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Abstract. Human choriocarcinoma is one of the most aggres-
sive malignant tumors characterized by early hematogenous
spread to lung and brain tissues, and may be a cause of death
in patients. Choriocarcinoma may occur following pregnancy
and during implantation; however, trophoblastic invasion
in human pregnancy is tightly regulated. The transforming
growth factor-beta 1 (TGF-B1) has been suggested to play a
role in controlling this process. In this study, we investigated
the impact of TGF-f31 on invasion, as well as its sites of action
in the TGF-B1/Smad pathway using a JEG-3 choriocarcinoma
cell line. Following the treatment of cells with different doses
of TGF-f1, cell invasion was observed. We also detected
the expression of TGF-f3 receptor type I (TR I) and TGF-3
receptor type II (TPR II), Smad4, matrix metalloprotease
(MMP)-9 and tissue inhibitor of metalloproteinase (TIMP)-1
in JEG-3 cells. Our data demonstrated that TGF-f1 promoted
the invasive capability of JEG-3 cells depending on the
downregulation of TR I, TPR II, Smad4 and the upregula-
tion of MMP-9 and TIMP-1. These observations suggest that
TGF-p1 may play a critical role in the initiation of the tropho-
blastic invasion process.

Introduction

A successful human pregnancy requires embryonic tropho-
cytes to invade into the womb and adhere to the endometrium;
however, this kind of invasion is strictly regulated temporospa-
tially (1). The deregulation of the invasion process may cause
a series of pregnancy-related diseases, such as hydatidiform
mole and invasive mole; however, excessive invasion of tropho-
cytes is significantly associated with the formation of placental
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choriocarcinoma (2). In this process, one critical step of
choriocarcinoma invasion and metastasis is the degradation of
the extracellular matrix (ECM), in which the MMP-9/TIMP-1
ratio plays a significant role (3,4).

The main treatment for choriocarcinoma is 5-fluorouracil,
which has a very good therapeutic efficacy; however, it may
also cause toxic reactions, side effects and drug resistance (5).
Since conventional treatments including surgery and chemo-
therapy often fail, it is necessary to explore the metastasis
mechanisms of proliferation and invasiveness, and find a new
target for drug therapy.

TGF-p belongs to a growth factor super-family which
consists of a highly evolutionary conserved group of secreted
cytokines (6). The TGF-p family consists of TGF-f3, activins,
bone morphogenetic proteins (BMPs), nodals, inhibins and anti-
mullerian hormone (AMH). TGF-1 is the prototypic family
member and is secreted as an inactive latent precursor (7,8). It
plays asignificantrole in the control of growth and development,
including the regulation of cell proliferation and differentia-
tion, the promotion of ECM formation and suppression of the
immune response (9). TGF-p1 exerts its cellular effects through
TPR I, TR II and the Smad transcription factors, which have
pivotal roles in intracellular signaling (7,10). Moreover, Smad4
is an essential factor in TGF-f signaling and is a frequently
mutated tumor suppressor gene found in human tumors (11-13).
Compared with other tumors, fewer studies have explored the
role of the TGF-p/Smad signaling pathway in the initiation and
development of placental choriocarcinoma. Previous studies
have revealed that TGF-B1 inhibits normal cell proliferation,
but enhances the growth of tumor cells (14). During the early
stages of tumorigenesis, TGF-31 may be an inhibitor of tumor
cells through its suppressive functions; however, following
the development of malignance, it may promote tumor cell
proliferation (15). We have conducted a series of studies on the
choriocarcinoma JEG-3 cell line (16-18), a number of which
are in agreement with these findings (15); however, the more
exact mechanisms of development of placental choriocarci-
noma remain a controversial issue.

In order to explore the potential mechanism of placental
choriocarcinoma invasion, we examined the alterations in
the invasive capacity of the JEG-3 cell line when exposed
to exogenous TGF-f1, and the protein expression levels of
MMP-9 and TIMP-1. The mRNA levels for TPR I, TPR II
and Smad4 were also detected to investigate the impacts of
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Table I. PCR primers used in reaction.
Sequences Product size Annealing
Target Primer (5'-3" (bp) temperature (°C)
TPRI Forward GGC CAA ATATCC CAA ACA GAT 509 60
Reverse AAT CCAACT CCTTTG CCCTTA
TPRRIL Forward GAC TTG ACC TGT TGC CTG TGT 310 59
Reverse TCA GCA CACTGT CTT TCATGC
Smad4 Forward CAG CAT CCA CCA AGT AAT CGT 587 60
Reverse CTC TCA ATG GCT TCT GTC CTG
[B-actin Forward AGC GGG AAATCG TGC GTG AC 453 58
Reverse ACA TCT GCT GGA AGG TGG AC
the TGF-B1/Smad signaling pathway on choriocarcinoma 300 =%

cell proliferation and invasion. These results may provide
theoretical and laboratory evidence to improve clinical early
diagnosis for placental choriocarcinoma. They may also give
rise to novel ideas regarding a target for its early treatment.

