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Abstract
Background: This study investigated the roles of progesterone and leptin in placenta invasion,
which is closely related to pregnancy prognosis. We examined the effects of leptin and progesterone on the invasion of BeWo cells, a human trophoblastic cell line, and the effect of concurrent
treatment.
Methods: Cells were treated with leptin (0, 5, 50, or 500 ng/mL) or progesterone (0, 2, 20, or 200
µM) and cultured in an invasion assay. Cells treated with 500 ng/mL leptin were also treated with
progesterone (0, 2, 20, or 200 µM) in the invasion assay for 48 h. The number of cells that invaded
the lower surface was counted in five randomly chosen fields using a light microscope with a 200×
objective. The mRNA expression levels of MMP-9, TIMP1, TIMP2, and E-cadherin were detected
by semi-quantitative PCR.
Results: Invasion of BeWo cells was promoted by leptin and influenced by both leptin concentration and treatment duration. Invasion was most effective at 500 ng/mL leptin and 48 h culture.
Leptin-induced invasiveness was suppressed by progesterone in a dose-dependent manner. Leptin
significantly decreased the expression levels of TIMP1 and E-cadherin, whereas progesterone
significantly decreased expression of MMP-9 and significantly increased levels of TIMP1, TIMP2, and
E-cadherin.
Conclusions: Leptin promotes invasion of BeWo cells, and progesterone suppresses leptin-induced invasion by regulating the expressions of MMP-9, TIMP1, TIMP2, and E-cadherin. The
balance between leptin and progesterone may play an important role in human placenta formation
during early pregnancy.
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Introduction
The process of placental invasion into the uterus
during the early stage of pregnancy is essential for a
successful pregnancy. Invasion actively occurs during
weeks 8–16 of pregnancy, and invasion of extravillous
trophoblasts into the maternal decidual spiral artery
lowers the resistance of uterine blood flow, increasing
blood flow into the uterus up to 40-fold. If invasion is
insufficient to decrease resistance, growth retardation
in utero or preeclampsia may occur because the blood
flow increase to the uterus is disrupted and placental

function deteriorates [1, 2]. This theory is supported
by the observation of shallow intrauterine invasion
and almost no permeation into the maternal decidual
spiral artery in the placenta of a pregnant woman
affected by growth retardation in utero and
preeclampsia. Excessive placental invasion into the
myometrium is also problematic, as it causes placenta
accreta. Accreta is a condition that prevents separation of the placenta from the uterus after delivery,
which causes a large amount of bleeding and can lead
http://www.medsci.org
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to transfusion, hysterectomy, or maternal death.
Therefore, the invasion process must be balanced
between acceleration and suppression. However, the
control mechanisms for placenta invasion are not
clearly understood. Defining the mode of placenta
invasion will ultimately contribute to understanding
the causes of these diseases related to dysregulation of
invasion. Previous studies suggest that leptin is expressed 50-fold higher in the placenta during early
pregnancy relative to late pregnancy and that leptin
receptor is found in extratrophoblasts, which promotes placenta invasion during early pregnancy [3, 4].
Progesterone is an important hormone that is
found at high concentrations in the placenta during
early pregnancy. However, few studies have investigated the role of progesterone in placenta generation.
One study found increased progesterone during early
pregnancy in mothers with preeclampsia, and another
showed that it suppressed MMP-2 and MMP-9, two
genes related to placenta invasion, in vitro [3, 5]. Together, these results suggest that progesterone may
suppress placenta invasion.
In this study, we examined the effect of leptin on
invasion of BeWo cells, a human trophoblastic cell
line, and the effect of concurrent treatment with both
leptin and progesterone.

