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Abstract
Studies have shown that sFlt-1 overproduction stimulated by excess VEGF of deciduous origin in trophoblasts can cause 
preeclampsia. However, the mechanism underlying how VEGF regulates sFtl-1 expression in trophoblasts remains unknown. 
To address this issue, JEG3 and HTR-8/SV neo (HTR8) trophoblast cell lines were used to investigate the signaling pathways 
involved in the regulation of sFlt-1 production via VEGF overexpression in vitro. JEG3 (VEGF–GFP–JEG3, V-J) and HTR8 
(VEGF–GFP–HTR8, V-H) cells overexpressing VEGF165 were established by infecting the JEG3 and HTR8 cell lines with 
lentivirus expressing VEGF165. Both the mRNA and protein levels of VEGF and sFlt-1 were dramatically up-regulated in 
the V-J and V-H cells compared to the JEG3 and HTR8 cells, and they were significantly decreased after treatment with an 
Flt-1 receptor inhibitor (MK-2461), a KDR receptor inhibitor (XL-184), or an Flt-1 and KDR receptor inhibitor (ABT-869). 
The mRNA levels of sFlt-1, Flt-1, and KDR were increased in V-H cells after treatment, and the VEGF-A mRNA levels were 
also elevated. The migration and invasion abilities of JEG3 and HTR8 cells were decreased after VEGF overexpression, and 
this reduction could be reversed with VEGF receptor inhibitor treatment. In addition, after the different treatments, the cell 
migration rates of V-J cells were significantly increased compared with the control treatment. Taken together, these results 
indicate that sFlt-1 up-regulation by VEGF may be mediated by the VEGF/Flt-1 and/or VEGF/KDR signaling pathways. 
However, elucidating which pathway plays this key role requires further investigation.
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Introduction

Preeclampsia (PE) is a severe pregnancy-related complica-
tion which is a leading cause of maternal and perinatal mor-
bidity and mortality and is mainly characterized by maternal 
hypertension and proteinuria after 20 weeks of gestation [1]. 
Although a series of PE risk factors have been identified, the 
underlying pathogenic mechanism of PE is not completely 
understood. However, PE is primarily a consequence of an 
imbalance between proangiogenic growth factors (such as 
VEGF-A) and antiangiogenic factors (such as sFlt-1) [2]. The 
concentration of sFlt-1 in maternal circulation is relatively 
low during early pregnancy and begins to rise during the mid-
dle and late periods [3]. SFlt-1 e15a has been identified as a 
primate-specific sFlt-1 splice variant that is abundant in the 
placenta [4]. SFlt-1 plays an important role in the pathogenesis 
of PE. Previous studies have reported that sFlt-1 expression is 
significantly elevated in preeclamptic placentas at 11 weeks 
of pregnancy and that it begins to increase 5 weeks prior to 
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the onset of clinical PE symptoms [3]. Moreover, a placenta-
specific lentivirus overexpressing sFlt-1 in rats could induce 
hypertension, proteinuria, and glomerular endothelial cell pro-
liferation, which are similar to PE symptoms [5]. Additionally, 
a recent study showed that removing sFlt-1 from extracorpor-
eal circulation by dialysis could improve the conditions of PE 
patients and prolong their pregnancies [6].

There have been many studies on the regulation of sFlt-1 
expression. One recent study observed that heterogeneous 
nuclear ribonucleoprotein D (hnRNP D) could bind Flt-1 pre-
mRNA and that hnRNP D overexpression could decrease the 
sFlt-1 mRNA levels in human microvascular endothelial cells 
(HMVECs) [7]. In addition, nitrite-derived nitric oxide (NO) 
has been shown to prevent hypertension during pregnancy and 
to concomitantly reduce the circulating plasma levels of sFlt-1 
and VEGF [8], and sFlt-1 has been identified as an antagonist 
of VEGF and PIGF [9]. Notably, placental vascular defects and 
early embryonic death in VEGF-knockout or VEGF-overex-
pressing mice have been observed in previous studies [10, 11]. 
Increasing evidence has shown that VEGF expression is sig-
nificantly increased in PE, and importantly, the severity of PE 
is associated with elevated VEGF expression [12]. Exogenous 
VEGF121 has been administered to experimental animals in 
attempts to neutralize excess sFlt-1, revealing that exogenous 
VEGF121 could alleviate the symptoms of PE [3].

