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Abstract: Notch signaling pathway is essential for the migration and invasion of trophoblast cells. However, limited 
attention has been directed towards the contribution of Notch-1 to the viability and angiogenesis of trophoblast cells 
during early spontaneous abortion (ESA). This study aimed to explore the effects of Notch-1 on the proliferation, 
apoptosis, and angiogenesis of trophoblast cells in vivo and in vitro. 30 cases of villi tissues from ESA patients and 
30 cases from induced abortion patients as healthy control were collected. HE staining analysis detected an obvi-
ous decline of trophoblast cells in the villi of patients with ESA. The significantly decreased expressions of VEGF, 
VEGFR1 and Notch-1 along with the notably elevated expressions of VEGFR2 and DLL4 were observed in the villi 
of ESA patients compared with induced abortion patients (P < 0.05), as evidenced by Real-time PCR, western blot 
and immunohistochemical assay. Further MTT assay demonstrated that the growth of cultured trophoblast cells 
was appeared to be reduced in a dose-dependent manner after inhibiting the expression of Notch-1 by DAPT (P < 
0.001). Flow cytometry analysis showed that DAPT dose-dependently enhanced the apoptosis of trophoblast cells 
(P < 0.01). Suppressed Notch-1 activity also resulted in the downregulation of VEGFR1 and upregulation of VEGFR2 
in trophoblast cells (P < 0.001). Overall, our data indicated that downregulating Notch-1-induced cytostatic and anti-
angiogenic effects was mediated by the inhibited proliferation, increased apoptosis and disrupted intrinsic VEGF/
VEGFRs balances in trophoblast cells, which is closely associated with ESA. Therefore, Notch-1 may be further as-
sessed as a potential target for the treatment of ESA.
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Introduction

Approximately 20% of pregnant women are 
complicated by bleeding before 20 weeks’ ges-
tation, and almost half of these pregnancies 
will end in spontaneous abortion (SAB) [1]. 
Early spontaneous abortion (ESA) occurs in the 
first 12 weeks of gestation accounting for 80% 
of all SABs with multiple etiologic factors and 
not entirely clear pathogenesis [2]. Human pla-
centa derives from the proliferation and differ-
entiation of extra-embryonic trophoblast cells. 
The differentiated extravillous trophoblast 
(EVT) cells on placenta could not only prolifer-
ate into cell columns, migrate and invade into 
decidualized endometrium but also could 
migrate into the maternal vasculature to 
acquire an endothelial-like phenotype and 

replace the endothelial cells lining the vessels 
to establish a proper exchange of important 
molecules between the maternal and fetal cir-
culations [3, 4]. Inadequate invasion and abnor-
mal vasculogenesis or angiogenesis are consid-
ered as key reasons of ESA. Hence, finding the 
key mediators or pathways involved in above 
process are crucial for revealing the pathogen-
esis of ESA and developing novel therapeutic 
methods. 

Notch signaling is an evolutionarily conserved 
pathway involved in a broad range of cellular 
processes including proliferation, differentia-
tion, migration, invasion, and apoptosis. Mam- 
malian Notch signaling pathway contains four 
Notch receptors (Notch 1-4) and five Notch 
ligands (Delta1, Delta3, Delta4, Jagged1 and 
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Jagged2) [5, 6]. The interaction of Notch recep-
tors and ligands between neighbor cells acti-
vates Notch signaling pathway [7, 8]. 
Accumulated evidences demonstrated that 
Notch signaling pathway was necessary for the 
development of placenta. Clinical researches 
reported that Notch-1 was upregulated by 
human chorionic gonadotropin (hCG) in combi-
nation with estrogen and progesterone [9, 10], 
then the expression of Notch-1 was decreased 
slightly from the first to the third trimester of 
gestation in cytotrophoblast and syncytiotro-
phoblast [11]. Targeted disruption or knockout 
of Notch-1 in mice resulted in embryonic lethal-
ity with severe somatic and neural defects, 
accompany with profound vascular defects in 
placenta, yolk sac, and embryo [12-16]. In vitro 
studies as Hunkapiller et al. and Yu et al. point-
ed out that inhibition of Notch-1 or Notch-2 sig-
nificantly reduced the migration and invasion of 
trophoblast cells [17, 18]. However, little is 
known about the roles of Notch-1 in the prolif-
eration, apoptosis and angiogenesis in tropho-
blast cells during ESA.

