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Abstract. Choriocarcinoma is a highly malignant tropho-
blastic tumor related to pregnancy that often occurs with a 
complete hydatidiform mole. It grows quickly and can also 
widely metastasize to other organs or tissues through both 
the venous and lymphatic systems. The transforming growth 
factor-β1 (TGF-β1) belongs to a growth factor superfamily 
and has been suggested to play a critical role in regulating the 
genesis and development of choriocarcinoma through a variety 
of Smad-independent pathways, including the p38 MAPK 
pathway. Previous studies indicated that TGF-β can activate 
the p38 MAPK pathway. In this study, we investigated Smad 
and p38 MAPK signaling in JEG-3 choriocarcinoma cells 
using p38 MAPK inhibitor and TGF-β receptor inhibitor. 
Immunofluorescence and western blot assays were used to 
detect the proteins in Smad and p38 MAPK pathways. Our 
data demonstrated that TGF-β can activate Smad3 and induce 
Smad3 translocation into the nucleus in JEG-3 cells. Blockade 
of the TGF-β pathway significantly reduced the expres-
sion levels of p38 and phospho-p38. p38 MAPK inhibitors 
(SB 203580) can attenuate TGF-β1-induced Smad3 expression 
and suppress the activation of smad3. These findings indicate  
crosstalk between p38 and smad3 through TGF-β1 in chorio-
carcinoma cells.

Introduction

Choriocarcinoma is a highly malignant trophoblastic tumor 
that may occur after miscarriage, abortion, ectopic pregnancy 
or even normal pregnancy. In addition, it is characterized patho-
logically by the loss of its original structure of trophoblastic 
cells and excessive invasion capacity into the myometrium (1). 
Choriocarcinoma can also widely metastasize to other organs 
or tissues through both the venous and lymphatic systems. 

Early hematogenous and lymphatic metastatic spread can 
cause rapid death (2).

Although cure rate has been improved because of progress 
of chemotherapy, the toxicity and side effects still remain 
intolerable. Thus, it is urgent to explore the mechanisms of 
proliferation and invasiveness and find new target for drug 
therapy (3).

The transforming growth factor-β1 (TGF-β1) is a multi-
functional polypeptide cytokine which belongs to a growth 
factor superfamily and it regulates a variety of cellular 
processes such as cell differentiation, proliferation, cycle 
arrest and extracellular matrix production (4). Our previous 
studies have demonstrated that TGF-β1 promotes the invasive 
capability of choriocarcinoma JEG-3 cells and TGF/Smad 
pathway may play a critical role in the initiation of tropho-
blastic invasion process (5).

TGF/Smad pathway plays a pivotal role in intracellular 
signaling. TGFβ-1 initiates signaling via a cell surface trans-
membrane serine/threonine kinase receptor complex which 
then activates its downstream Smad protein (6). There are 
three different functional groups of Smad proteins: receptor-
regulated R-Smads (Smad1, 2, 3, 5 and 8), the co-receptor 
Smad (Co-Smad) 4 and the inhibitory I-Smads (Smad6 and 7). 
In addition, the receptors of the TGF-β superfamily consist 
of TβR I and TβR II. TGFβ-1 ligand firstly binds to TβR II, 
which then activates and combines to TβR  I. After that, 
receptor binding induces phosphorylation of its downstream 
proteins Smad2 and Smad3 (R-Smads) at a C terminal SSXS 
motif (7). Smad4 (Co-Smad) works as a mediator, carries 
phosphorylated R-Smad (Smad2 and Smad3) into the nuclear 
where target gene is processed (8).

The function of TGFβ/Smad signaling pathway in cancer 
progression is bidirectional. At the early stage of carcino-
genesis, TGF-β works as a tumor suppressor, which induces 
growth arrest, but in the later stage or in malignant tumor, 
it promotes the growth of tumor cells (9). Furthermore, our 
previous studies on the impacts of TGF-β1/Smad signal 
pathway in JEG-3 cell proliferation and invasion are in agree-
ment with the above view (5).

