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Abstract: Transformation of the spiral arteries including the displacement of vascular endothelial cells by extravil-
lous trophoblasts is an essential prerequisite to normal placentation. However, the activated endothelial cells re-
sist the invasion of trophoblasts, which contributes to the pathologies of some pregnant disorders. Our previous 
studies have demonstrated that Cyclosporin A (CsA) promotes the migration and invasion of human first-trimester 
trophoblasts. In the present study, we further investigated whether CsA could promote the ability of trophoblasts 
to displace the activated human umbilical vein endothelial cell (HUVEC) monolayers and the possible molecular 
mechanisms. Human choriocarcinoma Jar cells were used as a model of invasive trophoblasts. CsA pretreated JAR 
cells (red) were added to HUVEC monolayers (green) activated with either necrotic JAR cells or tumor necrosis factor 
alpha (TNFα). The ability of JAR cells to displace HUVECs from the monolayers was examined by confocal micros-
copy. The effects of CsA on Titin and E-cadherin expression, matrix metalloproteinases (MMPs) activity and CXCL12 
secretion of JAR cells were evaluated by western blot, gelatin zymography and enzyme-linked immunosorbent assay 
(ELISA), respectively. We found that CsA pretreatment increased the ability of JAR cells to displace activated HUVECs 
from the monolayers. However, the displacement was reduced by untreated JAR cells. Moreover, CsA pretreatment 
up-regulated Titin expression, down-regulated E-cadherin expression, improved MMP2 and MMP9 activity, and in-
creased the CXCL12 secretion in JAR cells. These results indicate that CsA may improve the trophoblast invasion to 
activated HUVEC monolayers through different downstream targets, and ultimately, improve the transformation and 
remodeling of spiral arteries. 
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Introduction

Successful pregnancy highly depends on the 
adequate maternal supply of nutrients and oxy-
gen to support the metabolic demands of the 
growing embryo and fetus. To achieve this 
requirement, the placenta has evolved to trans-
form the uterine spiral arteries into low-resis-
tance, high-volume channels so that a constant 
maternal blood can be supplied, in addition to 
the large area for exchange and the nutrient 
transporter up-regulation [1]. During this arteri-
al remodeling, extravillous trophoblast (EVT) 
cells play an essential role. The EVTs colonize 
the decidua and migrate to the maternal uter-
ine spiral arteries, displace and replace the 
endothelial cells lining the spiral arteries which 

become dilated conduits and incapable of 
maternal vasomotor control, until the end of the 
second trimester [2]. Abnormal spiral arteries 
remodeling characterized by shallow tropho-
blast invasion is associated to the development 
of major placental pathologies such as second 
trimester miscarriage, pre-eclampsia, pre-term 
birth and some cases of fetal growth restriction 
(FGR) [3-6]. These pathologies not only increase 
the risk of morbidity and mortality in pregnancy, 
but also have long term consequences for the 
health of both mother and child [7-9]. Therefore, 
improving the spiral arteries remodeling will 
facilitate normal growth and development of 
the foetus in utero, as well as make potential 
influence on health in later life.
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Cyclosporin A (CsA), also called cyclosporine, is 
a widely used immunosuppressant to suppress 
graft-vs-host response in organ transplant 
rejection. Apart from this, it has also shown 
clinical importance in treatment of some auto-
immune disorders [10]. Interestingly, our initial 
study has shown that administration with low 
dose CsA at the early stage of pregnancy can 
induce the maternal tolerance to the allogeneic 
fetus and improve the pregnancy outcome in 
murine abortion-prone CBA/J×DBA/2 matings 
[11]. The in vitro study has provided evidence 
that CsA at low concentrations can promote the 
migration and invasion of human first-trimester 
trophoblast cells [12, 13]. These results above 
suggest that CsA appears to have favorable 
effect on the maternal-fetal interface, and 
might be developed into a therapeutic interven-
tion for the pregnancy complications related to 
insufficient trophoblastic invasion.

Our previous experiments have also shown that 
the activated endothelial cells resist the inva-
sion of trophoblasts in vitro, which may lead to 
deficient spiral arteries remodeling [14]. So in 
the current study, we firstly used the necrotic 
trophoblasts or endothelial activator TNFα to 
induce the activation of the primary human 
umbilical vein endothelial cells (HUVECs), and 
secondly analyzed whether CsA could promote 
the ability of trophoblasts to displace the acti-
vated endothelial cell monolayers and further-
more investigated the possible molecular 
mechanisms.