In the present study, HE staining, Real-time 
PCR, western blot and immunohistochemical 
research on villi tissues from 30 ESA patients 
and 30 induced abortion patients were per-
formed to observe pathological changes and 
the expressions of VEGF, VEGFR1, VEGFR2, 
Notch-1 and DLL4. Then trophoblast cells were 
incubated with different concentrations of 
DAPT for different intervals to investigate the 
effect of Notch-1 on proliferation, apoptosis 
and VEGFRs expressions. Our results found the 
downregulation of VEGF, VEGFR1 and Notch-1 
and upregulation of VEGFR2 and DLL4 in the 
villi of patients with ESA. Inhibiting the activity 
of Notch-1 by DAPT suppressed proliferation, 
enhanced apoptosis and decreased the expres-
sion of VEGFR1 and VEGFR2.

Materials and methods 

Patients

We studied ESA villi tissues from 30 female 
patients who underwent early vacuum aspira-

tion abortion during the first trimester of gesta-
tion between September 2010 and March 
2011 at Reproductive Hospital Affiliated to 
Shandong University, Shandong, China. The 
median age of all patients was 29.13 ± 3.89 
years and patients were recruited according to 
the following conditions: patients with positive 
HCG index in urine exhibited a serious of symp-
toms such as vaginal bleeding, abdominal pain, 
pregnancy and blockage; with or without fetal 
heart beat (FHB) in gestation sac through B 
ultrasonic examination; none of the patients 
suffered from chromosome abnormality, repro-
ductive system abnormalities, endocrine abnor-
malities, trauma, infection or received any 
drugs.

A total of 30 induced abortion villi tissues from 
healthy females who underwent early vacuum 
aspiration abortion during the first trimester of 
gestation between September 2010 and March 
2011 at Qianfo Hill Institute of Shandong 
Province, Jinan, China were taken as healthy 
control. The median age of all patients was 
28.56 ± 4.07 years and patients were recruited 
according to the following conditions: patients 
with positive HCG index in urine without threat-
ened abortion symptoms such as abdominal 
pain or vaginal bleeding; each embryo was 
grew normally in uterus with healthy FHB 
through B ultrasonic examination; none of the 
patients had suffered from abnormal pregnan-
cy history like SAB, premature birth, dystocia, 
stillbirth. The general features of above patients 
were listed in Table 1.

For in vitro trophoblast cells experiments, a 
total of 10 induced abortion patients during 
6-8 weeks of gestation without pregnancy com-
plications. The patients (median age 25.2 ± 1.3 
years; range 20-30 years) underwent early vac-
uum aspiration abortion at our institutions from 
September 2010 to March 2011.

All the participants had agreed to participate in 
the study and signed informed consents. All tis-
sue specimens were obtained with permission 

Table 1. Clinical characteristic comparisons between patients with induced abortion and spontane-
ous abortion 
Group n Age (years) Pregnant (times) Parity (times) Menelipsis (days)
Induced abortion 30 28.56 ± 4.07 2.16 ± 0.52 0.73 ± 0.09 55.45 ± 4.28
Spontaneous abortion 30 29.13 ± 3.89 1.75 ± 0.43 0.67 ± 0.21 51.08 ± 3.79
P - 0.865 0.378 0.694 0.763
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from the Medical Ethics Committee of Re- 
productive Hospital Affiliated to Shandong 
University.

