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Abstract. Transforming growth factor  (TGF-f) signaling is
pivotal for the progression of specific types of tumors at certain
stages. However, the mechanism by which TGF-f is regulated
by other factors remains unclear. In this study, the involve-
ment of SP600125, an inhibitor of c-Jun N-terminal kinase
(JNK), in TGF-p-induced apoptosis of the RBE human chol-
angiocarcinoma cell line was investigated. Exogenous TGF-31
activated Smad and non-Smad signaling pathways, including
the JNK pathway in RBE cells, and induced apoptosis, which
was inhibited by knockdown of Smad4 expression. SP600125
increased the TGF-f1-induced phosphorylation of Smad?2 and
Smad3, which enhanced the TGF-p1-induced transcriptional
response and apoptosis in RBE cells. The effect of SP600125
on the transcriptional response and apoptosis was reduced by
knockdown of Smad4 expression. In addition, TGF-B1-induced
apoptosis was abrogated using the pan-caspase inhibitor
Z-VAD-fmk. SP600125 promoted the TGF-B1-induced
caspase cleavage, while knockdown of Smad4 expression
counteracted this effect. These results indicate that SP600125
enhances TGF-B-induced apoptosis of RBE cells through
a Smad-dependent pathway that involves Smad-dependent
caspase activation. SP600125 is hypothesized to be an ideal
therapeutic candidate for treating human cholangiocarcinoma.

Introduction

Due to the limitations in the efficacy of conventional cancer
therapies, cholangiocarcinoma usually has a poor prognosis (1).
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To reduce the rate of cholangiocarcinoma-associated mortality,
it is essential to develop therapeutics that target the signaling
pathways involved in this carcinoma (2). The transforming
growth factor B (TGF-f) signaling pathway has become an
attractive target due to its pleiotropic physiological proper-
ties in the regulation of cell proliferation, differentiation,
migration, cell survival, angiogenesis and immunosurveil-
lance (3). In response to TGF-f, receptor activation leads to
the phosphorylation of cytoplasmic Smad2 and Smad3, which
associates with Smad4 and translocates into the nucleus,
where it regulates the transcription of TGF-f3 target genes (4).
Furthermore, TGF-f induces non-Smad pathways, including
phosphoinositide 3-kinases (PI3K), c-Jun N-terminal kinases
(JNK), Erk, p38 mitogen activated protein kinases (MAPK)
and Rho (5).

TGF-p exhibits a dual role as either a tumor promoter
or a tumor suppressor in carcinogenesis, the role is largely
dependent on signals from the tumor microenvironment (6).
TGF-f responses result from Smad cascade activation and also
cell-type specific interactions of Smad signaling with a variety
of other intracellular signaling, which may or may not have
been triggered by TGF-f (7).

Although crosstalk between Smad and non-Smad path-
ways exists, the mechanism by which they regulate each other
is unclear. The TGF-f/Smad pathway may be regulated by
the MAPK pathways, including the JNK pathway (8), whose
inhibitor, SP600125, negatively regulates cell survival (9,10).
However, little is known in regard to how SP600125 affects
TGF-B-induced apoptosis of human cholangiocarcinoma
cells. In the present study, results show that SP600125
enhances TGF-p-induced cell apoptosis of RBE cells in a
Smad-dependent manner. SP600125 is hypothesized to be an
ideal therapeutic candidate for treating human cholangiocarci-
nomas that express JNK and Smad4.

Materials and methods

Cell cultures. The RBE human cholangiocarcinoma cell line
was obtained from the Riken BioResource Center (Ibaraki,
Japan). The PT67 packaging cell line was obtained from the
American Type Culture Collection (Manassas, VA, USA).
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RBE cells were maintained in RPMI-1640 medium and PT67
cells were cultured in Dulbecco's modified Eagle's medium
supplemented with 10% fetal bovine serum in a humidified
atmosphere containing 5% CO, at 37°C.