P38  MAPK is a member of the MAPK family that is 
responsive to environmental stresses and inflammatory cyto-
kines (10) and is involved in cell differentiation, apoptosis 
and autophagy. It is activated by a variety of cellular stresses 
including osmotic shock, inflammatory cytokines, lipopoly-
saccharides (LPS), Ultraviolet light and growth factors (11). 
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As with other MAPK cascades, the membrane-proximal 
component is a MAPKKK, typically a MEKK or a mixed 
lineage kinase (MLK). The MAPKKK phosphorylates and 
then activates MKK3/6, the p38 MAPK kinases. MKK3/6 can 
also be activated directly by ASK1, which is stimulated by 
apoptotic stimuli (12). P38 MAPK is involved in regulation of 
HSP27 and MK2 (MAPKAPK-2), MK3 (MAPKAPK-3) and 
several transcription factors including ATF-2, Stat1, the Max/
Myc complex, MEF-2, Elk-1 and indirectly CREB via activa-
tion of MSK1 (13,14). Consistent with important function in 
tumorigenesis, p38 MAPK signaling is also associated with 
cancer in humans.

Recent studies have shown that TGF-β can also activate 
other signaling pathways including the p38 MAPK pathway 
(15). Studies on pulmonary epithelial cells suggest that 
TGF-β activates p38 MAPK within 30 min and inhibition of 
p38 MAPK can significantly reduce TGF-β1-dependent gene 
expression for the extracellular matrix-related gene fibronectin 
(16,17). In addition, blockade of Smad pathway caused by 
Smad7 overexpression, can result in TGF-β1-induced apop-
tosis mediated by p38 MAPK signaling (18).

Moreover, p38 MAPK inhibitors have been shown to inhibit 
TGF-β/Smads signaling activity through affecting all levels of 
the TGF-β receptor cascade by blockading Smad phosphoryla-
tion, nuclear translocation and target gene activation (4). The 
study of Dziembowska et al have shown that the p38 MAPK 
inhibitor SB202190, decreases the activity of Smad-dependent 
promoter induced by TGF-β and the phosphorylation of 
Smad2 (19). According to the study of Tsukada et al, blockade 
of p38 MAPK signaling with SB203580 inhibited phosphory-
lation of Smad2 and Smad3 and the phosphorylation of the 
TGF-β type I receptor, as there appears to be similarities in 
the ATP binding pocket between TGF-β type I receptor and 
p38 MAPK (20). Thus, there is an unexpected interaction 
between TGF-β and p38 MAPK pathways existing in a variety 
of diseases, but the molecular mechanism still remains unclear. 
Recently, few studies have been reported on crosstalk between 
TGF-β and p38 MAPK in choriocarcinoma (21,22).

Based on the above observations, we investigated 
signaling crosstalk between the p38  MAPK pathway and 
TGF-β pathway in human choriocarcinoma cells by using 
the p38 MAPK inhibitor SB 203580 and the TGF-β receptor 
inhibitor LY 364947.

Materials and methods

Materials. The human placental choriocarcinoma JEG-3 
cell line was obtained from the State Key Laboratory of 
Reproductive Biology (SKLRB), Institute of Zoology (IOZ), 
Chinese Academy of Sciences (CAS). The study was approved 
by the ethics committee of the Natural Science Foundation 
of Hebei Province and the Education Department of Hebei 
province, Hebei, China.

Methods
JEG-3 cell culture. JEG-3 cells were cultured in an incubator 
with 5% CO2 at 37˚C in RPMI-1640 supplemented with 
10% fetal bovine serum (FBS, Hangzhou Sijiqing Biological 
Engineering Materials Co., Ltd., Hangzhou, China), 200 mM 
glutamine, 100 mM pyruvic acid Na, 100 µg/ml streptomycin 

and 100 U/ml penicillin. When the cells reached ~70-80%, they 
were subcultured with 0.25% trypsin and 0.02% EDTA (5).

Immunofluorescence analysis. JEG-3 cells were seeded on 
glass coverslips and cultured in 24-well plate with an initial 
concentration of 5x104 cells/ml for 48 h prior to staining. 
Wells were divided into 8 groups as follows: control group, 
TGF-β1 group, 1  µM SB203580, 3  µM SB203580, 1  µM 
LY364947 (Sigma, St. Louis, MO, USA), 3 µM LY364947. The 
cells were pretreated in appropriate wells to 80% confluence 
with different concentrations of TGF-β1 receptor inhibitor 
(LY36494, Sigma) and p38  MAPK inhibitor (SB203580, 
Sigma) and cultured for 4 h, then 1 µM TGF-β1 (PeproTech 
Inc., Rocky Hill, NJ, USA) was added into each well, except 
control group, continuing incubation for 2 h. After the incuba-
tion with TGF-β1, cells were fixed in 4% paraformaldehyde for 
10 min at room temperature, then washed with PBS 3 times 
for 3 min each. Then, cells were permeabilized in 0.5 ml of 
0.1% Triton X-100 for 15 min at room temperature (23). The 
cells were washed by PBS 3 times and followed by blocking in 
10% goat serum for 20 min. The primary antibody was diluted 
to the concentration of 1:100, then the cells were incubated 
in the primary antibody overnight at 4˚C. Before secondary 
antibody incubation, cells were placed into incubator with 
5% CO2 at 37˚C for 45 min, then washed 3 times for each with 
PBS (24). The secondary antibody (Epitomics Inc., USA) was 
diluted to the concentration of 1:50 and cells were incubated 
in secondary antibody at 37˚C for 30 min, followed by PBS 
washing 3 times for 5 min each. DAPI, with the concentration 
of 1:100, was added to the cell for 5 min at room temperature 
in the dark. The primary antibodies were used as follows: 
for p-Smad3 (Epitomics); for p38 (Epitomics); and p-p38 
(Epitomics). Images were viewed by immunofluorescence 
microscopy (Ti-u, Nikon Eclipse, Japan).