Hematoxylin-eosin staining 

Villi were fixed in 10% formaldehyde for 24-36 h 
followed by washing with phosphate buffered 
saline (PBS, pH 7.2-7.4) and dehydrating 
through a graded ethanol series (70% for 2 h, 
80% overnight, 90% for 2 h and 100% for 2 h). 
Then the tissues were post-fixed into dimethyl-
benzene for 30 min and kept in dimethylben-
zene-paraffin for 2 h at 60°C before embedded 
in metal frames. Sections (4 µm) were subse-
quently cut and placed onto slides and dried in 
a 70°C chamber for 40 min. Sections were 
dewaxed by ethanol and soaked into PBS for 
the following HE staining and immunohisto-
chemical analysis. 

The sections were soaked at room temperate in 
sequence with hematoxylin (Solarbio, Beijing, 
China) for 5-8 min, ddH2O for 5 min, and 1% 
hydrochloric ethanol for 3 s, followed by rinsed 
with ddH2O for 20 min. After staining with 1% 
eosin for 5 min, the sections were dehydrated 
through a graded ethanol series (75%, 95%, 
95%, and 100%) for 5 min respectively and per-
meabilized twice with dimethylbenzene for 10 
min. Then sections were mounted with neutral 
gum and observed under a microscope 
(Olympus, Tokyo, Japan) and photographed.

Immunohistochemical analysis

Immunohistochemical analysis was preformed 
with a PV-9001 Polink-2 plus® Polymer HRP 
Detection System (ZSGB-Bio, Beijing, China) 
following the manufacturer instructions. Briefly, 
endogenous peroxidase was blocked by metha-
nol containing 3% H2O2 for 15 min, and then 
sections were washed with ddH2O for three 
times and retrieved by 0.01 M citric acid buffer 
(pH 6.0) microwave antigen retrieval at 90°C 
for 10 min. After blocking with normal goat 
serum at 37°C for 20 min, sample sections 
were incubated with primary antibodies against 
VEGF (1:125 diluted, Beyotime, Haimen, China), 
VEGFR1, VEGFR2 (1:250 diluted), Notch-1 and 
DLL4 (1:50 diluted, Abcam, Cambridge, MA, 
USA) overnight at 4°C followed by incubation 
with Polymer Helper at 37°C for 20 min and 
washing with PBS for three times. The sections 
were incubated with a secondary anti-rabbit 

IgG-HRP antibody at 37°C for 20 min. Diamino- 
benzidine (DAB) was used as the chromogen, 
and nuclei were stained with hematoxylin. Then 
sections were mounted with neutral gum and 
observed under a microscope (Olympus, Tokyo, 
Japan).

Trophoblast cell isolation and culture

Villi were removed and the blood clots and 
embryolemma were shaved completely. Then 
the villi were cut and digested by 0.25% trypsin 
for 5 min at 37°C. After being centrifuged, cells 
were resuspended and grown in AmnioMAX-II 
(Gibco, Grand Island, NY, USA) supplemented 
with gentamycin (20 U/mL) at 37°C in a humidi-
fied atmosphere containing 5% CO2. The sus-
pension was decanted and replaced with fresh 
medium every 2 to 3 days. When reached 80% 
confluences, cells were digested for subse-
quent experiments. 

Drug treatment

DAPT (Enzo Life Sciences, Switzerland) was dis-
solved in dimethyl sulfoxide (DMSO). When 
reached to 80% confluences, trophoblast cells 
were exposed to various concentrations of 
DAPT (0, 25, 50 μM) for 72 h for subsequent 
experiments, and 0 μM DAPT treatment was 
used as control. For MTT expression, cells were 
incubated with the gradient increased concen-
tration of DAPT (0, 6.25, 12.5, 25, 50, 100 μM) 
for 24 h, 48 h, and 72 h respectively. 