Materials and methods

Tissue collection and cell culture

Umbilical cords from normal term placenta 
were obtained with informed consent and the 
approval of the Human Research Ethics 
Committee of Obstetrics and Gynecology 
Hospital, Fudan University. The tissues were 
collected under sterile conditions and trans-
ported to the laboratory on ice in M199 com-
plete medium (2 mM L-glutamine, 25 mM 
HEPES, 100 U/ml penicillin, and 100 μg/ml 
streptomycin; Gibco, NY, USA).

Primary HUVECs were isolated from the fresh 
umbilical cords by a collagenase treatment 
according to the protocol described by Baudin 
[15]. Cells were seeded on gelatin-precoated 
culture plates and cultured in M199 complete 

medium containing 20% (v/v) fetal bovine 
serum (FBS; Gibco, NY, USA), in a 37°C-5% CO2 
humidified incubator. The culture medium was 
changed on the following day to remove the 
non-adherent cells. The cultured cell monolayer 
was monitored by phase-contrast microscopy. 
When reaching confluency, the cells were 
detached using a solution with 0.25% trypsin 
and 0.02% EDTA. In all the following experi-
ments, HUVECs of the second or third passage 
were used. For each experiment, four different 
donor cell samples were used.

The choriocarcinoma JAR cell, one of the human 
trophoblast-like cell lines, was obtained from 
the Cell Bank of Chinese Academy of Sciences 
(Shanghai, China) with the original source being 
the American Type Culture Collection (ATCC). 
Cells were cultured in DMEM/F12 complete 
medium supplemented with 10% FBS and 
maintained in 5% CO2 at 37°C. Cells were 
detached by routine trypsinization every 3 to 4 
days.

Immunocytochemical staining

The isolated HUVECs were grown on BD 
FalconTM culture slide wells and characterized 
after 48 h. The cells were gently washed with 
serum-free culture medium, fixed with metha-
nol and permeabilized with 0.2% Triton X-100. 
After being blocked with 5% BSA in PBS for 30 
min at room temperature, cells were then incu-
bated with Rabbit monoclonal von Willebrand 
factor (anti-vWF, Sigma Aldrich St. Louis, MO, 
USA), mouse monoclonal α-actin antibody 
(Santa Cruz, CA, USA ) or mouse IgG isotypic 
control (Sino-America Co. Ltd, Zhejiang, China) 
overnight at 4 °C. Cells were then washed with 
PBS and further incubated with a peroxidase-
conjugated secondary antibody for 60 min at 
37°C. The slides were stained with DAB, and 
counterstained with hematoxylin. Images were 
observed by using an Olympus BX51 micro-
scope (Tokyo, Japan), and recorded with a high-
resolution DP70 Olympus digital camera.

Induction of cell death

Necrotic death in JAR cells were induced 
through a cycle of freeze/thaw as described 
previously [16]. Briefly, cells were rapidly frozen 
as cell pellets for 2 h at -70°C and then thawed 
at room temperature without washing, and sus-
pended in DMEM/F12 without serum before 
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use. The average percent of necrosis was 
assessed by trypan blue positivity and Dead 
Cell Apoptosis Kit.

Annexin V and PI (propidium iodide) staining

The necrosis percentage of the induced JAR 
cells was analyzed by flow cytometry with the 
Alexa Fluor® 488 annexin V/Dead Cell 
Apoptosis Kit (Molecular Probes, Inc., UK). The 
freshly trypsinized JAR cells and the cells after 
a freeze/thaw cycle were adjusted to the same 
concentration and washed in cold PBS. Then, 
Alexa Fluor® 488 annexin V and PI working 
solution were added into each cell suspension 
for 15 min in the dark at room temperature. 
Control tubes of unstained cells, cells stained 
with PI alone, and cells stained with annexin V 
only were included for setting up the flow cyto-
metric compensation. After staining, apoptotic 
cells show green fluorescence, dead cells show 
red and green fluorescence, and live cells show 
little or no fluorescence.

HUVECs activation assay

HUVECs were seeded into 0.1% gelatin-coated 
6 well culture plates (Costar, USA) and cultured 
until confluent. The cells were then exposed to 
either necrotic JAR cells (8×104 per well) or 
human recombinant TNFα (10 ng/ml; 
Peprotech, USA) for 24 h [17]. To determine 
whether HUVECs became activated after treat-
ment with the above factors, Western blot anal-
ysis was employed to evaluate the expression 
of intercellular adhesion molecule 1 (ICAM-1).

