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Low-dose paclitaxel modulates the cross talk between the JNK
and Smad signaling in primary biliary fibroblasts

Jiamei Lu! ©®, Liang Yu? ©®, Jianhua Shi%*

SUMMARY

OBJECTIVE: The objective of this study was to explore the molecular mechanism underlying the occurrence of benign bile duct stricture and the
target of low-dose paclitaxel in the prevention of benign bile duct stricture.

METHODS: Under the stimulation of transforming growth factor beta 1, the expression of collagen type | and connective tissue growth factor were
detected onisolated primary fibroblasts. The phosphorylation levels of JNK and Smad2L were detected using Western blot. The effect of low-dose
paclitaxel on the transforming growth factor beta 1-induced inhibition of type | collagen and connective tissue growth factor expression and JNK and
Smad?2L phosphorylation was also observed.

RESULTS: Transforming growth factor beta 1 induced the secretion of type | collagen and connective tissue growth factor as well as JNK phosphorylation
in biliary fibroblasts. The JNK inhibitor or siRNA-Smad?2 inhibited the transforming growth factor beta 1-induced secretion of type | collagen and
connective tissue growth factor. Low-dose paclitaxel inhibited the expression of type | collagen induced by transforming growth factor beta 1 and
may inhibit the secretion of collagen in biliary fibroblasts.

CONCLUSION: The activation of JNK/Smad2L induced by transforming growth factor beta 1isinvolved in the occurrence of benign bile duct stricture
that is mediated by the overexpression of type | collagen and connective tissue growth factor, and low-dose paclitaxel may inhibit the phosphorylation
of JNK/Smad?2L.
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INTRODUCTION

Anastomotic stricture of the bile duct is one of the main com-

collagen and connective tissue growth factor (CTGF) secretion inves-
tigated in relation to the molecular mechanisms was also obtained.
plications after liver transplantation, and the incidence rate is
as high as 24.9%!. The incidence of biliary stricture after liv-
ing-donor liver transplantation in children is as high as 10-35%?. METHODS
Bile duct stricture severely affects the life and treatment of

patients. Therefore, in order to effectively prevent benign bile Isolation, culture, and identification of primary

duct stricture, it is necessary to explore the molecular mecha-
nism underlying the occurrence of benign bile duct stricture.

Recent studies have found that low-dose paclitaxel can prevent
tissue fibrosis*®, and clinically, paclitaxel coating has been used to
prevent the occurrence of luminal narrowing of blood vessels®.
Preliminary animal studies of this subject showed that low-dose
paclitaxel-coated stents can inhibit the activation of biliary-enteric
anastomosis fibroblasts and the secretion of collagen through slow
topical administration, but the specific molecular mechanism is still
unclear’. In this study, we aimed to explore the molecular mecha-
nism underlying the occurrence of benign bile duct stricture. At the
same time, the effect of low-dose paclitaxel on the inhibition of type I

biliary fibroblasts

The isolation, culture, and identification of primary biliary
fibroblasts were performed according to the earlier reported
procedure from Wistar rats®. The following experiments were
performed using the fifth generation cells, and the cells were
starved with 10 mL/L fetal calf serum for 12 h before any
interventions. SP600125 (Calbiochem, USA) inhibits JNK
phosphorylation. Paclitaxel was purchased from Sigma, and
transforming growth factor beta 1 (TGF-f1) was purchased
from Peprotech. The experiment was approved by the Animal
Ethical Board for Biomedical Experiments of The First Affiliated
Hospital of Xi’an Jiaotong University.
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siRNA transient transfection of siRNA into cells

Transfection was carried out using Lipofectamine 2000 in accor-
dance with Invitrogen’s manufacturer protocol. Western blot-
ting was performed for 48 h after transfection to determine

the inhibitory effect on protein expression.

Enzyme-linked immunosorbent assay test

Following centrifugation at 1,000 r/min for 5 min at 4°C, the
supernatant of medium was collected and stored in a refriger-
ator at -20°C. The type I collagen enzyme-linked immunosor-
bent assay detection kit (MyBioSource, San Diego, CA, USA)
was used to detect the corresponding protein expression level

in accordance with the manufacturer’s instructions.