Western blot analysis. Cells were incubated in a 6-well plate 
with an initial concentration of 5x104 cells/ml for 48 h. Wells 
were divided into 6 groups as follows: control group, TGF-β1 
group, 1 µM SB203580, 3 µM SB203580, 1 µM LY364947, 
3 µM LY364947. When cells reached ~80%, the same treat-
ments were given to cells as stated in immunofluorescence 
analysis. The cells were collected and lysed on ice with buffer 
(10% glycerol, 2.3% SDS, 62.5 mM Tris, pH 6.8 150 mM 
NaCl, 10 mM EDTA, 1 mg/ml leupeptin, 1 mg/ml pepstatin, 
5  mg/ml chymostatin, 1  mg/ml aprotinin, 1  mM phenyl-
methylsulphonyl fluoride) and centrifuged at 12,000 rpm for 
5 min at 4˚C. The supernatants were collected as a whole cell 
protein extract. Protein concentrations were determined by the 
bicinchoninic acid assay (25). Then, equal amounts of sample 
were denatured at 95˚C for 15 min and separated on 12% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene difluoride 
(PVDF) membranes. Membranes were blocked with 5% 
non-fat milk in TBS-T (10 mM Tris, pH 8.0, 150 mM NaCl 
and 0.1% Tween-20) for 2 h, at room temperature followed by 
TBST washing 3 times and incubated with primary antibody 
(diluted 1:500) overnight at 4˚C (26). After TBST buffer 
washing, the membranes were incubated with the secondary 
antibody (diluted 1:2000) for 1 h at room temperature. β-actin 
was the internal control. The primary antibodies were: for 
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Smad3 (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, 
USA); for p-Smad3 (Epitomics); for p38 (Epitomics); and p-p38 
(Epitomics). Immunoreactive bands were detected with Super 
ECL Plus Iuminescence fluid (Applygen Technologies Inc., 
Beijing, China). The densities of the bands were scanned and 
calculated with Quantity One software (Bio-Rad, Hercules, 
CA, USA).

Statistical analysis. All data were expressed as means ± stan-
dard deviation (SD). One-way analysis of variance (ANOVA) 
was used to compare differences among groups. The SNK-q 
test was performed to compare the difference of each two-
group. Differences were considered statistically significant at 
P<0.05. All statistical analysis was performed using SPSS 19.0 
software (SPSS, Chicago, IL, USA).

Results

TGF-β1 induces activation and nuclear translocation of 
Smad3 in JEG-3 cells. JEG-3 cells were treated by TGF-β1 
with the concentrations of 5 ng/ml. Anti p-Smad3 antibody 
was employed to determine the cellular localization of 
phospho-smad3 in JEG-3 cell line. We found that TGF-β1 
treatment induces phosphorylation of Smad3 and the inten-

sity of phospho-smad3 immunofluorescence staining was 
significantly increased, compared with control group (Fig. 1A 
and B). TGF-β1 also induced Smad3 nuclear translocation. We 
observed that phospho-smad3 showed a diffuse cytoplasmic 
staining pattern in control group and slight staining in the 
nucleus (Fig. 1A). For the group of 2 h TGF-β1 treatment, 
phospho-smad3 staining appeared in both the cytoplasm 
and nucleus (Fig. 1B) whereas in the group of 6 h TGF-β1 
treatment, almost 70% of phospho-smad3 staining was in the 
nucleus (Fig. 1C). Thus TGF-β1 activated and induced nuclear 
translocation of Smad3 in a time-dependent manner in JEG-3 
cells.