Co-culture of activated endothelial cells with 
trophoblasts

HUVECs were grown onto plastic microscope 
slide coverslips in 6-well plates until confluent 
and then were labeled by 1 μM CMFDA (cell 
tracker green, Molecular Probes, Inc., UK) for 2 
h. HUVECs were then exposed to either necrotic 
JAR cells or TNFα for 24 h. Alive JAR cells were 
labeled with 1 μM CMTPX (cell tracker red, 
Molecular Probes, Inc., UK) and then were 
treated with CsA (1 μg/ml, Sigma Aldrich St. 
Louis, MO, USA) for 24 h. Treated and red fluo-
rescence-labeled JAR cells (2×105 per well) 
were then added to the HUVEC monolayers 
after treatment with the above factors for 
another 24 h. Control cultures consisted of 
non-treated HUVEC monolayers cultured with 

JAR cells. All the cocultures were then washed, 
fixed with 4% paraformaldehyde (PFA) and the 
coverslips were mounted onto glass micro-
scope slides using Citifluor fluorescent mount-
ing medium, and then examined by a Leica 
model TCS SP2 confocal microscopy. The area 
of JAR cell “island” (red) within the HUVEC 
monolayers (green) was then quantified in 10 
fluorescence images per groups using Image J 
software. The invasion index was calculated as 
the JAR cell ‘‘islands’’ area of the treated groups 
to that of the control group.

Western blot analysis

Cells were lysed on ice in RIPA buffer (50 mM 
Tris–HCl, pH 7.4, 150 mM NaCl, 1% NP-40, 10 
mM NaF, 0.25% sodium deoxycholate, 1 mM 
EDTA, 1 mM PMSF and phosphatase inhibitors; 
Roche, USA). The lysates were centrifuged at 
15 000 g for 20 min at 4 °C to get the superna-
tants. Equal amount of total proteins were sep-
arated by 10% SDS-PAGE and transferred onto 
nitrocellulose membranes. After blocking, the 
membrane was probed with specific primary 
mouse monoclonal anti-ICAM-1 (1:1000; 
Abcam, USA), anti-Titin (1:5000; Abcam, USA), 
or anti-E-cadherin (1:5000; BD Biosciences, 
Bedford, MA, USA), and anti-GAPDH (1:1000; 
Santa Cruz, CA, USA) antibodies overnight at 4 
°C, then followed by incubation with HRP-
conjugated secondary antibodies. After exten-
sive washing, proteins of interest were detect-
ed by enhanced chemiluminescence system 
(ECL, Thermo Scientific, UK) and quantified by 
densitometry using Quantity One (Bio-Rad, 
USA).

Gelatin zymography

The enzyme activity of both MMP2 and MMP9 
in the culture media was measured by gelatin 
zymography [18]. Briefly, the conditioned medi-
um was subjected to 10% SDS-PAGE copoly-
merized with 0.1% gelatin (Sigma Aldrich St. 
Louis, MO, USA) under non-reducing conditions. 
After electrophoresis, the gel was rinsed in 
2.5% Triton-X 100 for 1h to remove SDS, and 
then incubated for 36 h at 37 °C in developing 
buffer (50 mM Tris–HCl, pH 7.8, 200 mM NaCl, 
5 mM CaCl2 and 0.02% v/v Brij 35). Thereafter, 
the gel was stained for 1 h with 0.5% w/v 
Coomassie blue R-250 until areas of gelatino-
lytic activity appear as clear white bands over 
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the uniformed blue background. The gel was 
photographed and analyzed by the Odyssey 
Infrared Imaging System (LI-COR Biosciences 
German version of Ltd.). The experiments were 
carried out in triplicate, repeated three times.

Enzyme-linked immunosorbent assay (ELISA)

JAR cells were seeded in a 24-well plate at a 
density of 1×106 cells/ml and treated with 1 
μg/ml CsA for 24 h. Thereafter, the culture 
supernatants were harvested, centrifuged to 
remove cellular debris, and stored at -80°C. 
Human CXCL12 ELISA kit (R&D Systems, 
Abingdon, UK) was used to measure chemo-
kine production in each supernatant according 
to the manufacturer’s instructions. The ELISA 
assay was carried out in duplicate in three sep-
arate experiments.