A previous study observed that HIF-1α overexpression 
in pregnant mice results in elevated sFlt-1 levels and leads 
to a wide range of pregnancy complications [13]. Mean-
while, another study observed that human trophoblast cells 
administered a low dose of nicotine which could promote 
VEGF secretion by increasing HIF-1α-mediated VEGF tran-
scription under hypoxic conditions [14]. Importantly, one 
study showed that VEGF induced a concentration-depend-
ent release of sFlt-1 into cultured placental villous explants 
[15]. Previous studies in our laboratory showed that VEGF 
overexpression in endometrial decidual cells could directly 
stimulate sFlt-1 overexpression in the placenta, which may 
induce similar PE symptoms in pregnant mice [16]. In the 
present study, we hypothesized that sFlt-1 up-regulation is 
regulated by the VEGF-A/Flt-1 or VEGF-A/KDR signal-
ing pathways. To confirm this hypothesis, we examined the 
expression levels of sFlt-1 and VEGF-A after administering 
VEGF-A receptor inhibitors to HTR-8/SV neo and JEG3 
cells expressing exogenous VEGF165 to block the VEGF-A/
Flt-1 or VEGF-A/KDR signaling pathways separately.

Materials and methods

Cell lines and culture conditions

The human choriocarcinoma cell line JEG3 (TCHu195, from 
Shanghai Cell Bank, China) and the trophoblast cell line 

HTR-8/SV neo (referred to as HTR8 herein, kindly provided 
by Dr. Charles H. Graham, Queen’s University, Canada) 
were grown in Dulbecco’s modified Eagle’s medium/nutrient 
mixture F12 (DMEM/F12) (HyClone, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibco, USA) and 1% 
v/v penicillin/streptomycin (10,000 units/mL penicillin and 
10,000 µg/mL streptomycin, Gibco) at 37 °C with 5% CO2.

Establishing the VEGF–GFP–HTR8 and VEGF–GFP–
JEG3 cell lines

Stable VEGF165 overexpression in the HTR8 and JEG3 cell 
lines was achieved by transduction with lentivirus encoding 
GFP and VEGF165 (LV–GFP–VEGF) [16]. Briefly, cells at 
approximately 70% confluency were transduced with 10 µL 
of LV–GFP–VEGF in 250 µL of DMEM/F12 in 24-well 
plates. After 24 h, 500 µL of fresh DMEM/F12 was added 
to each well, and the medium was refreshed every day. Pure 
VEGF–GFP–HTR8 and VEGF–GFP–JEG3 cell lines (V-H 
and V-J cells, respectively) were acquired by sorting GFP-
positive cells after lentiviral transduction and then amplify-
ing them for subsequent experiments.

Grouping and treatments

Cells were grown in a 25-cm2 flask until confluency. After 
24 h of serum starvation, HTR8 and JEG3 cells were main-
tained in DMEM/F12 supplemented with 1% FBS; the con-
trol HTR8 and JEG3 cell lines were maintained in FBS-free 
media. V-H and V-J cells were divided into the following 
treatment groups and compared with JEG3 and HTR8 cells: 
a VEGF overexpression group (V-H or V-J) in DMEM/
F12 and VEGF-overexpressing cells with an Flt-1 receptor 
inhibitor (10 nM MK-2461, Selleck, USA), a KDR recep-
tor inhibitor (4 nM XL-184, Selleck), or an Flt-1 and KDR 
receptor inhibitor (0.035 nM ABT-869, Selleck). Doses of 
these inhibitors were determined in a dose-dependent experi-
ment, and all the inhibitors were diluted in DMEM/F12. 
After 24 h of incubation, the cell culture supernatants were 
collected for enzyme-linked immunosorbent assays (ELI-
SAs) of VEGF and sFlt-1 expression, and cells were col-
lected to analyze VEGF and its receptors at the RNA and 
protein levels.

RNA extraction, cDNA synthesis, and qPCR

Total cellular RNA was isolated with RNAiso Plus 
(TAKARA, China), and cDNA was then synthesized from 
the extracted RNA using Rever Tra qPCR RT Master Mix 
(TOYOBO, Japan) and gDNA remover (TOYOBO, Japan). 
The samples were further processed for qPCR using PCR 
mixtures that contained 1 µL of cDNA, 1 µL of each primer, 
10 µL of SYBR Premix Ex Taq II (TOYOBO, Japan), and 
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7 µL of DNase-free water in a final volume of 20 µL. The 
cycling conditions were adopted as published previously: 
10 s at 95 °C followed by 45 cycles at 95 °C for 5 s, 30 s at 
60 °C, and 30 s at 72 °C. The appropriate primers have been 
published previously (Table 1). Amplification reactions were 
performed on either a LightCycler 480 Instrument II (Roche 
Diagnostics, USA) or a CFX96 Optics Module (BIO-RAD, 
Singapore) and utilized SYBR Green (Qiagen, USA). The 
2−ΔCT method, where CT is the cycle threshold, was used to 
calculate the RNA levels [17]. All the RT-PCR results were 
normalized to the expression of the reference gene GAPDH.