Reagents and antibodies. TGF-f1 was purchased from R&D
Systems (Minneapolis, MN, USA). SP600125, SB203580,
Wortmannin, PD98059, U0126 and SB431542 were obtained
from Tocris Bioscience (Bristol, UK). V-ZAD-fmk was
obtained from the Beyotime Biotech (Jiangsu, China).
Antibodies against Smad2/3, p38, Akt and hlyceraldehyde
3-phosphate dehydrogenase were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA). Antibodies against
p21, Bcl-2, Bim and Smad4 were purchased from Abcam
(Cambridge, MA, USA). Antibodies against phospho-c-Jun
N-terminal kinase (p-JNK), p-Akt, p-Erk, p-p38, p-Smad2
(Ser465/467), p-Smad3 (Ser423/425), p-c-Jun, INK, Erk, c-Jun,
caspase-9, cleaved caspase-9, caspase-8, cleaved caspase-8,
caspase-7, cleaved caspase-7, caspase-3, cleaved caspase-3,
poly ADP ribose polymerase (PARP) and cleaved PARP were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA).

Western blot analysis. Western blot analysis was performed
as follows: Whole-cell extracts were prepared in lysis buffer
(50 mM Tris-HCI, 10% glycerol, 1% Triton X-100, 150 mM
NaCl, 100 mM NaF, 5 mM EDTA, 2 mM phenylmethylsul-
fonyl fluoride, I mM sodium orthovanadate and 1 mg/ml
leupeptin; pH 7.5) and centrifuged (Sigma-Aldrich, St. Louis,
MO, USA) at 12,000 x g for 15 min. Protein concentra-
tions were measured using a bicinchoninic acid assay kit
(Beyotime Biotech). Total cell proteins were subjected to
electrophoresis on an 8-15% polyacrylamide gel, transferred
to a nitrocellulose membrane and probed with primary anti-
bodies overnight at 4°C. Immunocomplexes were incubated
with the appropriate horseradish peroxidase-conjugated
secondary antibody and then detected using an enhanced
chemiluminescent kit (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA).

Generation of stable knockdown RBE cells. To generate recom-
binant retroviruses, a pRetroSuper-puro Smad4 (Addgene,
Cambridge, MA, USA) was transfected into PT67 cells as
described previously by He er al (11). A pRetroSuper-puro
vector was transfected as a control. Retroviral supernatants
were collected, filtered through a 0.45-pm filter and used
for infection of RBE cells, which were then selected with
puromycin (1 yg/ml) for two weeks. Ultimately, RBE Smad4
negative control cells (vector control cells) and RBE Smad4
knockdown cells (shSmad4 cells) cells were obtained.

Transcriptional response assay. Cells were seeded into
12-well plates and transiently co-transfected with p3TP-Lux,
(which encodes firefly luciferase) and pRL-TK-luc (which
encodes Renilla luciferase). Following 48 h transfection, the
cells were treated with the indicated reagents for an additional
24 h and the two luciferase activities were measured using a
dual-luciferase reporter assay system (Promega Corporation,
Madison, WI, USA). Relative luciferase activity was normal-
ized with Renilla luciferase activity.

LIN et al: SP600125 ENHANCES TGF-3-INDUCED APOPTOSIS OF RBE CELLS

Time(h)0 05 15 3 6 12 24

-—-— e <+ p-Smad2
A - — o 4— p-Smad3
| — . +— Smad2

+— Smad3

AR e

Time(h) 0 056 16 3 6 12 24

e e e = <+ p-Akt

’ -

.- -.-- W« p-c-dun

. e e e W <+ c-Jun

-Erk1
g 1!

Erk1
—— - T Er

—— N W — - 4— [-pIB

— <+ pid

S ———— <~ CAPDH

Figure 1. Exogenous TGF-P1 activates the Smad and non-Smad pathways in
RBE cells in a time-dependent manner. RBE cells were treated with TGF-31
(1 ng/ml) for the indicated times. Cell lysates were analyzed by western blot-
ting with antibodies against (A) phospho-Smad2, Smad2, phospho-Smad3,
Smad3, p21Ve/CPl and (B) phospho-Akt, Akt, phospho-c-Jun, c-Jun,
phospho-Erk1/2, Erk1/2, phospho-p38 and p38. Each experiment was
repeated three times. TGF-f1, transforming growth factor-1; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase.

Identification of apoptosis by propidium iodide (PI)-Annexin V
staining. Cell apoptosis analysis was performed using an
Annexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit (KeyGen Biotech, Nanjing, China), according to the
manufacturer's instructions. Briefly, 5x10° cells were collected
by centrifugation and resuspended in 500 pl binding buffer.
Subsequently, 5 #l Annexin V-FITC and 5 ul PI were added.
Following incubation for 10 min in the dark at room tempera-
ture, the cells were analyzed using a BD fluorescence-activated
cell sorter Aria flow cytometer (BD Biosciences, Franklin
Lakes, NJ, USA).