Methods
1) Invasion assay
We conducted an invasion assay using a 24-well
transwell support (BD, MA, USA). A PET (polyethylene terephthalate) membrane (8-µm pores) was
coated on the outside with 0.1% gelatin and on the
inside with 4:1 diluted Matrigel culture medium (BD,
MA, USA) without fetal bovine serum (FBS). The
lower chamber was filled with 10% FBS medium
containing 0, 5, 50, or 500 ng/mL leptin (Peprotech,
NJ, USA) and 0, 2, 20, or 200 µM progesterone P-7556
(Sigma, MO, USA) as a chemoattractant. BeWo cells
(5×104/200 µL) were seeded into the upper chamber
wells. After incubation for 24 or 48 h at 37 °C, the filter
was fixed with 100% methanol (1 min) and stained
with hematoxylin-eosin. Similarly, invasion was
monitored for 48 h by adding 500 ng/mL leptin to
each concentration of progesterone (0, 2, 20, or 200
µM). The cells in five randomly chosen fields were
counted under a light microscope with a 200× objective.

2) BeWo cell culture
BeWo human choriocarcinoma trophoblast cells
(American Type Culture Collection, Manassas, VA,
USA) were cultured in F12K medium (Invitrogen,
Carlsbad, CA) supplemented with 10% (v/v) FBS, 100
U/mL penicillin, and 100 mg/mL streptomycin
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(Invitrogen, Carlsbad, CA). Cells were maintained in
monolayer cultures at 37 °C in 5% CO2, 95% air and
100% humidity. BeWo cells were cultivated in 0, 5, 50,
or 500 ng/mL leptin or in 500 ng/mL leptin with
varying concentrations of progesterone (0, 2, 20, or
200 µM) for up to 48 h.

3) Semi-quantitative PCR
Total RNA was extracted from 100 mg placenta
tissues using an RNA Extraction Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol.
RNA concentration and purity were assessed using a
NanoDrop. cDNA was processed using RT Master
Premix (Elpis, Daejeon, Korea) in 20 µL total volume.
The following primer sequences were used (forward
and
reverse,
respectively):
MMP-9,
5′-TCTATGGTCCTCGCCCTGAA-3′ and 5′-CATCG
TCCACCGGACTCAAA-3′; TIMP1, 5′-TCTGCAAT
TCCGACCTCGTC-3′ and 5′-CTGTTCCAGGGAG
CCACAAA-3′; TIMP2, 5′-AGCTTTGCTTTATCCGG
GCT-3′ and 5′-ATGCTTAGCTGGCGTCACAT-3′;
E-cadherin, 5′-TCATGAGTGTCCCCCGGTAT-3′ and
5′-TCTTGAAGCGATTGCCCCAT-3′; β-actin, 5′-GTG
GGGCGCCCCAGGCACCAGGGC-3′ and 5′-CTCC
TTAATGTCACGCACGATTTC-3′. Each primer was
added at a final concentration of 0.5 μM to a 10 μL
PCR Master mixture (Promega, WI, USA). An initial
denaturation step was conducted for 5 min at 95 °C,
and 35 cycles of denaturation at 94 °C for 30 s, annealing at 53–62 °C for 30 s (MMP-9: 62 °C, TIMP1:
55.4 °C, TIMP2: 60 °C, E-cadherin: 53 °C, β-actin: 62
°C), and extension at 72 °C for 30 s were followed by a
final extension of 10 min at 72 °C. Ethidium bromide-stained bands were visualized by UV transillumination, and the fluorescence intensity was quantified using Quantity One (Bio-Rad, CA, USA).
RT-PCR data were collected from at least five independent experiments (Table 1).

4) Statistical analysis
All experiments were repeated at least three
times, and data are presented as the mean ± SD unless
noted otherwise. All statistical analysis was performed by SAS version 8 (SAS Institute Inc., Cary,
USA). Differences between data groups were evaluated for significance using ANOVA and sample t-test.
P-values less than 0.05 indicate statistical significance.