ELISA

The levels of sFlt-1 and VEGF-A in the supernatants from 
the abovementioned treatment groups were separately evalu-
ated with sFlt-1 (F13478-A96T, FUDEAN Inc., China) and 
VEGF (BMS277/2, eBioScience, USA) ELISA kits accord-
ing to the manufacturer’s instructions. The levels of VEGF-
A and sFlt-1 in the supernatants are expressed in terms of 
pg/mL and ng/L, respectively.

Western blot

The cells were lysed using a lysis buffer containing protease 
inhibitor, and the total protein content was determined using 
a BCA kit (Thermo Fisher) after centrifugation at 4 °C and 
12,000 rpm for 30 min. The extracts were boiled in loading 
buffer for 10 min, and then, the total protein extracts were 
separated via 10% SDS-PAGE and transferred onto poly-
vinylidene difluoride (PVDF) membranes. After blocking 
nonspecific binding with 5% BSA at room temperature for 
2 h, the membranes were incubated overnight at 4 °C with 
primary antibodies against sFlt-1 (1:1000; 36-1100, Invit-
rogen) and GAPDH (1:4000; 2118, Cell Signaling Technol-
ogy). Then, the membranes were washed with TBST and 
incubated with horseradish peroxidase-conjugated goat anti-
rabbit secondary antibodies (1:4000; ab97051, Abcam) for 
1 h at room temperature. Finally, the washed membranes 
were incubated with ECL solution for 5 min and detected 
with a Molecular Imager® Gel Doc™ XR System (Bio-Rad, 

USA), and the western blot images were analyzed with 
ImageJ software.

Wound healing assay

The wound healing assay was performed following a previ-
ously published method [18]. Briefly, cells were grown in 
24-well plates until confluency. After 24 h of serum star-
vation, a central linear wound area was created by scrap-
ing the cell monolayers with a sterile 200-µL pipette tip. 
The wounded cell monolayers were then washed twice with 
Dulbecco’s phosphate buffered saline (DPBS, HyClone) to 
remove floating cells or debris and then allowed to heal for 
24 h in DMEM/F12 conditioned for the different treatment 
groups as described above. The widths of the wound areas 
were monitored and photographed with an inverted micro-
scope (OLYMPUS, Japan) at 0, 12, and 24 h. Cell migration 
was assessed by quantifying the width of wound closure 
relative to the initial wound area at 12 and 24 h.

Transwell insert invasion assay

The transwell assay was performed according to methods 
established in a previous study [19]. In brief, a transwell 
insert chamber coated with Matrigel (BD Biosciences, 
Israel) was used according to the manufacturer’s instruc-
tions. The cells were seeded into transwell inserts pre-coated 
with 1 mg/mL Matrigel (Matrigel:media = 1:7) at 1 × 105 
cells per insert in serum-free DMEM/F12, and the lower 
chambers were loaded with DMEM/F12 supplemented with 
10% FBS. The invaded cells on the bottom side of the inserts 
were fixed with 4% polyoxymethylene 24 h later and stained 
with 0.1% crystal violet. Images of the invaded cells were 
captured under a light microscope (OLYMPUS, Japan), and 
the cells were counted using ImageJ software.

Statistical analysis

Data were analyzed using GraphPad Prism 6.0 and are pre-
sented as the mean ± SEM with at least three repeats. Com-
parisons between groups were performed using unpaired 

Table 1   Primer set for quantitative RT-PCR

Sequence code Forward (5′ > 3′) Reverse (5′ > 3′)