In western blot analysis, JEG-3 cells were separately 
pretreated with LY364947, a specific inhibitor of TGF-β1 
receptor and SB203580, a specific inhibitor of p38 MAPK, at a 
series of concentrations (1 and 3 µM) for 4 h, then stimulated 
by TGF-β1 and further cultured for 2 h. However, for TGF-β1 
group, cells were treated with TGF-β1 alone. The protein 
expression of Smad3 and phospho-smad3 significantly 
increased in TGF-β1 group, comparing with the control group 
(P<0.05) (Fig. 4). It also revealed that TGF-β1 promoted 
the protein expression of Smad3 and phospho-smad3. With 
the increasing concentrations of inhibitors, the Smad3 and 
phospho-smad3 protein levels in LY364947 group gradually 

Figure 1. JEG-3 cells were treated by TGF-β1 with the concentrations of 5 ng/ml. The cellular localization of p-smad3 in JEG-3 cell line was detected by 
immunofluorescence assay. Nuclear location was stained by blue fluorescent and phosphorylation of smad3 was stained by red fluorescent. Phosphorylation of 
smad3 was weakly distributed in the cytoplasm (A). Smad3 translocates to the nucleus with TGF-β1 treatment and the intensity of p-smad3 staining gradually 
increased at 2 h (B) and 6 h (C).



xu et al:  Crosstalk between Smad3 and p38 in choriocarcinoma1190

Figure 2. JEG-3 cells were pretreated with P38 inhibitor (SB203580) at 1 and 3 µM, respectively, for 4 h, then stimulated with TGF-β1 for 2 h. Nuclear loca-
tion was stained by blue fluorescent and phosphorylation of p38 was stained by red fluorescent. Phosphorylation of p38 was mainly expressed in JEG-3 cell 
nucleus (A). SB203580 inhibited phosphorylation of p38 and p38 nuclear translocation (B and C).

Figure 3. JEG-3 cells were pretreated with specific inhibitor of TGF-β1 receptor (LY364947) at 1 and 3 µM, respectively, for 4 h, then stimulated with TGF-β1 
for 2 h. Nuclear location was stained by blue fluorescent and phosphorylation of p38 was stained by red fluorescent. Untreated cells are included as a positive 
control for p-p38 expression (A). Phosphorylation of p38 and nuclear translocation gradually inhibited with the increasing concentration of LY364947 treat-
ment (B and C).
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reduced compared with the control and TGFβ groups (P<0.05) 
(Fig. 4). This result demonstrated that inhibition of TGF-β1 
receptor by inhibitor LY364947 blocked the smad3 activation 
and nuclear translocation.

TGF-β1 induces activation and nuclear translocation of p38 
in JEG-3 cells. In western blot analysis, protein levels of p38 
and phospho-p38 were obviously increased in TGF-β1 group, 
which indicated that TGF-β1 promoted the expression of p38 
and phospho-p38. However, in LY364947 groups, p38 and 
phospho-p38 protein expression levels decreased as concentra-
tions of LY364947 increased (P<0.05) (Fig. 5).

In immunofluorescence analysis, JEG-3 cells were 
pretreated with inhibitor of TGF-β1 receptor (LY364947) 
1 and 3 µM, respectively, and cultured for 4 h. Then TGF-β1 
with the concentration of 1 µM was added, except for control 
group, continuing incubated for 2 h. Phospho-p38 expres-
sion was detected in the cells of LY364947 group. Results 
showed that compared with control group, the intensity of 
phospho-p38 was reduced with increasing concentrations of 
LY364947 inhibitor (Fig. 3). Nuclear staining of phospho-p38 
also changed into diffuse cytoplasmic staining pattern due 

to LY364947 treatment (Fig. 3), indicating that inhibition of 
TGF-β1 by inhibitor LY364947 blocked the activation and 
nuclear translocation of p38 in a dose-dependent manner.

Inhibition of p38 MAPK reduces expression level of smad3 
and TGF-β1-induced activation of smad3
SB203580 inhibits p38 in a dose-dependent manner. In 
immunofluorescence analysis, the same concentration of p38 
inhibitor (SB203580) was employed and phospho-p38 expres-
sion was detected in the cells of SB203580 group. For control 
group, phospho-p38 exhibited nuclear staining in JEG-3 cells 
(Fig. 2A). However, in SB203580 groups, phospho-p38 nuclear 
staining gradually changed into diffuse cytoplasmic staining 
pattern as concentrations of the inhibitor increased. In additon, 
intensity of the staining was reduced by ~50% in the presence 
of 1 µM SB203580 (Fig. 2B), 70% at 3 µM (Fig. 2C). It indi-
cated that inhibition of p38 MAPK by inhibitor SB203580 also 
blocked the activation and nuclear translocation of p38 in a 
dose-dependent manner.