Statistical analysis. Data are presented as the mean + SD.
Differences were analyzed by Student's t-test or one-way
analysis of variance. P<0.05 was considered to indicate a
statistically significant difference.

Results

Exogenous TGF-$1 activates the Smad and non-Smad path-
ways in RBE cells. To determine whether Smad signaling is
inducible by exogenous TGF-f1 in RBE cells, Smad2 and
Smad3 phosphorylation and the expression of p21V/CiP! were
examined by western blot analysis. The antibodies against
phosphorylated Smad2 and Smad3 used in this study
specifically recognized the C-terminal region (Ser465/467
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Figure 2. SP600125 increases transforming growth factor (TGF)-f1-induced phosphorylation of Smad2 and Smad3 and enhances TGF-3/Smad signaling. (A) .
Phospho-Smad2, phospho-Smad3 and Smad2/3 expression was examined by western blot analysis in RBE cells treated with 10 xM SP600125, SB203580,
Wortmannin, PD98059 or U0126 for 3 h, with or without TGF-f1 (1 ng/ml). (B) Western blotting was used to determine the expression of phospho-c-Jun,
c-Jun, phospho-Smad2, phospho-Smad3 and Smad2/3 in RBE cells treated with TGF-$1 (1 ng/ml), SB431542 (10 xuM), SP600125 (10 #M) or a combination
of any two for 6 h. (C) A luciferase reporter assay. p3TP-luc luciferase activity was analyzed in RBE cells treated with TGF-f1 (1 ng/ml), SB431542 (10 uM),
SP600125 (10 pM) or a combination of any two. Data are shown as the mean = SD for triplicate measurements. “P<0.01, vs. control. (D) Smad4 expression in
three independent samples of wild-type, vector control and shSmad4 cells were examined by western blot analysis. (E) A luciferase reporter assay. p3TP-luc
luciferase activity was analyzed in RBE vector control and shSmad4 cells treated with TGF-B1 (1 ng/ml) and/or SP600125 (10 xM). Data are shown as the
mean =+ SD for triplicate measurements. “P<0.01, vs. control. TGF-f1, transforming growth facto-f1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;

wt, wild type.

and Serd23/425). TGF-f1 (1 ng/ml) was observed to induce
phosphorylation of Smad2 and Smad3 and the expression of
p21Wal/CPl in a time-dependent manner (Fig. 1A), indicating
the presence of an intact TGF-f/Smad signaling pathway in
RBE cells. In addition, non-Smad pathways were activated by
TGF-B1 (Fig. 1B). There was considerable basal phosphory-
lation of Akt, c-Jun, Erk and p38MAPK, which transiently
increased and peaked at 3 h following TGF-f1 stimulation,
suggesting that Akt and MAPK activation in RBE cells is not
specific to TGF-f signaling and may result from other stimuli.

The JNK inhibitor SP600125 increases TGF-f1-induced
phosphorylation of Smad2 and Smad3 and enhances
TGF-B/Smad signaling. As TGF-f1 enhances non-Smad
pathway signaling in RBE cells, it is necessary to investigate
whether the non-Smad pathway affects the Smad pathway.
Specific inhibitors of Akt, JNK, Erk and p38SMAPK were
applied to RBE cells for 3 h at a concentration of 10 M,
with or without TGF-f1. Western blot analysis showed that
only the JNK inhibitor SP600125 enhanced TGF-f1-induced
phosphorylation of Smad2 and Smad3. However, Wortmannin
and PD98059 were also capable of increasing TGF-f1-induced
phosphorylation of Smad?2 (Fig. 2A).

As shown in Fig. 1B, increased phosphorylation of MAPKs
induced by TGF-f1 was most evident at 3 h and dissipated
by 6 h. The effect of SP600125 on TGF-pl-induced phos-
phorylation of Smad2 and Smad3 at 6 h following TGF-f1

stimulation and obtained a similar result to that observed at
3 h (Fig. 2A and B). This result suggests that the basal activity
of the JNK pathway, rather than the TGF-31-induced activity,
antagonizes TGF-pl-induced phosphorylation of Smad2 and
Smad3.