GAPDH 5′-CCA​TGG​GTG​GAA​TCA​TAT​TG-3′ 5′-GGT​GAA​GGT​CGG​AGT​CAA​C-3′
VEGF-A 5′-ATC​CGC​ATA​ATC​TGC​ATG​GT-3′ 5′-TCT​TCA​AGC​CAT​CCT​GTG​TG-3′
sFlt-1 5′-AGA​GGT​GAG​CAC​TGC​AAC​-3′ 5′-ACT​GCT​ATC​ATC​TCC​GAA​C-3′
sFlt-1 es15a 5′-CCC​GGC​CAT​TTG​TTA​TTG​TTA-3′ 5′-ACA​CAG​TGG​CCA​TCA​GCA​GTT-3′
Flt-1 5′-CAA​ACT​CCC​ACT​TGC​TGG​CAT​CAT​-3′ 5′-AAC​CAG​AAG​GGC​TCT​GTG​GAA​AGT​-3′
KDR 5′-GAG​AGT​TGC​CCA​CAC​CTG​TT-3′ 5′-CAA​CTG​CCT​CTG​CAC​AAT​GA-3′
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Student’s t tests. Two-sided p values < 0.05 were considered 
statistically significant.

Results

VEGF–GFP–JEG3 and VEGF–GFP–HTR8 cells were 
established by infecting JEG3 and HTR8 cells 
with LV–VEGF–GFP

To establish the V-J and V-H cell lines, JEG3 and HTR8 
cells were transduced with LV–VEGF–GFP. V-H and V-J 
cells were obtained after separately sorting for GFP-positive 
cells by flow cytometry (Fig. 1a, e). The VEGF-A mRNA 
levels were significantly higher in the V-H and V-J cell lines 
than in the HTR8 or JEG3 cell lines, as determined by qRT-
PCR (Fig. 1b, f). Moreover, the VEGF-A protein levels were 
also significantly increased in the V-H and V-J supernatants 
(Fig. 1c, g). Interestingly, the sFlt-1 and sFlt-1 e15a mRNA 
levels and the sFlt-1 protein levels were also increased in 
these two cell lines (Fig. 1b, d, f, h).

VEGF‑A regulated sFlt‑1 production 
through the VEGF‑A/Flt‑1 or/and VEGF‑A/KDR 
pathways

Since we identified VEGF-A as a regulator of sFlt-1, we 
decided to further explore the pathway through which 
VEGF-A regulates sFlt-1 expression. Because VEGF-A 
has two receptors, Flt-1 and KDR, MK-2461, XL-184, and 
ABT-869 were administered separately to the V-H and 
V-J cells. Interestingly, qRT-PCR analysis showed that 
the VEGF-A, sFlt-1, Flt-1, and KDR mRNA levels were 
significantly increased in the V-H cells after Flt-1 or/and 
KDR inhibition (Fig. 2a–c). However, the sFlt-1 proteins 
levels were dramatically decreased in the V-H superna-
tants (Fig. 2d) and cells (Fig. 2i, j), and the sFlt-1 mRNA 
levels were markedly decreased in the V-J cells after treat-
ment with the three inhibitors (Fig. 2e–g). In addition, 
the ELISA (Fig. 2h) and western blot analyses (Fig. 2i, 
k) showed that the sFlt-1 protein levels were significantly 
decreased after treatment with all of the VEGF-A receptor 
inhibitors.

Fig. 1   Establishing the VEGF–GFP–JEG3 (V-J) and VEGF–GFP–
HTR8 (V-H) cell lines: Image analysis of V-H cells (green: V-H) (a). 
Scale bar = 50  µm. QPCR analysis of VEGF-A, sFlt-1, sFlt-1 e15a, 
Flt-1, and KDR expression in the HTR8 cell line after transfection 
with LV–VEGF–GPF or in the control (b). ELISA analysis of VEGF-
A (c) and sFlt-1 (d) expression in V-H cells or in the control. Image 

analysis of V-J cells (green: V-J) (e). Scale bar = 50 µm. QPCR anal-
ysis of the expression of VEGF-A, sFlt-1, and relative genes in the 
JEG3 cell line after transfection with LV–VEGF–GPF or in the con-
trol (f). ELISA analysis of VEGF-A (g) and sFlt-1 (h) expression in 
JEG3 cells after transfection with LV–VEGF–GPF or in the control. 
*p < 0.05, **p < 0.01. (Color figure online)



5Molecular and Cellular Biochemistry (2018) 449:1–8	

1 3

The migration and invasive abilities of HTR8 
and JEG3 were altered after VEGF overexpression