Materials and methods

Materials. The human placental choriocarcinoma JEG-3
cell line was obtained from the State Key Laboratory of
Reproductive Biology, Institute of Zoology, Chinese Academy
of Sciences. 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.

JEG-3 cells culture. JEG-3 cells were cultured in an incubator
with 5% CO, at 37°C in Dulbecco's modified Eagle's medium
(DMEM; Gibco-BRL, Carlsbad, CA, USA) with 10% fetal
bovine serum (FBS, Hangzhou Sijiging Biological Engineering
Materials Co., Ltd, Hangzhou, China), 200 mM glutamine,
100 mM sodium pyruvate, 100 pg/ml streptomycin and
100 U/ml penicillin. Cells were subcultured with 0.25% trypsin
and 0.02% EDTA when cell growth reached 70-80%, and the
density of subcultured cells was at a ratio between 1:2 and 1:4.

Transwell invasion assay. The invasion assay for JEG-3 cells
was performed on a 24-well Transwell chamber containing an
8-pm pore size polycarbonate membrane filter with a diameter
of 6.5 mm (Corning Inc., Acton, MA, USA). The Transwell
chamber was coated with a thin layer of 60 ul growth
factor-reduced diluted Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA) (19) and incubated at 37°C for 4 h. A total of
500 1 20% DMEM was placed on the bottom of the Transwell
chamber. After a 24 h culture in a serum-free medium, JEG-3
cells were mixed with DMEM substrate containing 1% BSA
and adjusted to a concentration of 3x10* cells/ml. Different
concentrations of TGF-B1 [0 ug/l (control group), 5 pug/l,
50 pg/l, 100 pg/l and 200 ug/l] were added, respectively, then
the cells were plated in the upper chambers for re-culturing at
37°C for 24 h. On removal of the Transwell chambers, cotton
swabs were utilized to rub off the upper surface cells and
then the chambers were allowed to dry naturally. The poly-
carbonate membrane was fixed by 4% paraformaldehyde for
10 min, stained with hematoxylin for 5-15 min and finally set
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Figure 1. The JEG-3 cells were treated with TGF-f1 for 48 h and their
invasive capacity was subsequently detected using the Transwell invasion
assay. The total number of transmigrated cells was obtained by counting the
number of dyed cells with a light microscope. Exogenous TGF-f31 specifi-
cally promoted the invasive capacity of JEG-3 cells. The data are presented
as the means + SD (n=5; "P<0.05 when compared with TGF-1 0 ug/l;
"P<0.05 when compared with any other group except 0 ug/1).

on the slide (20). Five fields were randomly selected and the
number of cells appearing on the undersurface of the polycar-
bonate membranes was counted scored under a microscope
at x200 magnification. Cell invasion was performed on five
independent occasions.

Reverse transcription (RT)-PCR. JEG-3 cells in the expo-
nential phase were incubated in 6-well plates at an initial
concentration of 3x10* cells/ml for 48 h and then cultured
with serum-free DMEM for 24 h to obtain cell synchroni-
zation. The cells were subsequently treated for 48 h with a
series of concentrations of TGF-B1 [0 ug/l (control group),
5 ug/l, 10 ug/l, 25 ug/l, 50 pug/1, 100 pug/l, and 200 pug/1].
Total RNA was isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). The final RNA concentration, integrity
and purity were validated, and meet the experiment require-
ments. RT-PCR was performed following the manufacturer's
recommendations (Takara Biotechnology, Dalian, Liaoning,
China). B-actin was used as the internal control (21). The
primers used are listed in Table I. Amplification conditions
were: 94°C for 2 min, followed by 28 or 30 cycles of 94°C for
30 sec, annealing temperature for 30 sec and 72°C for 1 min.
The PCR products were confirmed by electrophoresis in 2%
agarose gel at 120V for 30 min. Gel images were taken under
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Figure 2. Regulatory effects of different doses of TGF-f1 on TPR I, TR II and Smad4 mRNA expression levels in JEG-3 cells. (A) RT-PCR analysis of TBR I,
TPBR I and Smad4 mRNA levels in JEG-3 cells cultured in different concentrations of TGF-B1; (B,C,D) Statistical analyses. "P<0.05 when compared with

TGF-B1 0 ug/l; "P<0.05 when compared with any other group except 0 ug/1.

UV light using the UVP image analysis system (Shanghai
Jiapeng Technology, Shanghai, China) and analyzed with
Quantity One software (Bio-Rad, Hercules, CA, USA). Each
sample was repeated a minimum of five times. The relative
quantity of the specific gene was obtained and normalized to
the values of B-actin.