Western blot

Total proteins were extracted by lysing the 100 
mg villi tissues or trophoblast cells with RIPA 
lysate (Beyotime) containing 1% phenylmeth-
anesulfonyl fluoride (PMSF, Beyotime). All pro-
tein concentrations were detected using a 
bicinchoninic acid (BCA) protein assay kit 
(Beyotime). 40 μg proteins in each sample were 
loaded and separated using SDS-polyacry- 
lamide gel electrophoresis (PAGE) and electro-
transferred onto polyvinylidene fluoride (PVDF) 
membranes (Millipore, Bedford, MA, USA). After 
being blocked with 5% non-fat milk for 1 h, the 
blots were probed with primary antibodies 
against VEGF (1:500 dilution, Beyotime), 
VEGFR1, VEGFR2 (both 1:5000 diluted, 
Abcam), Notch-1 (1:2000 diluted, Abcam) and 
DLL4 (1:1250 diluted, Abcam) at 4°C overnight. 
The blots were then incubated with goat anti-
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Figure 1. The decreased trophoblast cells and imbalanced VEGF/VEGFRs expressions in villi tissues. A. Detection 
on pathological variations of villus tissues by HE staining, and representative examples of images are shown. The 
cytoplasm of trophoblast cells in induced abortion patients is appeared to be uniform purple and the nuclei was in-
tegral (left). Decreased trophoblast cells accompanied by chromatic agglutination and karyopyknosis existed in the 
spontaneous abortion villi (right). Magnification 100 × for all panels. B. Real time (RT)-PCR analysis was employed to 
examine mRNA expression levels of VEGF, VEGFR1 and VEGFR2 in villi tissues; *P < 0.05 compared with induced. 
C. Western blot was performed to detect protein expression levels of VEGF, VEGFR1 and VEGFR2 in villi tissues, and 
representative photographs are shown. β-actin was served as an internal control. *P < 0.05, **P < 0.01 compared 
with induced. D. Representative photomicrographs selected from paraffin-embedded sections of villi tissues which 
were stained with antibody to VEGF, VEGFR1 or VEGFR2. Nuclei stained by hematoxylin were observed to be bluish 
violet. The yellow, claybank particles in cytoplasm were target proteins. Magnification 100 × for all panels. The above 
results were repeated three times, and data are presented as mean ± SD. 
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rabbit IgG-HRP (1:1000 diluted, Beyotime) for 
45 min at 37°C. Unbound antibodies in each 
step were washed four times with TBST. An 
enhanced chemiluminescence (ECL, Amer- 
sham, Piscataway, USA) detection method was 
employed to visualize the positive bands, and 
relative band intensities were measured by Gel-
Pro-Analyzer software (Bethesda, MD, USA). 
β-actin was served as an internal control.

Real-time PCR

Total RNA from 100 mg villi tissues was extract-
ed through the Trizol reagent (TAKARA, Dalian, 
China) completely following the manufacturer 
instructions and reverse-transcribed into  
cDNA. 2 μl cDNA was amplified with 9 μl SYBR 
GREEN master mix (Solarbio, Beijing, China), 
ddH2O and 0.2 μl primers in an ExicyclerTM 96 
(Bioneer, Daejeon, Korea) with following cycling 
profile: initial denaturation at 95°C for 5 min, 
40 cycles consisting of 94°C for 30 s, 60°C for 
20 s, and 72°C for 35 s. Primer sequences 
were: VEGF, 5’-GAGCCTTGCCTTGCTGCTCTAC-3’ 
(Forward) and 5’-CACCAGGGTCTCGATTGGA- 
TG-3’ (Reverser); VEGFR1, 5’-CGACAG-GATGC- 
AGAAGGAG-3’ (Forward) and 5’-ACATCTGCTG- 
GAAGGTGGA-3’ (Reverser); VEGFR2, 5’-AGCCA- 
GCTCTGGATTTGTGGA-3’ (Forward) and 5’-CAT- 
GCCCTTAGCCACTT-GGAA-3’ (Reverser); Notch-
1, 5’-TCAGCGGGATCCACTGTGAG-3’ (Forward) 
and 5’-ACACAGGCAGGTGAACGAGTTG-3’ (Rever- 
ser); DLL4, 5’-GCAGCAAGCCAGCAGAGTG-3’ 
(Forward) and 5’-CCAGCCCTCATCACAAGTACAT- 
3’ (Reverser); β-actin, 5’-CGACAGG-ATGCAGAAG- 
GAG-3’ (Forward) and 5’-ACATCTGCTGGAAGG- 
TGGA-3’ (Reverser). Relative mRNA expression 
levels were calculated by 2-ΔΔCT method. β-actin 
was used as an internal control.