SB203580 attenuates TGF-β1-induced activation of p38 and 
smad3. In immunofluorescence analysis, anti p-p38 antibody 
was employed to detected phospho-p38 expression in JEG-3 

Figure 4. LY364947 and SB203580 decrease TGF-β1-induced phosphory-
lation of smad3. JEG-3 cells were incubated in presence or absence of 
LY364947 (1 and 3 µM) or SB203580 (1 and 3 µM) for 4 h and then stimu-
lated with TGF-β1 (5 ng/ml) for 2 h. The cell lysates were immunoblotted 
with phospho-smad3 antibody. Equal loading of proteins in each lane was 
confirmed by reprobing the same blot with smad3 antibody. The data are 
presented as the mean ± SD (P<0.05). The results shown are representative of 
at least three experiments.

Figure 5. TGF-β1 activated p38 MAPK pathway and promotes phosphory-
lation of p38 MAPK. JEG-3 cells were separately treated with LY364947 
(1 and 3 µM) or SB203580 (1 and 3 µM) for 4 h and then stimulated with 
TGF-β1 (5 ng/ml) for 2 h. The cell lysates were immunoblotted with phospho-
p38 MAPK antibody. Equal loading of proteins in each lane was confirmed 
by reprobing the same blot with p38 antibody. The data are presented as the 
mean ± SD (P<0.05). The results shown are representative of at least three 
experiments.
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cell line. For control group, phospho-p38 exhibited nuclear 
staining in JEG-3 cells (Fig.  2A). However in SB203580 
groups, phospho-p38 nuclear staining gradually changed 
into diffuse cytoplasmic staining pattern as concentrations 
of the inhibitor increased. In additon, intensity of the staining 
reduced by ~50% in the presence of 1 µM SB203580 (Fig. 2B), 
70% at 3 µM (Fig. 2C).

In western blot analysis, with the increasing concentrations 
of p38 inhibitors, TGF-β1-induced phospho-p38 protein levels 
were decreased compared with control and TGFβ groups 
(P<0.05) (Fig. 4). In additon, the phospho-smad3 protein levels 
in SB203580 groups gradually reduced as the concentrations 
of p38 inhibitors increased, compared with control and TGFβ 
groups (P<0.05) (Fig. 4). Thus SB203580 attenuated TGF-β1-
induced activation of p38 and smad3.

SB203580 decreases the expression level of Smad3. In western 
blot analysis, the treatment were as stated above. Anti-Smad3 
antibody was used to detect the expression level of Smad3. 
With the increasing concentrations of inhibitors, the smad3 
level in the SB203580 groups gradually reduced compared 
with the other two groups (P<0.05) (Fig. 4). This result demon-
strated that SB203580 decreased the expression level of smad3 
in a dose-dependent manner.

Discussion

Choriocarcinoma is a gestational trophoblastic disease. It 
is a highly malignant tumor that originates in developing 
trophoblasts (27). The cancer often occurs with a complete 
hydatidiform mole (28). The abnormal tissue of the mole can 
continue to grow even after it is removed. Although chorio-
carcinoma is a rare human malignancy which is curable, it 
is a potentially fatal disease (29). At present, availability of 
different diagnostic aids has turned the prognosis highly 
favorable (1), however, many patients still cannot get effective 
medical treatment. It is closely related with cell malignancy of 
choriocarcinoma and trophoblastic invasion (27).

TGF-β appears to be a key factor in the development of 
choriocarcinoma. Our previous studies have suggested 
that TGF-β1 can promote JEG-3 cell proliferation and 
it further enhances the invasive ability of JEG-3 cells (5). 
Phosphorylation of smad3 and its nuclear translocation 
are critical processes in the whole TGFβ/Smads pathway. 
Therefore the process of smad3 activation is observed by 
immunofluorescence (30). Our result reveals that TGF-β1 not 
only activates Smad3, but also induces smad3 translocation 
into nucleus in JEG-3 cell line. The translocation induced by 
TGF-β1 is almost complete in 6 h and the nuclear expres-
sion of phospho-smad3 is strong positive compared with 
the control group, whereas, there is still a small amount of 
phospho-smad3 expressed in the cytoplasm of untreated 
cells, which indicates that TGF-β autocrine mechanism may 
exist in JEG-3 cells (31).