Western blotting for the detection of protein levels

The proteins were separated using SDS-polyacrylamide gel elec-
trophoresis and transferred to a PVDF membrane. The mem-
brane was blocked with 0.1% BSA in PBS for 1 h at room
temperature and then incubated with the primary antibodies in
PBST overnight at 4°C. The membrane was incubated with a
goat anti-rabbit secondary antibody (1:2,000) for 1 h at room
temperature. Scion NIH image analysis software was used to
detect the intensity of the protein bands on Western blot in
order to determine the expression level of the target protein.

Statistical analysis

The experimental results are expressed as meantstandard devia-
tion. One-way analysis of variance was used to compare multiple
groups of data, while the comparison between the two groups
was performed by LSD test using SPSS version 17.0 software.
p<0.05 was regarded as statistically significant, and p<0.01
was regarded as the difference of high statistical significance.

RESULTS

Transforming growth factor beta 1 induces
collagen secretion in biliary fibroblasts

According to Table 1 and Figure 1A, TGF-B1 induced the secre-
tion of type I collagen in biliary fibroblasts in a dose-dependent

manner, and 10 ng/mL TGF-B1 increased the level of type I
collagen secreted by 2.07 times compared with the control

group (p<0.01).

Transforming growth factor beta 1 induces the
expression of connective tissue growth factor in
biliary fibroblasts in a dose-dependent manner
As shown in Figure 1B, TGF-B1 induced the CTGF expres-
sion in a dose-dependent manner, and we found that
10 ng/mL TGF-B1 increased the CTGF expression by 3.28 times
as compared to the control group (p<0.01).

Transforming growth factor beta 1 induces
phosphorylation of JNK in biliary fibroblasts in a
dose-dependent manner

As shown in Figure 1C, 3 ng/mL TGF-B1 increased the phos-
phorylation level of JNK as compared to the control group
(p<0.05), whereas 5 ng/mL TGF-B1 increased the phosphor-
ylation level of JNK by 3.85 times compared with the control
group (p<0.01).

Transforming growth factor beta 1-induced
phosphorylation of JNK mediates the activation
of Smad2L

In comparison with the control group, the phosphorylation of
Smad2L was induced in the TGF-B1 group (p<0.05). In con-
trast, compared with the TGF-B1 group, the JNK inhibitor
SP600125 inhibited the phosphorylation of Smad2L mediated
by TGF-B1 (p<0.05; Figure 1D).

Selection of Smad2 gene-specific siRNA for
biliary fibroblasts via Smad2 siRNA interference
screening

As shown in Figure 1E, the Western blot following 48 h
post-transfection indicates that Smad2 siRNA-3 had a significant
inhibitory effect on the negative control group and the blank
control group (p<0.01), while Smad2 siRNA-1 and -2 had no
obvious inhibitory effect. Therefore, we chose Smad2 siRNA

3 for follow-up experiments.

Table 1. Transforming growth factor beta 1 induces collagen secretion in biliary fibroblasts.

Concentration of Transforming growth factor

beta 1 (ng/mL)

Concentration of collagen (ng/mL) 2.37+0.76

2.51+0.50 3.35£1.05 4.90£1.06™

*The difference is statistically significant (p<0.01) in comparison with the control group.
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Figure 1. Transforming growth factor comparison: (A) collagen production in biliary fibroblasts, (B) connective tissue growth factor expression
in biliary fibroblasts, (C) phosphorylation of JNK in biliary fibroblasts, (D) phosphorylation of JNK mediates the phosphorylation of Smad2L, (E)
inhibitory effect of three siRNAs on Smad2 protein, and (F) JNK/Smad2L signaling pathway mediates the secretion of connective tissue growth
factor. *The difference is statistically significant (p<0.01) in comparison with the control group. #The difference is statistically significant (p<0.05)

in comparison with the transforming growth factor beta 1 group.