MTT assay

Trophoblast cells were plated in 96-well plates 
at a density of 5 × 103 per well and cultured in 
a 37°C, 5% CO2 incubator overnight. Cells were 
then exposed to DAPT at an ascending concen-
tration range (6.25, 12.5, 25, 50, 100 μM) for 
indicated time, with five replicates for each 
testing point including the untreated controls 
and blank wells. Thereafter, cells in each well 
were exposed to 10 μl MTT (5 mg/mL, Sangon 
Biotech, Shanghai, China) for 4 h followed by 
incubation with 150 μl DMSO for 10 min to dis-
solve the dark blue crystals before reading the 
optical density (OD) at 490 nm in Multiscan MS 

microplate reader (Thermo Labsystems, Hel- 
sinki, Finland).

Flow cytometry analysis

Cell apoptosis analysis was carried out with the 
Annexin V-FITC/PI apoptosis detection kit 
(KeyGen Biotech, Nanjing, China) strictly accor- 
ding to the manufacturer protocols. In brief, the 
collected cells were resuspended in 500 μl 
binding buffer containing 5 μl PI and 5 μl Anne- 
xin V-FITC. Thereafter, the mixture was incubat-
ed for 15 min in the dark at room temperature. 
Cell apoptosis was detected immediately by 
flow cytometry and analyzed by CellQuest 
software.

Statistical analysis

Statistical analysis was performed with SPSS 
19.0 software. All values in repeated experi-
ments are reported as mean ± standard devia-
tion (SD), and the differences between groups 
were calculated using one-way analysis of vari-
ance (ANOVA). P < 0.05 was considered to be 
statistically significant.

Results

Decreased trophoblast cells and imbalanced 
VEGF/VEGFRs expression in villi tissues

There were no significant differences in age, 
pregnant times, parity, and menelipsis between 
induced abortion and ESA patients (Table 1).

We first conducted HE staining assay to explore 
the pathological changes in patients with ESA. 
As shown in Figure 1A, compared with induced 
abortion, the number of trophoblast cells was 
obviously decreased, accompanied by chro-
matic agglutination and karyopyknosis in the 
ESA villi.

Next, we carried out RT-PCR, western blot and 
immunohistochemistry to evaluate the expres-
sion of VEGF, VEGFR1 and VEGFR2 in the villi of 
patients with ESA. The mRNA levels of VEGF 
and VEGFR1 in ESA villi tissues were 1.42-fold 
and 1.85-fold lower than those in the respec-
tive induced abortion tissues (Figure 1B, P < 
0.05). The protein levels of VEGF and VEGFR1 
in ESA villi tissues were 2.27-fold and 1.59-fold 
lower than those in the respective induced 
abortion tissues (Figure 1C, P < 0.05). 
Meanwhile, the mRNA and protein levels of 



Downregulated Notch-1 mediate cytostatic and anti-angiogenic effects in trophoblast cells

7260 Int J Clin Exp Pathol 2016;9(7):7255-7265

VEGFR2 in ESA villi tissues were 1.52-fold and 
1.41-fold higher respectively than those in 
induced abortion tissues (Figure 1B, 1C, P < 
0.05). Furthermore, we observed slightly 
stained VEGF, VEGFR1 in ESA villous tropho-
blast cells and VEGFR2 in induced aborted tro-
phoblast cells. The dispersed stained VEGF, 
VEGFR1 in induced aborted trophoblast cells 
and VEGFR2 in ESA villous trophoblast cells 
were identified simultaneously, which was con-
sistent with the results from RT-PCR and west-
ern blot. Taken together, the risk of ESA was 
raised along with the decreased trophoblast 
cells and imbalanced VEGF/VEGFRs expres-
sions in the villi. 