Western blot assay. The cells were incubated in 6-well plates
with an initial concentration of 3x10* cells/ml for 48 h and
then were allowed to grow in serum-free DMEM for 24 h.
Following cell synchronization, different concentrations of
TGF-p1 [0 pg/l (control group), 100 pg/l and 200 pg/1] were
added into each well and incubation continued for 48 h.
The cells were washed with PBS twice and then collected,
degraded and centrifuged at 12,000 rpm for 20 min at 4°C.
The supernatants were collected as whole cell protein extracts.
The bicinchoninic acid assay was used to determine protein
quantity. Samples were mixed with 5X sodium dodecyl
sulfate (SDS) loading buffer and denatured for 10 min at 95°C.
Equal amounts of extracted proteins were separated on 12%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and transferred to polyvinylidene difluoride
(PVDF) membranes. The membranes were blocked in 5%
non-fat dried milk in tris-buffered saline Tween-20 (TBST)
buffer (10 mmol/l Tris-HCL, 100 mmol/l NaCl and 0.1%
Tween-20) and then incubated with the primary antibody at
room temperature. After washing with the TBST buffer, the
membranes were incubated with the secondary antibody,
and then washed with TBST again three times, 5 minutes
per wash. Immunoblots were then visualized with Super
ECL Plus luminescence fluid (Applygen Technologies Inc.,
Beijing, China). -actin was the internal control. The densi-
ties of the bands were scanned and calculated with Quantity
One software (Bio-Rad). The relative amounts of the specific
protein expression (MMP-9 and TIMP-1) were obtained by
normalization to the densities of -actin.

Statistical analysis. All data were expressed as the 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 differences between each
two groups. P<0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed
using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA).

Results

TGF-f31 promotes JEG-3 cell invasion. When JEG-3 cells were
treated with TGF-B1 at a series of concentrations (0, 5, 50, 100
and 200 pg/1), the numbers of transmigrated cells significantly
increased with an increasing TGF-f31 concentration (P<0.05;
Fig. 1). This suggests a dose-dependent effect. The numbers of
transmigrated cells displayed significant differences between
the experimental groups and the control group, as well as
between any other two groups (P<0.05; Fig. 1).

Impact of TGF-1 on TBR I, TBR 1l and Smad4 mRNA expres-
sion in the JEG-3 cell line. JEG-3 cells were separately treated
by a series of TGF-1 concentrations (0, 5, 10, 25, 50, 100,
and 200 ug/l). It was revealed that with increasing TGF-f1
concentrations, the mRNA expression levels for TBR I, TR
II and Smad4 gradually reduced, suggesting a certain dose-
dependence (Fig. 2A). The mRNA expression levels for TBR
I, TPR II and Smad4 showed a statistically significantly differ-
ence (P<0.05) when compared with all other groups (Fig. 2B,
Cand D).

Impacts of TGF-f$1 on MMP-9 and TIMP-1 protein expres-
sion in the JEG-3 cell line. After incubation with the different
concentrations of TGF-B1 (0, 100 and 200 pg/l) for 48 h,
significantly increased protein expression levels of MMP-9 and
TIMP-1 were detected in JEG-3 cells (Fig. 3A). A dose-depen-
dent response was observed for both proteins. The MMP-9 and
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Figure 3. TGF-B1 upregulated MMP-9 and TIMP-1 protein expressions in JEG-3 with increasing of TGF-f1 concentrations. (A) Western blot assay of MMP-9
and TIMP-1 protein expressions in different concentrations of TGF-f1 in the JEG-3 cells. (B,C) MMP-9 and TIMP-1 protein expression. 'P<0.05 when

compared with TGF-B1 0 ug/l; “P<0.05 when compared with TGF-31 100 pg

TIMP-1 protein expressions displayed significant differences
between the experimental groups and the control group, as well
as between any other two groups (P<0.05; Fig. 3B and C).