Transforming growth factor beta 1 activates the
JNK/Smad2L signaling pathway and mediates

the secretion of connective tissue growth factor
Compared with the control group, the expression level of CTGF
in the TGF-B1 group was enhanced (p<0.01). The JNK inhibi-
tor SP600125 inhibited the expression level of CTGF that was
mediated by TGF-P1 as compared with the TGF-B1 group.
In the Smad2 siRNA group, TGF-B1-mediated CTGF expres-
sion was also inhibited. Compared with the JNK inhibitor
group and the Smad2 siRNA group, no significant difference
in the expression level of CTGF mediated by TGF-P1 was
observed. Thus, it might be suggested that TGF-1 mediates
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the expression of CTGF by activating the JNK/Smad2L sig-
naling pathway (Figure 1F).

Transforming growth factor beta 1 induces

the phosphorylation of JNK and Smad2L and
mediates the expression of type | collagen

Figure 2A shows that compared with the control group, the
expression level of type I collagen of the TGF-B1 group was
increased (p<0.01). The JNK inhibitor SP600125 inhibited
the expression level of type I collagen mediated by TGF-B1.
In the Smad2 siRNA group, the expression level of type I col-
lagen mediated by TGF-B1 was also inhibited. Therefore, these
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Figure 2. Molecular mechanism explained that (A) transforming growth factor beta 1 induces the phosphorylation of JNK and Smad2L and
mediates the secretion of type | collagen, (B) paclitaxel inhibits the expression of type | collagen induced by transforming growth factor beta
1, (C) JNK phosphorylation induced by transforming growth factor beta 1, (D) transforming growth factor beta-mediated phosphorylation of
Smad2L, and (E) transforming growth factor beta 1-induced connective tissue growth factor expression. *The difference is statistically significant
(p<0.01) in comparison with the control group; #The difference is statistically significant (p<0.05) in comparison with the transforming growth

factor beta 1 group.

findings suggest that TGF-B1 mediates the expression of type
I collagen by activating the JNK/Smad2L signaling pathway.

Paclitaxel inhibits transforming growth factor
beta 1-mediated secretion of type | collagenin
biliary fibroblasts in a dose-dependent manner
As shown in Figure 2B, 10 ng/mL TGF-P1 significantly increased
the secretion of type I collagen in biliary fibroblasts as compared
with the control group. Paclitaxel dose-dependently inhibited
the TGF-P1-mediated secretion of type I collagen in biliary
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fibroblasts. Particularly, 20 nmol/L paclitaxel significantly
reduced the secretion of type I collagen in biliary fibroblasts
compared with the TGF-B1 group, suggesting that 20 nmol/L
paclitaxel has a significant inhibitory effect on TGF-P1-induced
type I collagen secretion in biliary fibroblasts. In the absence
of TGF-B1 stimulation, paclitaxel has no significant effect on
type I collagen of biliary fibroblasts (compared with the blank
control group, p>0.05). Therefore, 20 nmol/L paclitaxel was

chosen for follow-up experimental research.
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Effect of paclitaxel on JNK phosphorylation
induced by transforming growth factor beta 1
The results in Figure 2C indicate that paclitaxel can significantly
inhibit the level of JNK phosphorylation induced by TGF-1
(p<0.05, compared with the TGF-B1 group). However, its
effect was not statistically different compared with the JNK
inhibitor group (p>0.05).

Effect of paclitaxel on transforming growth factor
beta 1-mediated phosphorylation of Smad2L

In order to explore whether paclitaxel can inhibit the phos-
phorylation of Smad2L induced by TGF-B1, the results in
Figure 2D indicate that paclitaxel can significantly inhibit the
phosphorylation of Smad2L induced by TGF-B1 (p<0.05,
compared with the TGF-B1 group). Nevertheless, there is no
statistical difference in its effect when compared with the JNK
inhibitor group or siRNA group (p>0.05).