Inhibition of Notch-1 pathway in ESA villi

We employed RT-PCR, western blot and immu-
nohistochemistry to investigate the alteration 

of Notch-1 and DLL4 expression in early spon-
taneous aborted villi. The results showed that 
the expression of Notch-1 at protein and mRNA 
levels was declined significantly by 1.59-fold 
and 2.7-fold respectively in the villi of patients 
with ESA compared with patients with induced 
abortion (Figure 2A, 2B, P < 0.05). Meanwhile, 
the expression of DLL4 at protein and mRNA 
levels was increased notably by 1.91-fold and 
2.3-fold respectively in the villi of patients with 
ESA compared with patients with induced abor-
tion (Figure 2A, 2B, P < 0.01). Similarly, we 
detected dispersed expression of immunohis-
tochemical Notch-1 and slight expression of 
immunohistochemical DLL4 in villous tropho-
blast cells from induced abortion patients. On 
the contrary, the faintly stained Notch-1 and 
prominently stained DLL4 were discovered in 
ESA villous trophoblast cells (Figure 2C). The 

Figure 2. Inhibition of Notch-1 pathway in spontaneous abortion villi. A. The protein expression levels of Notch-1 
and DLL4 in villi tissues were analyzed by western blot and normalized to β-actin. The villi of patients with induced 
abortion were used as control, and the typical blots are shown; *P < 0.05, **P < 0.01 compared with induced. B. 
RT-PCR analysis of Notch-1 and DLL4 mRNA expression levels. **P < 0.01 compared with induced. C. Represen-
tative photographs selected from paraffin-embedded sections of villi tissues which were stained with antibody to 
Notch-1 and DLL4. Nuclei stained by hematoxylin were observed to be bluish violet. The yellow, claybank particles 
in cytoplasm were target proteins. Magnification, 100 ×. Experiments were done in triplicates, and values are ex-
pressed as mean ± SD.
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above results demonstrated that Notch-1 path-
way was inhibited in trophoblast cells of spon-
taneous aborted villi.

Notch-1 pathway regulates the proliferation, 
apoptosis and expression of VEGFRs in tropho-
blast cells

To confirm the effect of Notch-1 on the prolifer-
ation, apoptosis and angiogenesis in tropho-

blast cells, we inhibited the expression of 
Notch-1 through different concentrations of 
DAPT treatment in cultured trophoblast cells, 
and then MTT assay, flow cytometry and west-
ern blot were used to examine the proliferation, 
apoptosis and VEGFRs expressions of tropho-
blast cells. The proliferation of trophoblast cells 
was inhibited notably upon 50 μM and 100 μM 
DAPT treatments for 48 h compared with non-

Figure 3. Notch-1 pathway regulates the proliferation, apoptosis and expression of VEGFRs in trophoblast cells. (A) 
Trophoblast cells were seeded in 96-well plates and incubated with the gradient increased of DAPT (0, 6.25, 12.5, 
25, 50, 100 μM) for indicated times with five replicates in each testing point, followed by MTT assay to evaluate cell 
viability. ###P < 0.001 compared with 0 μM DAPT treatment for 48 h; ***P < 0.001 compared with 0 μM DAPT treat-
ment for 72 h. (B) Quantified data of cell apoptosis from flow cytometer. **P < 0.01, ***P < 0.001 compared with 0 
μM DAPT treatment. (C) Trophoblast cells were pretreated with different concentrations of DAPT for 72 h, followed by 
stained with Annexin V-FITC and propidium iodide before cell apoptosis examination using flow cytometer. A series 
of representative illustrations of cell distributions are shown. The cells are characterized as early apoptotic (bot-
tom right quadrant), late apoptotic (top right quadrant), necrotic (top left quadrant), and healthy cells (bottom left 
quadrant). (D) Representative blots on the protein levels of VEGFR1 and VEGFR2 in trophoblast cells with different 
concentrations of DAPT treatment for 72 h. Corresponding densitometric analysis on the protein levels of VEGFR1 
(E) and VEGFR2 (F); ***P < 0.001 compared with 0 μM DAPT treatment. The above results are given as mean ± SD, 
and the error bars represent the SD from three independent experiments.
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DAPT treatment cells (Figure 3A, P < 0.001), 
and cell viability exhibited significant dose-
dependent inhibitions after an increased con-
centration of DAPT-treated for 72 h (P < 0.001). 
The inhibitory rate was raised sharply from 25 
μM to 50 μM DAPT treatment, so we chose 
these two concentrations for subsequent 
experiment. Flow cytometry results showed 
that DAPT enhanced the total apoptosis rate in 
a dose-dependent manner (Figure 3B, 3C, P < 
0.01), and the total apoptosis rate was stimu-
lated by 6.9-fold at 50 μM DAPT treatment 
compared with non-DAPT treatment cells (P < 
0.001). In addition, the expression of VEGFR1 
was declined significantly after DAPT treatment 
along with the remarkably elevated VEGFR2 
expression compared with non-DAPT treatment 
trophoblast cells (Figure 3D, 3E, P < 0.001). 
The above data revealed that inhibition of 
Notch-1 could suppress the proliferation, 
enhance apoptosis, downregulate VEGFR1 
expression and upregulate VEGFR2 expression 
in trophoblast cells, indicating that the cyto-
static and anti-angiogenic effects of Notch-1 in 
trophoblast cells.