Previous studies have reported that sFlt-1 could inhibit the 
invasion of trophoblast cells [20]. Since we confirmed that 
VEGF-A regulates sFlt-1 production through the VEGF-A/
Flt-1 or/and VEGF-A/KDR signaling pathways, we further 
investigated the migration and invasion abilities of HTR8 
and JEG3 cells after the different treatments. Wound healing 
assay analysis showed that the V-H migration rate was sig-
nificantly lower than that of HTR8 cells, although it partially 
recovered after incubation with the inhibitors (MK-2461, 
XL-184 and ABT-869) for 24 h (Fig. 3a, c). In addition, the 
changes in the invasion ability of the V-H cells followed the 
same pattern under the above treatment conditions (Fig. 3b, 
d). Moreover, we found that the migration ability of V-J 
cells was not altered compared to that of JEG3 cells, but it 
did significantly increase after treatment with the inhibitors 

(except ABT-869) (Fig. 4a, c). However, analysis of the 
invasion assay showed that the invasion ability of V-J cells 
was significantly lower than that of JEG3 cells. Additionally, 
the reduced invasive ability of V-J cells could be ameliorated 
after treatment with the three VEGF-A receptor inhibitors 
to levels even higher than those in JEG3 cells when treated 
with the Flt-1 and KDR inhibitors by themselves (Fig. 4b, d).

Discussion

In the present study, sFlt-1 up-regulation by VEGF-A was 
determined to be mediated by the VEGF/Flt-1 and/or VEGF/
KDR signaling pathways in the JEG3 and HTR8 cell lines. 
SFlt-1 expression was dramatically increased in both V-H 
and V-J cells, as determined by qRT-PCR analysis and 
ELISA in these VEGF165-overexpressing HTR8 and JEG3 
cell lines. In addition, the migration and invasion abilities of 

Fig. 2   Relative gene expression after treatment with VEGF receptor 
inhibitors: QPCR analysis of the mRNA levels of VEGF-A, sFlt-1, 
sFlt-1 e15a, Flt-1, and KDR in VEGF–GPF–HTR8 (V-H) cells after 
a 24-h incubation with VEGF-A receptor inhibitors or in the control 
(a–c). V-H cells treated with MK-2461 are shown in (a). V-H cells 
treated with XL-184 or ABT-869, respectively (b, c). Both ELISA 
analysis (d) and western blot analysis (i, j) of sFlt-1 expression in 
V-H cells after incubation with three VEGF-A receptor inhibitors 

or in the control. QPCR analysis of the mRNA expression levels of 
VEGF-A, sFlt-1, and related genes in VEGF–GPF–JEG3 (V-J) cells 
after treatment (24 h) with VEGF-A receptor inhibitors or in the con-
trol (e–g). Figure (e) represents V-J cells treated with MK-2461. The 
XL-184 and ABT-869 treatment results are shown in (f, g). ELISA 
analysis (h) and western blot analysis (i, k) of sFlt-1 expression in V-J 
cells after treatment with three VEGF-A receptor inhibitors or in the 
negative control. Plus: treated; minus: untreated. *p < 0.05, **p < 0.01
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the V-H and V-J cells were dramatically lower than those of 
the HTR8 and JEG3 cell lines, although they could be sig-
nificantly increased after treatment with VEGF-A receptor 
inhibitors. Our findings indicate that VEGF-A overexpres-
sion weakens the migration and invasion abilities of tropho-
blast cells and the remodeling of spiral arteries, at least in 
part by regulating sFlt-1 through the VEGF/Flt-1 and/or 
VEGF/KDR signaling pathways. This result has potential 
key implications for the design of PE therapies that involve 
the VEGF/Flt-1 and/or VEGF/KDR signaling pathways.

Our findings demonstrate that the migration and inva-
sion abilities of trophoblast cells become weakened when 

VEGF-A expression is significantly elevated. Extravillous 
trophoblast (EVT) invasion is a critical process during the 
first trimester of human pregnancy [21]. The relationship 
between EVTs and spiral arteries has been reported previ-
ously [22], but the details underlying their molecular inter-
actions remain unclear. Nevertheless, studies have shown 
that a failure of spiral artery remodeling could lead to the 
pathophysiology of PE [23]. Previous research has suggested 
that the expression and release of VEGF are dramatically 
elevated in PE placentas [24]. A recent study found that 
slight increases in local VEGF expression during early preg-
nancy could result in severe placental vascular damage [16]. 