Statistics

Results are given as mean ± SD. Statistical 
comparisons were performed either by the 
Student’s paired t-test or by one-way analysis of 
variance (ANOVA) followed by a Dunnett test. 
Differences were accepted as statistically sig-
nificant at P<0.05.

Results

Immunocytochemical characterization for 
purity of HUVECs

In the present study, we firstly isolated and 
characterized the purity of primary HUVECs by 
immunocytochemistry. The isolated primary 
cells were almost all positive immunostaining 
for von Willebrand factor (vWF), one of the spe-
cific markers for endothelial cells (Figure 1A), 

Figure 1. Characterization of HUVECs by immunocytochemistry. The isolated human umbilical vein endothelial cells 
(HUVECs) were stained moderately by anti-vWF monoclonal antibody (mAb) (B), and not by anti-α-actin mAb (A). 
Murine IgG served as isotypic control (C). HUVECs at confluency present “cobblestone” morphology in culture (D). 
Magnification: ×200.

Figure 2. HUVECs are activated by necrotic Jar cell bodies. A: Jar cells were rapidly frozen as cell pellets for 2 h at 
-70°C and then thawed at room temperature. The necrosis percentage of the induced Jar cells was analyzed by 
flowcytometry with Annexin V Alexa Fluor® 488 and PI staining. Representative analysis of three independent ex-
periments was presented. L, live cells; A, apoptotic cells; N, necrotic cells. B: HUVECs in 6 well culture plates were 
treated with TNFα (10 ng/ml) or necrotic Jar cells (8×104 per well) for 24 h. The expression of ICAM-1 was assessed 
by western blot analysis. GAPDH was used as a loading control. CTL, control; NC, necrotic Jar cells. Bottom, typical 
blots; top, densitometric analysis, normalized to 1 in control. *P<0.05, versus control.
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and negative with antibodies against α-actin, a 
smooth muscle cell specific marker (Figure 1B). 
Cells were also negative for murine immuno-
globulin (Ig) G which is served as isotypic con-
trol (Figure 1C). The purity of the isolated 

Figure 3. CsA promotes the invasion of Jar cells to the activated HUVEC monolayers. The HUVECs were none treated 
(a & d) or treated with necrotic Jar cell bodies (b & e), TNFα (c & f) for 24 h, then co-cultured with CsA-untreated 
(a-c) or CsA-pretreated Jar cells (d-f) for another 24 h. A: Representative confocal images showing cell ‘‘islands’’ of 
CMTPX (cell tracker red)-labeled Jar cells which have displaced CMFDA (cell tracker green)-labeled HUVECs from 
monolayers. B: The invasion index was calculated as the Jar cell ‘‘islands’’ area (red fluorescence) of treated groups 
to that of the control group (a). **P<0.01, b versus a, c versus a; #P<0.05, d versus a, e versus b, f versus c.

HUVECs was more than 98%. When reaching 
confluency, the monolayers of isolated endo-
thelial cells exhibit the characteristic “cobble-
stone appearance” under phase-contrast 
microscopy (Figure 1D).
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The role of necrotic trophoblasts on HUVECs 
activation

To determine whether HUVECs became activat-
ed following treatment with the necrotic tropho-
blasts, a cycle of freeze/thaw was used to 
induce the necrosis of JAR cells. The average 
percent necrosis assessed by trypan blue posi-
tivity was 92.9±1.7%. Staining with Alexa 
Fluor® 488 Annexin V and PI revealed that 
95.8±1.4% of JAR cells after induction were 
positive for both (Figure 2A). These data indi-
cate that sufficient necrotic JAR cells can be 
induced by this method. We then analyzed the 
expression of ICAM-1 to evaluate the activation 

Figure 4. Effect of CsA on expression of the invasion-related 
factors of Jar cells. Jar cells were treated with CsA in sup-
plemented DMEM/F12 for 24 h. A: Total cell lysates were 
subjected to western blot analysis for Titin and E-cadherin 
(E-cad) expression. GAPDH was used as a loading control. 
Left, typical blots; right, densitometric analysis, normalized 
to 1 in control. B: The supernatants from the above treat-
ment were collected and subjected to gelatin zymography 
for MMP2 and MMP9 activity. Left, typical blots; right, den-
sitometric analysis, normalized to 1 in control. C: The super-
natants from the above treatment were subjected to ELISA 
for CXCL12 secretion. Data shown are representative of 
three independent experiments. **P<0.01, versus control. 

of HUVECs by Western blot. TNFα which is one 
of the well known activators of endothelial cells 
was also included in our system. Our data dem-
onstrated that the ICAM-1 expression in 
HUVECs increased significantly after treatment 
with necrotic JAR cells or TNFα for 24 h (Figure 
2B), indicating that HUVECs can be activated by 
necrotic JAR cells induced in our study.