Discussion

Previous studies pointed out that Notch signal-
ing pathway contributed to mammalian embryo-
genesis and vascular development by promot-
ing invasion of trophoblast cells and regulating 
VEGF expression in decidua [19]. However, the 
effects of Notch-1 on the survival and angio-
genesis of trophoblast cells in patients with 
ESA have not been fully understood. In our 
experiments, we analyzed the roles of Notch-1 
in pathologic process of ESA in vivo and in vitro. 
We found that downregulation of Notch-1 
caused cytostatic and anti-angiogenic effects 
in trophoblast cells, which was induced by the 
inhibition of proliferation, enhancement of 
apoptosis and disruption of intrinsic VEGF/
VEGFRs balances.

Vascular endothelial growth factor (VEGF) is a 
homodimeric glycoprotein responsible for regu-
lating the proliferation and differentiation of 
endothelial cells and enhancing vascular per-
meability [20, 21]. In the pregnant uterus, VEGF 
is primary produced by deciduas, whereas 
immunoreactive VEGF is also widely localized in 
the villous cytotrophoblast and syncytiotropho-
blast layers of the placenta. Prior studies 
detected an increased expression of VEGF from 

the first to third trimester of the gestation. 
Women suffering from unexplained recurrent 
spontaneous abortion (URSA) was character-
ized by the reduction of VEGF expression in 
chorionic villi and endometrium samples [22, 
23], which was consistent with our result that 
VEGF level was decreased notably in the villi of 
patients with ESA. In addition, the biological 
effects of VEGF are mediated by two receptors, 
chorionic vascular endothelium and tropho-
blast cells expressed VEGFR1 (VEGF recep-
tor-1, fms-like tyrosine kinase, Flt-1) as well as 
placenta and deciduas distributed VEGFR2 
(VEGF receptor-2, kinase insert domain-con-
taining receptor, KDR), in which VEGFR2 has 
largely been regarded as the main mediator of 
VEGF biological effect [24], VEGFR1 is commit-
ted to vascular stabilization and assists 
VEGFR2 with the tube-like structure formation 
[11]. In the normal chorionic villi, the distribu-
tion of VEGF and receptors kept a balance with 
each other to guarantee the angiogenesis [24], 
imbalanced chorionic villous VEGF/VEGFRs 
expressions facilitated the pathogenesis of 
ESA [25-27]. Here, we found the significantly 
increased VEGFR2 and notably declined VEGF 
and VEGFR1 in the chorionic villi of ESA sam-
ples, suggesting that the imbalanced VEGFRs 
expressions may interrupt angiogenesis. Apart 
from that, the number of trophoblast cells 
appeared to be decreased significantly. 
Therefore, the above phenomena indicated 
that ESA may be induced by the disorders in 
vascular development and the reduction of tro-
phoblast cell quantity in chorionic villi.