Results
1) Invasion assay
BeWo cells were treated with leptin (0, 5, 50, or
500 ng/mL) and cultured for 24 h. The number of cells
that invaded the lower surface was counted in five
regions at 200× magnification. The control group (0
ng/mL leptin) showed 11 ± 9.04 invasive cells. In
http://www.medsci.org
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comparison, groups treated with 5, 50, and 500
ng/mL leptin showed significant increases with 43.22
± 30.7, 50.7 ± 14.93, and 83.1 ± 15.05 invasive cells,
respectively (P = 0.025, 0.011, and 0.001, respectively;
Fig. 1).
Cells were cultured for 48 h in 0, 5, 50, or 500
ng/mL leptin, and the number of cells that invaded
the lower surface was counted in five regions at 200×
magnification. The number of invasive cells in the
control group (0 ng/mL leptin) was 8.17 ± 9.08,
whereas those of the 5, 50, and 500 ng/mL leptin
groups were 55.42 ± 27.84, 80.48 ± 38.89, and 109.37 ±
34.58, respectively (Fig. 2). Although the increase for
the 5 ng/mL leptin group was insignificant, both the
50 and 500 ng/mL leptin groups showed statistically
significant increases in the number of invasive cells
relative to the control group (P = 0.008 and 0.001, respectively). Furthermore, the 500 ng/mL leptin group
showed a significantly greater number of invasive
cells in the 48 h culture relative to the 24 h culture (P =
0.001).
BeWo cells were treated with progesterone (0, 2,
20, or 200 µM) and cultured for 48 h. The number of

invasive cells in the control group (0 µM progesterone) was 56.59 ± 61.97, whereas those of the 2, 20, and
200 µM progesterone groups were 80.00 ± 57.89, 49.56
± 24.85, and 31.44 ± 21.30, respectively. The differences between the groups were not statistically significant (P = 0.165).
We further tested the effect of progesterone on
BeWo cells treated with 500 ng/mL leptin. The number of invasive cells was counted after treatment with
0, 2, 20, or 200 µM progesterone and 500 ng/mL leptin
for 48 h. The number of invasive cells in the control
group (500 ng/mL leptin and 0 µM progesterone) was
124.83 ± 21.43, while those of cells treated with 500
ng/mL leptin and 2, 20, or 200 µM progesterone were
121.75 ± 24.49, 79.75 ± 20.16, and 5.67 ± 1.93, respectively (Fig. 3). The number of invasive cells decreased
with increased progesterone concentration. Compared to the 500 ng/mL leptin control group, the
number of invasive cells did not significantly decrease
on addition of 2 µM progesterone; however, addition
of 20 and 200 µM progesterone significantly decreased
the number of invasive cells (P = 0.02 and 0.001, respectively).

Table 1. Primer pairs for RT-PCR
Gene
MMP-9

Accession #
NM_004994

TIMP1

NM_003254

TIMP2

NM_003255

E-cadherin

NM_004360

β-actin

NM_001101

Sequence (5′3′)
TCT ATG GTC CTC GCC CTG AA
CAT CGT CCA CCG GAC TCA AA
TCT GCA ATT CCG ACC TCG TC
CTG TTC CAG GGA GCC ACA AA
AGC TTT GCT TTA TCC GGG CT
ATG CTT AGC TGG CGT CAC AT
TCA TGA GTG TCC CCC GGT AT
TCT TGA AGC GAT TGC CCC AT
GTG GGG CGC CCC AGG CAC CAG GGC
CTC CTT AAT GTC ACG CAC GAT TTC

Annealing Temp. (°C)
62

Size (bp)
219

55.4

286

60

175

53

240

62

540

Figure 1. Stimulation of BeWo cell invasion potential with leptin. BeWo cells cultured in the absence or presence of leptin (5, 50, or 500 ng/mL) were subjected to the invasion
assay. After 24 h, cells were stained with hematoxylin-eosin (A, 0 ng/mL; B, 5 ng/mL; C, 50 ng/mL; D, 500 ng/mL), and the number of invasive cells was counted in five fields per
sample (×200). Significance versus vehicle-treated cells: *P < 0.05, **P < 0.01.
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Fig. 2. Stimulation of BeWo cell invasion potential with leptin. BeWo cells cultured in the absence or presence of leptin (5, 50, or 500 ng/mL) were subjected to the invasion
assay. After 48 h, cells were stained with hematoxylin-eosin (A, 0 ng/mL; B, 5 ng/mL; C, 50 ng/mL; D, 500 ng/mL), and the number of invasive cells was counted in five fields per
sample (×200). Significance versus vehicle-treated cells: **P < 0.01.