In the absence of TGF-f1, SP600125 only marginally
enhanced the phosphorylation of Smad2 and Smad3 compared
with the control. However, the combined application of
SP600125 and TGF-f31 significantly increased TGF-fB1-induced
phosphorylation of Smad2 and Smad3 (Fig. 2B). These results
suggest that the effect of SP600125 on the Smad pathway may
be dependent upon the activity of the Smad pathway.

To determine whether SP600125 affects downstream
signaling, an additional application of SP600125 was observed
to strengthen TGF-f1-induced p3TP-Lux reporter activity
(Fig. 2C). In addition, to elucidate whether the effect of
SP600125 on TGF-f signaling is dependent on the canonical
Smad pathway, a Smad4 knockdown RBE cell line (shSmad4
cells) was developed (Fig. 2D), which resulted in the reduced
effect of SP600125 on TGF-pl-induced reporter activity
(Fig. 2E).

Exogenous TGF-f31 induces apoptosis of RBE cells by activating
the caspase cascade through the Smad pathway. As shown
in Fig. 3A-D, exogenous TGF-f1 induces apoptosis of RBE
cells in a dose- and a time-dependent manner. The observed
apoptosis was prominent in cells treated with 1 ng/ml TGF-p1
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Figure 3. Exogenous TGF-f1 induces apoptosis of RBE cells by activating the caspase cascade through the Smad pathway. (A and B) RBE cells treated with
various concentrations of TGF-f1 for 36 h were stained with Annexin V/PI and analyzed by flow cytometry. (A) The early apoptotic rate (lower right) and the
late apoptotic rate (upper right) are shown. (B) Total apoptotic rates (the sum of the early and late apoptotic rate) are shown as the mean + SD from triplicate
measurements. 'P<0.05 , vs. control and “P<0.01 , vs. control. (C and D) RBE cells were treated with TGF-B1 (1 ng/ml) for 0, 12,24, 36 and 48 h. The apoptotic
rates were analyzed by (C) flow cytometry and (D) the total apoptotic rates are shown as the mean + SD from triplicate measurements. "P<0.05, vs. control,
“P<0.01, vs. control. (E and F) Vector control and shSmad4 cells were treated with TGF-f31 (1 ng/ml) for 36 h. The apoptotic rates were analyzed by (E) flow
cytometry and (F) the total apoptotic rates are shown as the mean + SD from triplicate measurements. “P<0.05, vs. control. (G and H) RBE cells were treated
with TGF-f1 (1 ng/ml) in combination with different concentrations of V-ZAD-fmk for 36 h. (G) The apoptotic rates were analyzed by flow cytometry and
(H) the total apoptotic rates are shown as the mean + SD from triplicate measurements. “P<0.05, vs. control and “P<0.01, vs. control. (I) RBE cells were treated
with or without TGF-f1 (1 ng/ml) for the indicate times and cell lysates were analyzed by western blot analysis with antibodies against the proteins indicated.
The experiment was repeated three times. TGF-1, transforming growth factor-p1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; FITC, fluorescein
isothiocyanate; .PI, propidium iodide; PARP, poly ADP ribose polymerase.
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Figure 4. SP600125 enhances TGF-f1-induced apoptosis of RBE cells by enhancing the activation of the caspase cascade through the Smad pathway.
(A and B) RBE cells were treated with TGF-p1 (1 ng/ml), SB431542 (10 xM), SP600125 (10 #M) or a combination of any two for 36 h. The apoptotic rates
were analyzed by (A) flow cytometry and (B) the total apoptotic rates are shown as the mean = SD from triplicate measurements. "P<0.05, vs. control, “P<0.01,
vs. control. (C and D) RBE cells were treated with TGF-f1 (1 ng/ml) and/or SP600125 (10 M) for 36 h in the presence or absence of V-ZAD-fmk (40 uM).
The apoptotic rates were analyzed by (C) flow cytometry and (D) the total apoptotic rates are shown as the mean =+ SD from triplicate measurements. "P<0.05,
vs. control, “P<0.01, vs. control. (E) RBE cells were treated with TGF-f1 (1 ng/ml), SB431542 (10 uM), SP600125 (10 #M) or a combination of any two for
36 h. Cell lysates were analyzed by western blotting with antibodies against the proteins indicated. The experiment was repeated three times. (F-H) Vector
control and Smad4 cells were treated with TGF-f1 (1 ng/ml) and/or SP600125 (10 M) for 36 h. The apoptotic rates were analyzed by (F) flow cytometry

and (G) The total apoptotic rates are shown as the mean + SD from triplicate measurements, ‘P<0.05, vs. control,