Paclitaxel inhibits the transforming growth
factor beta 1-mediated expression of
connective tissue growth factor in biliary
fibroblasts

To examine whether padlitaxel can inhibit TGF-B1-induced expres-
sion of CTGE the results in Figure 2E indicate that paclitaxel can
significantly inhibit the TGF-B1-induced secretion of CTGF com-
pared with the TGF-B1 group, and its effect is similar to that in
the TGF-B1 group. Nevertheless, there was no statistical difference
when compared with the JNK inhibitor group or the siRNA group
(p>0.05), indicating that paclitaxel inhibits CTGF secretion possibly
via the suppression of the phosphorylation of JNK and Smad2L.

DISCUSSION

A growing body of evidence suggests that non-Smad pathways
are involved in the transduction of TGF-f signals. These non-
Smad pathways can be directly mediated by TGF-P or can involve
in the regulation of TGF-f/Smad signal transduction, thereby
bestowing TGF-f with multiple biological functions’. Recently,
Lessard et al. found that JNK can adjust skeletal muscle remodel-
ing through Smad2'’. Shapira etal. reported that increased phos-
phorylation of JNK can increase the translation and activation
of Smad2/3 induced by TGF-B''. Smads protein is composed
of conserved MH1, MH2, and intermediate linking regions and
a central mediator of TGF-P signal transduction. TGF-B type
I receptor (TPBRI) phosphorylates the COOH-terminal serine
residues of Smads protein activated by membrane receptors,
and the intermediate linking region can be phosphorylated by
Ras-related kinases, such as ERK, JNK, P38, and CDK4!>13,
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TGF-B1 not only directly mediates the phosphorylation of the
COQOH-terminal serine residues of Smads by activating the TBRI
but also promotes the activation of Ras-related kinases through
TGE-P activated kinase 1 and mediates the phosphorylation of
Smads protein linking region to coordinate TGF-B1 signal trans-
duction®. The TGF-1-mediated Ras-related kinase-dependent
Smad?2/3 intermediate linking region promotes not only cell pro-
liferation but also tissue fibrosis. Abe et al. found that ERK1/2
contributed to the increase of the collagen synthesis mediated
by TGF-B1 in cardiac fibroblasts, which was accompanied by
phosphorylation of the intermediate linking region of Smad2,
while the loss of ERK significantly down-regulated the expression
of collagen'. In this study, TGF-P1 induced the expression of
CTGF and type I collagen in a dose-dependent manner, accom-
panied by increased phosphorylation of JNK and Smad2L, and
inhibition of phosphorylation of JNK or Smad2L could reduce
the expression of CTGF and type I collagen. JNK inhibitors can
also inhibit the phosphorylation of Smad2L induced by TGF-
B1, suggesting that the TGF-B1-induced expression of CTGF
and type I collagen in biliary fibroblasts is mediated by the JNK/
Smad2L pathway. Hence, TGF-B1/JNK/Smad2L is involved in
the occurrence of benign bile duct stricture.

Recent studies suggest that low-dose paclitaxel (10-50 nM)
is able to prevent tissue fibrosis by regulating the TGF-$1/Smads
signaling pathway and inhibiting the phosphorylation of Smad2/3
to reduce the deposition of collagen'"7. The results of this study
suggest that low-dose paclitaxel inhibits the TGF-B1-induced
secretion of collagen in a dose-dependent manner, accompa-
nied by the inhibition on phosphorylation of JNK and Smad2L.
Therefore, we found that low-dose paclitaxel-induced inhibitory
effect on the secretion of collagen may be achieved by inhibiting
the phosphorylation of JNK and Smad2L, and low-dose paclitaxel
may regulate the TGF-B1/Smads signaling pathway through JNK

to downregulate collagen secretion in human biliary fibroblasts.

CONCLUSION

Our present study demonstrated that activation of JNK/Smad2L
induced by TGF-B1 is involved in the occurrence of benign bile
duct stricture that is mediated by the overexpression of type I
collagen and CTGE and low-dose paclitaxel may inhibit the
phosphorylation of JNK/Smad2L.
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