Fig. 3. Suppression of BeWo cell invasion potential by treatment with 500 ng/mL leptin and progesterone. Cells were cultured with different progesterone concentrations (2,
20, and 200 µM) and subjected to the invasion assay. After 48 h, cells were stained with hematoxylin-eosin (A, 0 µM; B, 2 µM; C, 20 µM; D, 200 µM), and the number of invasive
cells was counted in five fields per sample (×200). Significance versus the leptin-only treatment: *P < 0.05, **P < 0.01.

2) Quantitative RT-PCR
After treating BeWo cells with different leptin
concentrations for 48 h, we conducted RT-PCR. Relative to the control group with no leptin, no group
showed a significant difference in MMP-9 expression
(Fig. 4A). Although there was no significant difference
in TIMP1 expression at 5 or 50 ng/mL leptin relative
to the control group, the expression significantly decreased with 500 ng/mL leptin (P = 0.036; Fig. 4B).
There was no significant difference in TIMP2 expression between the control group and groups treated
with leptin (Fig. 4C). However, E-cadherin expression
was significantly decreased by treatment with 5, 50,
and 500 ng/mL leptin (P = 0.03, 0.012, and 0.004, re-

spectively; Fig. 4D). Furthermore, E-cadherin expression significantly decreased in the groups treated with
50 and 500 ng/mL leptin compared to the group
treated with 5 ng/mL and in the 500 ng/mL group
relative to the 50 ng/mL group, suggesting that
E-cadherin expression is dependent on the leptin
dose.
Cells treated with 500 ng/mL leptin alone or
with 2, 20, or 200 µM progesterone were cultured for
48 h before conducting RT-PCR. Although there was
no significant difference in MMP-9 expression between the leptin-only control group and the 2 µM
progesterone group, there were significant decreases
in the 20 and 200 µM groups (P = 0.039 and 0.01, respectively; Fig. 5A). A similar dose-dependent effect
http://www.medsci.org
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was observed for TIMP1 expression, which showed
significant increases in the 20 and 200 µM progesterone groups (P = 0.027 and 0.02, respectively; Fig. 5B).
Significantly increased TIMP2 expression relative to
the control group was only observed in the 200 µM
progesterone group (P = 0.034; Fig. 5C). There was no
difference in E-cadherin expression between the control group and the 2 µM progesterone group, but significant increases were observed in the 20 and 200 µM
groups (P = 0.026 and 0.008, respectively; Fig. 5D).

Discussion
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In this study, we demonstrated that invasion is promoted by leptin in BeWo cells, with the greatest effect
at high (500 ng/mL) leptin concentration. In a previous test using a human extravillous trophoblast cell
line, leptin was found to most effectively promote
invasion at 500 ng/mL [4]. This suggests that leptin-induced invasion is influenced by its concentration. We further varied the culture time from 24 to 48
h for each leptin concentration and found that the
number of invading cells increased in the 48 h culture.
Therefore, we conclude that invasion is influenced by
both leptin concentration and culture time.

Leptin is highly expressed during early pregnancy and is thought to participate in invasion [6-8].

Fig. 4. MMP-9, TIMP1, TIMP2, and E-cadherin mRNA expression with leptin. Total
RNA was extracted from cultured BeWo cells treated with different leptin concentrations (0, 5, 50, and 500 ng/mL) and analyzed by RT-PCR. MMP-9 (A), TIMP1 (B),
TIMP2 (C), and E-cadherin (D) levels were analyzed by agarose gel electrophoresis
(left column), and their relative expression levels were quantified (right column).
Significance versus vehicle-treated cells: *P < 0.05, **P < 0.01.