Discussion

Human choriocarcinoma is the most aggressive malignant
tumor characterized by early hematogenous spread to lung and
brain tissues and can cause patients' death. Choriocarcinoma
may occur following pregnancy and during implantation;
however, trophoblastic invasion in human pregnancy is tightly
regulated. TGF-f1 has been found to correlate closely with
trophoblastic invasion (22). The expression of TGF-f1 can
be detected in almost all types of tumors and exists at an
upregulated level in cancer cells, allowing it to inhibit normal
cell proliferation yet enhance the growth of tumor cells (23).
During the early stage of tumorigenesis, TGF-p1 may be an
inhibitor of tumor cells through the suppression of many cell
functions; however, following the development of malignance,
it promotes tumor cell proliferation (24). TGF-B1 exists
within cells as a non-active complex that must be activated
in order to exert a biological effect on its major downstream
signaling molecule, Smad (25). The signaling pathway begins
with TGF-B1 ligands, which bind to a type II receptor, and
stimulate the Smad protein to act as a transcription factor
and participate in the regulation of target gene expression. If
mutations in multiple genes occur in the TGF-f1 signaling
pathway, it can lead to TGF-f1 tolerance and loss of func-
tion in senescence and apoptosis pathways. This may result
in the induction of malignant transformation by TGF-f1. Our
previous studies (16,17) revealed that the choriocarcinoma
JEG-3 cell line responds to the stimulation of TGF-f1 and
may promote JEG-3 cell proliferation; however, the effect of
TGF-f1 on invasion and the more exact mechanisms remain
a controversial issue. In this study, we found a significantly
higher function of TGF-31 in promoting invasion in the JEG-3
cell line. These findings suggest that TGF-f1 may participate
in the development of choriocarcinoma. Our observations
concur with the role of TGF-B1 in other malignancies (26,27).

/1.

We also found that mRNA expression was detectable for
TPAR I, TAR II and Smad4 in the choriocarcinoma JEG-3 cell
line. With increasing concentrations of exogenous TGF-f31,
the expressions of TRR I, TRR II and Smad4 were gradually
reduced. This suggests that the TGF-1/Smad4 transduction
system may participate in the initiation process and promote
the proliferation and invasion of choriocarcinoma. This func-
tion may be correlated with the decreased expression of TBR I,
TPR II and common-mediator Smads (Smad4), which limit
the downward propagation of the TGF-1/Smad4 signal and
subsequently cause tumor growth inhibition to reduce or even
become deficient. Certain animal experiments and clinical
studies (28-31) have also revealed that, within the tumor, several
types of mutations in the TPR II and Smad4 genes have been
identified. The loss of TPR II function may cause tumor cells
to deregulate the expression of the receptor protein, obstruct
the transmission of the TGF-f31 growth inhibiting signal (32)
and subsequently display malignant proliferation and inva-
sion. Moreover, TGF-f1 could also play distinct roles in the
Smad4-dependent and -independent signaling pathways (33).

Prior to invasion or metastasis, tumor cells must destroy
the adjacent tissues and cells, degrade the basement membrane
and then infiltrate the periphery mesenchyme. TGF-1 may
strengthen the capabilities of invasiveness and metastasis
through inducing the aberrant tumor microenvironment,
participating in the degeneration and rebuilding of the micro-
environment and enhancing the production of proteinase,
such as MMPs and urokinase (34,35). MMP-9 has the
largest molecular mass of all the MMP family members and
TIMP-1 is a specific inhibitor of MMP-9. They are involved
in the degradation of the extracellular matrix (ECM) and
play a role in the invasion and metastasis of tumor cells (3.,4).
Previous studies (36-38) have suggested that disruption to
the ECM during tumor progression is due to an imbalance in
the MMP/TIMP ratio. Our study revealed that a significant
upregulation of MMP-9 and TIMP-1 protein expression in
JEG-3 cells was observed following treatment with TGF-f1
at concentrations of 100 and 200 pg/l. These results were
consistent with those of Yudate et al (39). However, the ratio



of MMP-9/TIMP-1 was still higher than 1, which implied that
the balance of TIMP-1 inhibiting MMP-9 was disturbed, and
resulted in the high invasiveness of choriocarcinoma. By inte-
grating these results with our previous findings (17), we believe
that the downregulation in the expression of TBR I, TR II and
common mediator Smads may limit the downward propaga-
tion of the TGF-B1/Smad4 signal, and promote the tumor's
invasive capability. Simultaneously, the increasing secretion of
invasion-related factor MMP-9 may enhance the degradation
of the ECM and also promote the invasiveness of tumor cells.

In summary, although some previous studies have demon-
strated the critical role of TGF-f1 in the invasiveness and
metastasis of placental choriocarcinoma, the detailed biological
mechanisms are still unclear. Our data indicate that the role of
TGF-f1 in promoting invasion and metastasis may be medi-
ated through TPR I, TRR II, Smads-dependent pathways and
the regulation of MMP-9 and TIMP-1. Following the binding
of TGF-P1 to the cell membrane type II receptor, it activates
the type I receptor and stimulates the downstream molecules,
Smad2/Smad3, to bind to Smad4 forming a complex, which
subsequently participates in regulating target gene transcription
mediated by TGF-f1 in the nucleus. Based on the significance
of TGF-f1 in tumorigenesis and metastasis, further clarification
of the mechanisms of TGF-f1 in promoting tumor metastasis
will have crucial theoretical and clinical significance.
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