After determining the nuclear translocation of Smad3, we 
treated the JEG-3 cells, respectively, with the specific inhibi-
tors LY364947 and SB203580. Then phospho-p38 expression 
in the nucleus was detected through immunofluorescence 
analysis. Not only in the SB203580 group but also in the 
LY364947 group, we find that with increasing concentra-

tions of inhibitors, the intensity of phospho-p38 in JEG-3 
cell nucleus is reduced. It demonstrates that the inhibitor of 
TGF-β1 receptor can block activation of p38 MAPK signaling 
pathway, indicating that there might be interaction between 
TGF-β signaling and p38 MAPK signaling pathways (19).

The development of choriocarcinoma is a complex and 
multistep process which includes both cell proliferation and 
migration (32). Although the more exact mechanisms are still 
controversial, the crosstalk between TGF-β and p38 MAPK 
signaling pathway may contribute to solving the issue. Besides 
the results of immunofluorescence on p38 nuclear transloca-
tion, our study revealed that p38 and phospho-p38 protein levels 
were promoted after TGF-β stimulation and it suggests that 
TGF-β can induce the activation of p38 MAPK. An obvious 
downregulation of p38 and phospho-p38 protein expression in 
TGF-β-induced JEG-3 cells was observed in treatments with 
LY364947 and SB203580. These results are consistent with 
those of Bakin et al (33). The results presented here also indi-
cate that TGF-β1 receptor inhibition can suppress activation of 
p38 MAPK signaling pathway.

Some research on p38 MAPK mediated myofibroblasts in 
hepatic stellate cells have manifested that phosphorylation of 
Smad3 activated by TGF-β is impaired severely in myofibro-
blasts during chronic liver injury, whereas phosphorylation of 
Smad3 at the linker region induced by p38 MAPK pathway 
significantly increased (34). It indicates that p38  MAPK 
pathways can also activate Smad3 in hepatic stellate cells. 
However, treatment of SiHa human cervical carcinoma cells 
with TGF-β in the presence of p38 MAPK inhibitor does not 
significantly inhibit the phosphorylation of Smad2/3 induced 
by TGF-β, whereas it reduces phosphorylation of ATF2 (33). 
Besides the immunofluorescence on Smad3 nuclear translo-
cation, we have also detected the protein expression levels 
of Smad3 and phospho-smad3 with separate pretreatment of 
specific p38 MAPK inhibitor (SB203580) and TGF-β receptor 
inhibitor (LY364947), following by TGF-β1 stimulation. 
We utilized untreated cells as control group and treatment 
with TGF-β receptor inhibitor as negative control. Our data 
indicate that protein levels of Smad3 and phospho-smad3 are 
significantly reduced by using LY364947 and inhibited dose-
dependently. Similar results were observed with the treatment 
of SB203580, but the inhibitory effect was slightly lower than 
the suppression of TGF-β receptor group. It reveals that the 
blockade of p38 MAPK pathway can downregulate protein 
level of Smad3 and also inhibits the activation of Smad3. In 
addition, we believe that p38 MAPK induced activation of 
Smad3 has so far appeared to be cell type-dependent, thus 
necessitating a careful examination of this mechanism.

In conclusion, TGF-β and p38 MAPK pathways play a 
central role in regulating basic cellular processes such as cell 
differentiation, proliferation and extracellular matrix produc-
tion (35). However, few relative studies on the interaction of 
these two signaling pathways in choriocarcinoma have been 
reported. The development of choriocarcinoma has direct 
relationship with the abnormal cellular signal transduction 
pathways. Whether carcinogenic or not, the active level plays 
an important role in the process of tumor development (36). In 
this study, p38 and Smad3 protein expression is at the expres-
sive level, whereas phospho-p38 and phospho-Smad3 protein 
expression at active level. Both p38 and phospho-p38 protein 
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expression is reduced through the use of TGF-β1 receptor 
inhibitor. In addition, p38 MAPK inhibitors can also attenuate 
TGF-β1-induced Smad3 expression and suppress activation 
of Smad3. These results suggest that TGF-β and p38 MAPK 
signaling are both closely associated with choriocarcinoma 
genesis, and progression. Further clarifying the mechanisms 
of TGF-β and p38 MAPK pathways in cell models might be 
informative for the field of therapeutic approaches.
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