“P<0.01, vs. control. (H) Cell lysates were

subjected to western blotting using antibodies against the proteins indicated. All assays were performed in triplicate. TGF, transforming growth factor.
TGF-f1, transforming growth factor-f1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; FITC, fluorescein isothiocyanate; .PI, propidium iodide; PARP,

poly ADP ribose polymerase.

for 36 h. Specific knockdown of Smad4 expression reduced
TGF-B1-induced apoptosis, suggesting that apoptosis occurs
through a Smad-dependent pathway (Fig. 3E and F). To confirm
whether caspase activation occurs during TGF-1-induced apop-
tosis, the effect of the pan-caspase inhibitor, V-ZAD-fmk, on the
induction of apoptosis was investigated. As expected, 40, 80 and
160 uM V-ZAD-fmk completely inhibited the TGF-B1-induced
apoptosis of RBE cells (Fig. 3G and H). This result suggests that
caspase activation is required for TGF-p1-induced apoptosis.
Accordingly, western blot analysis showed that the activation of

caspase-9, -8, -7 and -3, and PARP was prominent at 36 h, the
time at which apoptosis of the RBE cells was observed (Fig. 3I).

SP600125 enhances TGF-f1-induced apoptosis of RBE cells
by enhancing the activation of the caspase cascade through
the Smad pathway. With regard to the effect on TGF-f/Smad
pathway signaling (Fig. 2A and B), application of SP600125
alone exhibited a minimal effect on the apoptosis of RBE cells
but was capable of significantly enhancing TGF-p1-induced
apoptosis when combined with TGF-p1 (Fig. 4A and B).
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The pan-caspase inhibitor V-ZAD-fmk inhibited
TGF-p1-induced apoptosis and also reduced the effect of
SP600125 on TGF-fl-induced apoptosis (Fig. 4C and D).
These results suggest that caspase activation is also required
for the regulation of TGF-f1-induced apoptosis by SP600125.
Similarly, western blot analysis showed that SP600125
strengthened TGF-f1-induced activation of the caspase
cascade and PARP (Fig. 4E).

In addition, PI-Annexin V staining showed that specific
knockdown of Smad4 expression resulted in a phenotype
similar to that observed following V-ZAD-fmk treatment
(Fig. 4F and G). Furthermore, activation of the caspase cascade
and PARP induced by TGF-f1 or by TGF-p1 and SP600125
was observed to be reduced following specific knockdown
of Smad4 expression (Fig. 4H), suggesting that SP600125
enhances TGF-f1-induced apoptosis of RBE cells through a
Smad-dependent pathway, which is located upstream of the
caspase cascade.

Discussion

Cholangiocarcinoma is one of the most aggressive types of
malignancies worldwide due to its early relapse or metastasis
following surgery, poor survival and limited sensitivity to
chemotherapy (1). Therefore, novel therapeutic strategies
require urgent investigation to improve prognosis. Currently,
attention is focused on signaling pathways involved in tumor
development and progression. The TGF-f3 signaling pathway
is pivotal in different types of tumors and a number of
inhibitors targeting the TGF-f3 signaling pathway have been
studied in pre-clinical research (12). INK is a component of
the non-Smad signaling pathway, which is important in tumor
progression and chemosensitivity (13). In the current study,
the mechanism by which SP600125 regulates TGF-f-induced
cell apoptosis in cholangiocarcinoma in vitro was investi-
gated.