Fig. 3   Effects on the migration and invasion abilities of VEGF–GFP–
HTR8 (V-H) cells after treatment with VEGF-A receptor inhibitors: 
wound healing assay images (a) and the percentage of wound heal-
ing in HTR8 and V-H cells after treatment with three VEGF-A recep-

tor inhibitors compared with that in the negative control (c). Invasion 
assay images (b) and quantitation of HTR8 and V-H cell migration 
after treatment with three VEGF-A receptor inhibitors and in the neg-
ative control (d). *p < 0.05, **p < 0.01. Scale bar = 20 µm

Fig. 4   Effects on the migration and invasion abilities of VEGF–GFP–
JEG3 (V-J) cells after treatment with VEGF-A receptor inhibitors: 
wound healing assay images (a) and the percentage of wound heal-
ing in JEG3 and V-J cells after treatment with three VEGF-A recep-

tor inhibitors compared with that in the negative control (c). Invasion 
assay images (b) and quantitation of JEG3 and V-J cell migration 
after treatment with three VEGF-A receptor inhibitors and in the neg-
ative control (d). *p < 0.05, **p < 0.01. Scale bar = 20 µm
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Moreover, another recent study reported significantly higher 
VEFG serum levels in those with severe PE than in those 
with mild PE and in controls, and the researchers thought 
that VEGF might be a significant marker for predicting the 
severity of PE [25]. These results indicate that increased 
VEGF-A expression may result in inadequate spiral artery 
remodeling, ultimately leading to PE.

Interestingly, we also found that sFlt-1 expression was 
significantly increased in trophoblast cells overexpress-
ing VEGF-A. It is widely known that sFlt-1 is involved in 
the pathogenesis of PE. Studies have found that hyperten-
sion, proteinuria, and renal damage, all characteristics of 
PE, could be easily induced in pregnant mice [26] or rats 
[27] by overexpressing sFlt-1 in their placentas. Another 
study showed bleeding placentas and embryo loss in sFlt-1 
placenta-specific knockout mice, suggesting that sFlt-1 is 
important for maintaining placental function [9]. Abundant 
recent evidence has shown that VEGF can directly stimu-
late sFlt-1 expression. First, an in situ hybridization study 
of the placental basal plates of PE patients showed VEGF 
to be strongly expressed in decidual cells and sFlt-1 expres-
sion to be significantly increased in ETV cells [16]. Second, 
VEGF stimulated both vascular endothelial cells in vitro and 
human placenta explants releasing sFlt-1 depending on the 
dose of VEGF [15]. Third, expression of the Flt-1 unique 
variant sFlt-1-14 was increased in PE patients, and VEGF 
could stimulate sFlt-1-14 to increase the number of vascular 
smooth muscle cells [28]. Therefore, our data further vali-
date the hypothesis that VEGF regulates sFlt-1 production 
in trophoblast cell lines.

The sFlt-1–VEGF balance exists in multiple organ-
isms, and normally functioning tissues and organs within 
these organisms are very important. For example, sFlt-1 
overexpression was shown to inhibit VEGF, which inhib-
ited corneal blood vessel growth and thus guaranteed the 
maintenance of corneal transparency [29]. Although ani-
mal experiments have been conducted in which exogenous 
VEGF was administered to neutralize excess sFlt-1 [30], 
the mechanism underlying this phenomenon is unknown. 
VEGF-A has two cell membrane receptors, Flt-1 and KDR. 
In addition, a previous study reported that sFlt-1 could 
inhibit the invasive ability of trophoblast cells in vitro [31]. 
Thus, according to previous research and the data in the 
present study, we assume that the up-regulation of sFlt-1 
via VEGF-A is mediated through the VEGF-A/Flt-1 and/or 
VEGF-A/KDR signaling pathways. To support our hypoth-
esis, we administered three VEGF-A receptor inhibitors to 
V-H and V-J cells. Our data showed that sFlt-1 expression 
was significantly decreased, and the migration and invasion 
abilities of V-H and V-J cells were clearly rescued when 
VEGF-A receptors were inhibited by both inhibitors sepa-
rately or in combination.

In summary, although VEGF-A is necessary for nor-
mal placental development, we have shown that elevated 
VEGF-A expression could up-regulate sFlt-1 production and 
weaken the migration and invasion abilities of trophoblast 
cells. Our results also showed that sFlt-1 expression was 
significantly decreased and that the migration and invasion 
abilities of V-H and V-J cells were clearly rescued by VEGF-
A receptor inhibition using inhibitors individually or in com-
bination. Therefore, we inferred that sFlt-1 up-regulation by 
VEGF-A may be mediated by the VEGF/Flt-1 and/or VEGF/
KDR signaling pathways. However, elucidating which path-
way plays this key role requires further investigation.
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