transduction pathway. Smad 
family proteins have been identified as signal transducers for the TGF-β 
superfamily. The expression of CTGF gene is regulated directly by TGF-β1. 
CTGF, which promotes cell proliferation and deposition of extracellular matrix 
(ECM), is a downstream medium in the process in which TGF-β1 produces a 
marked effect on connective tissue cell.
Innovations and breakthroughs
The high expression of TGF-β/Smad/CTGF signaling pathway plays an 
important role in the pathogenesis of benign biliary stricture. These results 
demonstrate a new view of TGF-β signaling pathway involved in the benign 
biliary stricture.
Applications
This study indicates that the mechanism of TGF-β1/Smad/CTGF signaling 
pathway in pathogenesis of benign biliary stricture. It may provide new targets 
for further understanding of the pathogenesis of benign biliary stricture and new 
therapeutic targets.
Terminology
Smads are the only substrates for type Ⅰ receptor kinases known to have a 
signalling function; they were first identified as the products of the Drosophila 
Mad and C. elegans Sma genes, which lie downstream of the BMP-analogous 
ligand-receptor systems in these organisms. Smad proteins transduce signals 
from TGF-β superfamily ligands that regulate cell proliferation, differentiation 
and death through activation of receptor serine/threonine kinases.
Peer review
The study is well designed and contains important information and novelties 
concerting TGF-β1 signaling pathway in benign billiary stricture. The authors 
performed a great amount of experiments and a comprehensive statistical 
analysis of data.
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