TGF-f acts as a potent tumor suppressor or tumor promoter
in a context-dependent manner. The tumor suppressive func-
tions of TGF-f} are largely ascribed to its ability to inhibit
proliferation and induce apoptosis. During carcinogenesis, a
number of cancer cell types, including pancreatic, breast and
colorectal carcinoma cells, frequently become unresponsive to
the inhibitory growth effects of TGF-f, due to a loss or muta-
tion of one of the components of the TGF-f3 signaling pathway,
which facilitates the transition of TGF-f§ from a tumor
suppressor to a tumor promoter (14). However, the majority of
types of cancer do not have mutations in the TGF-f§ pathway,
suggesting that TGF-f signaling may be functional as a tumor
suppressor in those cells. In the current study exogenous
TGF-p1 was observed to act as a tumor suppressor and induce
phosphorylation of Smad2 and Smad3 in the RBE human
cholangiocarcinoma cell line, which results in apoptosis of
these cells through a Smad-dependent pathway. In this context,
enhancing the tumor-suppressive activity of TGF-f provides a
potential therapeutic strategy for treating cholangiocarcinoma.

The JNK pathway is associated with cell survival (15,16)
and was reported to interfere with the TGF-f3 pathway (17,18).
In the present study, the activation of the Smad pathway by
exogenous TGF-P1 in RBE cells was partially inhibited by the
JNK pathway, which had considerable basal activity that was
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increased transiently by TGF-B1. It is possible that the basal
activity of the JNK pathway, rather than the TGF-fB1-induced
activity, antagonizes the TGF-f3/Smad pathway in RBE cells.
Therefore, the JNK inhibitor SP600125 may restore the
reduced tumor-suppressor function of TGF-f3 in RBE cells.

Smad2 and Smad3 may be phosphorylated at two sites,
namely, the most common C-terminal region and the previ-
ously reported linker region (19). Matsuzaki et al (20,21) and
Murata et al (22) reported that during the development of
human colorectal cancer and hepatocellular carcinoma, JINK
activation antagonized the tumor-suppressive TGF-f pathway
by reducing the phosphorylation of Smad2 and Smad3 at the
C-terminal region (pSmad2C and pSmad3C) and augmented
the oncogenic activities of TGF-f3 by enhancing phosphory-
lation in the linker region (pSmad2L and pSmad3L). The
current study observed that there was no change in the
TGF-p1-induced phosphorylation of Smad2 and Smad3 at
the linker region in RBE cells when the JNK pathway was
blocked using SP600125 (data not shown). This result suggests
that pSmad2L. and pSmad3L are not involved in the effect of
JNK on the TGF-f/Smad pathway in RBE cells. By contrast,
SP600125 increased the TGF-f1-induced phosphorylation
of Smad2 and Smad3 at the C-terminal region (Ser465/467
and Serd23/425), augmented the TGF-f1-induced transcrip-
tional response through the Smad pathway and enhanced
TGF-p1-induced apoptosis of RBE cells dependent on the
Smad pathway. Collectively, the results indicate that TGF-§
functions as a tumor suppressor through the activation of the
Smad pathway, in particular, the phosphorylation of Smad2
and Smad3 at the C-terminal region. SP600125 enhances the
tumor-suppressive function of TGF-f3, possibly by augmenting
phosphorylation of Smad2 and Smad3 and TGF-f-induced
transcriptional activity.

The mechanism by which the JNK inhibitor enhances
the tumor-suppressive activity of TGF-f through the Smad
pathway was investigated. Activation of the caspase cascade
by cleavage is the most basic molecular event in apop-
tosis (23). In the present study, the requirement for caspase
activation during TGF-f1-induced apoptosis of RBE cells was
confirmed by the pan-caspase inhibitor, Z-VAD-fmk. TGF-f1
was observed to activate the caspase cascade through a
Smad-dependent pathway. Furthermore, SP600125 enhanced
TGF-fl1-initiated activation of the caspase cascade and this
effect was also Smad dependent, which is consistent with the
regulation of TGF-B/Smad signaling by SP600125. These
results further support the hypothesis that SP600125 enhances
the tumor-suppressive function of TGF-f through activation of
the Smad pathway and the downstream caspase cascade.

SP600125 was observed to augment the anti-proliferative
effect of TGF-f in RBE cells (data not shown). However,
this effect is not associated with Smad4 expression (data
not shown), suggesting that other pathways, rather than the
Smad-dependent pathway, are involved in the anti-proliferative
effect of SP600125 in RBE cells.

In conclusion, this study demonstrated that SP600125
enhances TGF-f-induced apoptosis in RBE cells through
Smad-dependent caspase activation. Future studies may focus
on the therapeutic effect of SP600125 in animal models as it is
hypothesized to be an ideal therapeutic candidate for treating
cholangiocarcinoma clinically.
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