Athanassiades et al. revealed that exogenous 
VEGF could stimulate the proliferation of EVT 
cells without influencing their migratory or inva-
sive abilities [28]. Charnock-Jones and his col-
leges reported that VEGF-A could increase both 
the proliferation and invasion of trophoblast 
cells [29]. In this study, the significantly 
decreased number of trophoblast cells in ESA 
samples may be partly attributed to the down-
regulation of VEGF. On the other hand, Sahin et 
al. found that the decreased Notch proteins 
were correlated with the reduction of placental 
weight in fetal growth retardation (FGR) placen-
tas by immunostaining [30]. Our results showed 
a decreased trophoblast cell count and down-
regulation of Notch-1 in the chorionic villi of 
early spontaneous aborted patients. In light of 
this, we speculated that Notch-1 pathway was 
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involved in the anti-angiogenic and cytostatic 
effects in trophoblast cells. Accordingly, we fur-
ther explored the effect of Notch-1 on the 
imbalanced VEGFRs expressions, proliferation, 
and apoptosis in trophoblast cells.

Dll4 is one of the earliest genes expressed in 
vascular endothelial cells, and VEGF receptors 
was the direct target genes regulated by Dll4 
[31]. Deletion of a single Dll4 allele or overex-
pression of DLL4 remarkably attenuates vessel 
formation and results in early embryonic lethal-
ity [32-34]. Dll4 is a hypoxia regulated gene 
expressed restricted to tip cells [33]. In early 
pregnancy, maternal circulation to the placenta 
is extremely slow because of the temporary 
plugging of arteries, so the placenta is exposed 
to a relatively low-oxygen environment to pro-
tect the embryo from forceful maternal blood 
flow and oxygen overload [35-38]. Growing evi-
dences suggested that HIF-1α-mediated upreg-
ulation of VEGF could enhance the expression 
of Dll4 in hypoxia, then the activated Notch-1 in 
neighboring stalk cells induced by Dll4 in tip 
cells suppressed VEGFR2 expression to inhibit 
tip cell phenotype and ectopic sprout formation 
[39]. Meanwhile, Notch-1 could reduce Dll4 
expression in the stalk cells through a feed-
back-back loop [40-42]. The present study dis-
covered the significantly downregulated Notch-
1 in the chorionic villi of patients with ESA, 
which induced overexpression of DLL4 reverse-
ly. The decreased Notch-1 simultaneously pro-
moted the expression of VEGFR2 and sup-
pressed the expression of VEGFR1, ultimately 
lead to an increased network of excessively-
branched small interconnected vessels, but 
these aberrant vessels are non-functional. In 
vitro inhibiting the expression of Notch-1 by 
DAPT resulted in a notably upregulation of 
VEGFR2 and downregulation of VEGFR1 in tro-
phoblast cells, indicating that the downregulat-
ed Notch-1 was involved in the imbalanced 
VEGFRs- induced anti- angiogenic effect. 

Detailed studies identified that Notch-1 could 
regulate the proliferation of human embryonic 
stem cells, which have the potential to differen-
tiate into villous trophoblast cells [37]. However, 
there is no direct proof whether Notch-1 
involves in the proliferation of human tropho-
blast cells. Our data proved that inhibition of 
Notch-1 in vitro could notably suppress the pro-
liferation and promote the apoptosis of tropho-
blast cells. Hence, inhibition of Notch-1-induced 

cytostatic effect in trophoblast cells contrib-
utes to the pathologic process of EAS.

In summary, decreased expression of Notch-1 
could suppress the proliferation, enhance 
apoptosis and disrupt intrinsic VEGF/VEGFRs 
balances through DLL4/Notch-1 pathway in tro-
phoblast cells, which may initiate spontaneous 
abortion. Our findings preliminarily identified 
the significant roles of Notch in early spontane-
ous abortion, and suggest that Notch-1 may 
become a promising candidate for early spon-
taneous abortion therapy.
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