Fig 5. MMP-9, TIMP1, TIMP2, and E-cadherin mRNA expression with leptin and
progesterone. Total RNA was extracted from cultured BeWo cells treated with 500
ng/mL leptin and different concentrations of progesterone (2, 20, and 200 µM) and
analyzed by RT-PCR. MMP-9 (A), TIMP1 (B), TIMP2 (C), and E-cadherin (D) levels
were analyzed by agarose gel electrophoresis (left column), and their relative expression levels were quantified (right column). Significance versus vehicle-treated
cells: *P < 0.05, **P < 0.01.

http://www.medsci.org
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In this study, leptin suppressed TIMP1 mRNA
expression. TIMP1 mainly suppresses MMP-9 activity. MMPs decompose type IV collagen, which is a
major component of basal membranes, thereby causing invasion. MMP-9 is particularly crucial for placental invasion [9, 10]. A recent study found that leptin increases MMP-9 activity [11]. Our results suggest
that this effect on MMP-9 arises from TIMP1 suppression. Although the effect of leptin on TIMP1 in
trophoblasts has not been studied, leptin was previously shown to reduce expression of TIMP1 mRNA in
cardiomyocytes [12].
We also found that leptin suppressed E-cadherin
mRNA expression. E-cadherin is involved in cell-cell
adhesion. E-cadherin dysfunction in tumors is related
to tumor invasiveness, and E-cadherin expression
levels are correlated to malignant alterations in tumors [13]. Reduced E-cadherin expression in extravillous trophoblasts and choriocarcinoma increases
invasiveness [14, 15]. Although the effect of leptin on
E-cadherin in trophoblasts is unknown, adiponectin
was reported to reduce E-cadherin expression in BeWo cells [16]. Herein, we found that leptin reduced
E-cadherin expression in BeWo cells and promoted
invasiveness. Progesterone is an important pregnancy
hormone that is secreted from the ovaries during early
pregnancy and later from the placenta. Little is known
about the role of progesterone in placental invasion,
but some studies have shown its involvement. Progesterone suppresses MMP-9 in trophoblasts [9, 17].
However, to our knowledge, no previous study has
examined how progesterone directly affects invasion.
In this study, we found that leptin-induced invasiveness is suppressed by progesterone. Leptin activity
was also inhibited by progesterone in intrauterine
granulosa cells [18], and reduction of progesterone in
trophoblasts increases expression of leptin and leptin
receptor and, subsequently, invasion [19]. Therefore,
we propose that the balance between progesterone
and leptin influences successful trophoblast invasion.
We found that progesterone-mediated invasion suppression is correlated to decreased MMP-9 expression
and increased TIMP1, TIMP2, and E-cadherin expressions. MMP-9 suppression was observed in several
previous studies, and progesterone was predicted to
negatively regulate invasion [5]. The balance between
MMPs and TIMPs is important in determining invasiveness. Progesterone suppresses invasion by reducing the level of MMP-9 and increasing those of its
inhibitors, TIMP1 and TIMP2. E-cadherin has a negative effect on invasion. Herein, we found that progesterone increases E-cadherin levels, which led to
invasion suppression. Similarly, in human endometrium and pregnant canine uterus, progesterone increased E-cadherin levels [20, 21].
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In this study, we demonstrated with a cell invasion assay that leptin promotes invasion of BeWo
choriocarcinoma cells and that progesterone suppresses this leptin-induced invasion. This suggests
that the balance between leptin and progesterone may
play an important role in formation of the human
placenta during early pregnancy. Furthermore, our
RT-PCR results suggest that leptin promotes invasion
by reducing TIMP1 and E-cadherin levels and that
progesterone regulates MMP-9, TIMP1, TIMP2, and
E-cadherin expression. Future research on the human
placenta will be necessary to investigate this possibility and develop clinical applications for the results.
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