The effect of CsA on the invasion of activated 
HUVEC monolayers by JAR cells

To test the effect of CsA on human trophoblast 
cell invasion to activated HUVEC monolayers, 
we co-cultured CMTPX (cell tracker red)-labeled 
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JAR cells with CMFDA (cell tracker green)-
labeled HUVEC monolayers for 24 h. The confo-
cal fluorescence images demonstrated that 
CsA pretreatment increased the displacement 
of JAR cells to resting HUVECs. However, less 
HUVECs were displaced from the monolayers 
by JAR cells when HUVECs were activated by 
TNFα or necrotic JAR cells than the inactivated 
control monolayers. After pretreatment of JAR 
cells with CsA for 24 h, the co-culture results 
showed that more of the activated endothelial 
cells were displaced from the monolayers by 
CsA-pretreated JAR cells in comparison to 
untreated cells (Figure 3A).

Quantification analysis of the JAR cell ‘‘islands’’ 
area (red fluorescence) that have displaced 
green fluorescence-labeled HUVECs from 
monolayers indicated that activated HUVECs 
restricted the invasion by JAR cells, and CsA 
pretreatment could significant enhance the 
invasion of JAR cells to the normal or activated 
HUVEC monolayers. When HUVECs were acti-
vated by TNFα or necrotic JAR cells, the inva-
sion index of untreated JAR cells was 
(0.504±0.036 ) and (0.629±0.040) as com-
pared to the control. After CsA pretreatment, 
the invasion index to the activated HUVEC 
monolayers increased to (0.732±0.075) and 
(0.865±0.067), respectively (Figure 3B).

The effect of CsA on expression of the inva-
sion-related factors of JAR cells

To better understand the role of CsA enhance-
ment of trophoblast invasion to the HUVECs, we 
analyzed the effect of CsA on expression of the 
invasion-related factors of JAR cells. The west-
ern blot results showed that CsA could signifi-
cantly up-regulate the expression of Titin, a 
giant protein responsible for the elasticity and 
extensibility of the sarcomere, as well as down-
regulate the expression of E-cadherin, one of 
the invasion suppressors (Figure 4A). The gela-
tin zymography analysis displayed that the 
enzyme activity of MMP2 and MMP9 was 
improved after CsA treatment (Figure 4B). Both 
MMP2 and MMP9 exert their proteolytic activi-
ty through secretion into the extracellular 
matrix. The ELISA results demonstrated that 
CsA induced nearly a 2-fold increase in the 
CXCL12 level in the supernatant of JAR cells 
(Figure 4C).

Discussion

CsA is a most common and powerful immuno-
suppressive drug that has a major impact on 
improving patient outcome following organ 
transplantation. It is known to act by binding to 
a cytoplasmic protein, cyclophilin in lympho-
cytes, articularly in T-lymphocytes, that ulti-
mately inhibits IL-2 production, leading to an 
impairment in effector T-cell functioning [19]. In 
addition to its immunosuppressive effects on 
T-cells, CsA could modulate the biological 
behaviors of different kinds of carcinoma cells. 
It has been reported that CsA treatment of ade-
nocarcinoma cells results in striking morpho-
logical alterations, including membrane ruffling 
and numerous pseudopodial protrusions, 
increased cell motility, and anchorage-indepen-
dent growth [20]. Similarly, Walsh SB et al have 
demonstrated that CsA directly alters the phe-
notype of cutaneous squamous cell carcino-
mas to an invasive and aggressive tumor-type 
by enhancing expression of proteins regulating 
epithelial-mesenchymal transition (EMT) [21].

Trophoblast invasion and displacement of vas-
cular endothelial cells were very important for 
remodeling of spiral arteries. Inadequate tro-
phoblast invasion is believed to result in the 
pathogenesis of various major pregnancy-asso-
ciate disorders. Our previous studies have dem-
onstrated that CsA promotes the migration and 
invasion of human first-trimester trophoblast 
cells, and improves the outcome of murine 
pregnancy [11-13]. These findings suggest that 
CsA may help to improve the JAR invasion to 
vascular endothelial cells and contribute to 
transform the spiral arteries and establish the 
sufficient artery remodeling.

Our previous study also observed that the acti-
vated endothelial cells resist the invasion of 
trophoblasts in vitro, which may lead to defi-
cient spiral arteries remodeling [14]. Therefore, 
we dedicated to investigate whether CsA could 
promote the ability of trophoblasts to displace 
the activated endothelial cell monolayers. In 
the present study we have demonstrated that 
the necrotic trophoblasts can activate the pri-
mary HUVECs similar with TNFα, one of the 
cytokines increased at the maternal-fetal inter-
face in preeclampsia [22], and that the HUVECs 
activated in this manner resists the displace-
ment by trophoblast. These results raise the 
possibility that increased necrotic trophoblast 
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cell cellular debris in the spiral arteries could 
limit trophoblast invasion. Our data have also 
shown that more of the normal or activated 
endothelial cells are displaced from the mono-
layers by CsA-pretreated trophoblasts in com-
parison to CsA-untreated cells, suggesting that 
CsA pretreatment could significantly enhance 
the invasion of trophoblast cells to the normal 
or activated HUVEC monolayers.

Factors that are involved in the human tropho-
blast invasion at the maternal-fetal interface 
include growth factors, cell adhesion mole-
cules, cytokines, hormones, endocrine factors, 
oxygen concentrations and hemodynamics [23-
25]. This complex interplay acts both temporal-
ly and spatially to get appropriate invasion of 
trophoblasts. Titin, is a giant protein that func-
tions as a molecular spring which is responsible 
for the elasticity and extensibility of the sarco-
mere. Recent study has demonstrated that 
Titin mutation defines roles for angiogenic 
remodelling and vascular morphogenesis by 
affecting endothelial morphogenesis [26]. Our 
results have shown that CsA significantly up-
regulates Titin expression in JAR cells. 
Therefore, the CsA-induced Titin expression 
may contribute to trophoblast migration and 
invasion through altering elasticity and extensi-
bility, and remodeling the maternal vascular 
system. E-cadherin is required for the mainte-
nance of stable adherent junctions and acts as 
an invasion suppressor [27]. Evidence is emerg-
ing that E-cadherin may act as a key regulator 
of trophoblast migration and invasion [28, 29]. 
Our findings have indicated that CsA also down-
regulates E-cadherin expression in JAR cells, 
suggesting that CsA may help to lose cell adhe-
sive properties mediated by E-cadherin and 
enhance the migration and invasion of tropho-
blasts. Cell invasion is facilitated by degrada-
tion of the extracellular matrix of the microenvi-
ronment by various proteinases, including the 
MMPs. Among members of MMP family, MMP2 
and MMP9 are high expressed in trophoblasts 
and critical for trophoblast invasion [30]. Our 
gelatin zymography analysis has displayed that 
CsA increases the enzyme activity of MMP2 
and MMP9 in JAR cells, which may be favorable 
to the degradation of ECM and improvement of 
trophoblast invasion. CXCL12 is a unique che-
mokine playing various biological functions 
together with its receptor CXCR4. Our previous 
studies have shown that first-trimester human 
trophoblasts secrete CXCL12 that can promote 

cell proliferation and invasion in an autocrine 
manner [31]. It has also been reported that 
CXCL12 induces gene expression of early 
growth response-1 (Egr-1) and vascular endo-
thelial growth factor (VEGF), and enhances 
VEGF-induced cell proliferation in human arte-
rial endothelial cells [32]. Our ELISA results 
have demonstrated that CsA induced a signifi-
cant increase in CXCL12 secretion, which may 
play a role in promotion of trophoblast invasion 
and angiogenesis during embryo implantation.

In summary, we have confirmed that the prima-
ry HUVECs activated by the necrotic tropho-
blasts restrict the displacement by trophoblast 
and CsA pretreatment enhances the invasion 
of trophoblasts to resting or activated HUVEC 
monolayers. Our experiments further demon-
strated that CsA may improve the trophoblast 
invasion and spiral arteries remodeling through 
regulating the expression of Titin, E-cadherin, 
MMP2, MMP9 and CXCL12. Although the effect 
of CsA on HUVECs is not included here, the 
results above suggest that CsA appears to have 
favorable effect on sufficient trophoblast inva-
sion and on adequate remodeling of the spiral 
arteries during placental development. Our 
study provides some useful insights to the 
treatment of miscarriage, preeclampsia, and 
other pregnancy-related diseases resulting 
from deficient trophoblast invasion.
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