
 

 

Introduction 
 
Successful pregnancy depends on coordinate 
progression of decidualization, placenta forma-
tion and embryo development. At early maternal
-fetal interface, the uteroplacental vasculature 
transforms adequately by extravillous tro-
phoblast following proliferation, differentiation 
and invasion of these cells into the maternal 
decidua, and this progression occurs in a rela-
tively hypoxic environment. HIF-1α, a major tran-
scriptional regulator of several hypoxia-sensitive 
genes, including EPO, is functionally deactivated 
by oxygen in a reaction catalyzed by prolyl hy-
droxylase. HIF-1α is essential for the production 

and secretion of EPO in response to hypoxia [1, 
2]. 
 
EPO is a novel family of angiogenic factor, which 
is produced in the fetal liver, and subsequently 
in the adult kidney, acting on its specific recep-
tor (EPOR) [3]. Once EPO is bound to its recep-
tor, the EPOR activates Janus-tyrosine kinase 2 
(Jak2) through phosphorylation, which results in 
tyrosine phosphorylation and dimerization of 
STAT5, ERK1/2, JNK, p38 and AKT signal path-
ways [4, 5]. EPO/EPOR interaction plays an im-
portant role in the growth, invasion, and metas-
tasis of tumour in addition to erythropoiesis [6-
8]. 
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Abstract: The erythropoietin (EPO) belongs to the family of angiogenic factors, which is regulated by Hypoxia-inducible 
factor- 1α (HIF-1α). As known, EPO are expressed in human villi and decidua, but the function is not clear. In this 
study, we investigated the expression and roles of HIF-1α, EPO and its receptor (EPOR) in the biological functions of 
trophoblast and decidual stromal cell (DSC) in human early pregnancy. The expression of EPO, EPOR and HIF-1α was 
evaluated in the villi and deciduas by RT-PCR and immunohistochemistry. Thereafter, we silenced HIF-1α expression 
in HTR-8/SVneo cell line and decidual stromal cells (DSCs). The effects of EPO on the proliferation and apoptosis of 
trophoblasts and DSCs, and activation of signal molecules were investigated by BrdU proliferation assay, flow cytome-
try and western blot, respectively. We have observed that the HIF-1α silence results in the lower expression of EPO in 
trophoblasts and DSCs. The anti-EPO neutralizing antibody can inactivate the phosphorylation of STAT5 and activate 
p38 of these cells in a dosage-dependent manner. Furthermore, the expressions of EPO, EPOR and HIF-1α in the villi 
and decidua from the unexplained miscarriage were significantly lower than that of the normal early pregnancy. This 
study suggests that HIF-1α may regulate the expression of EPO, which plays a favorable regulatory role in the prolif-
eration and survival of human first-trimester trophoblast cells and DSCs via inactivating p38 and activating STAT5 in 
an autocrine manner, while the inadequate EPO expression at maternal-fetal interface may lead to pregnancy wast-
age in humans.  
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During the early pregnancy, a relative low oxy-
gen environment is essential for normal embry-
onic and placental vasculature. HIF-1α is a ma-
jor transcriptional regulator of EPO in hypoxic 
environment. Recent studies have shown that 
EPO and EPOR are expressed in human first-
trimester trophoblast cells and decidua [9, 10], 
and the production of EPO is regulated by the 
oxygen concentration in the blood. Whether HIF-
1α regulates the expression of EPO and the bio-
logical function of EPO at first maternal-fetal 
interface is almost unclear. In the present study, 
we first evaluated the expression of HIF-1α, EPO 
and EPOR at the maternal-fetal interface in early 
pregnancy by immunohistochemistry and real 
time PCR, and then we investigated the roles 
and regulation of these molecules in human 
trophoblasts and decidual stromal cells in early 
pregnancy. The different expression of HIF-1α, 
EPO and EPOR at the maternal-fetal interface 
from early pregnancy and unexplained miscar-
riage was also determined. 
 
Materials and methods 
 
Tissue collection and cell culture 
 
All procedures in this study were carried out 
with the ethical committee approval of the Ob-
stetrics and Gynecology Hospital of Fudan Uni-
versity, and all the participants had completed 
an informed consent to collect tissue samples.  
 
Decidual tissues (n=6) and placental tissues 
(n=6) were from elective termination of the first-
trimester pregnancies (gestational age, 6-8 
weeks) for no medical reason, or the unex-
plained miscarriage. Decidual tissues from the 
first-trimester pregnancy were put immediately 
into ice-cold Dulbecco’s modified Eagle’s me-
dium (DMEM high D-glucose; Gibco Grand Is-
land, NY, USA), transported to the laboratory 
within 30 min after surgery and washed in 
Hank’s balanced salt solution for isolation of 
DSCs.  
 
The DSCs were isolated according to the 
method of Nagle with slight improvement [11]. 
The decidua tissues were fully washed in 
Ca2+Mg2+-free PBS, dissected and minced, and 
were stayed in a solution of 0.1% Collagenase IV 
(sigma, USA) for 90 min at 37°C. Next, the sus-
pension was filtered through sterile gauzes (100 
and 300 µm), and centrifuged at 1000 rpm for 
10 min. The supernatant was discarded, and 

the cell pellet was suspended in PBS solution, 
and centrifuged on a discontinuous gradient of 
20%, 40% and 60% Ficoll for 20 min at 2000 
rpm. The cells were collected from the 20%-40% 
interface containing mainly DSCs, and then sus-
pended in RPMI 1640, washed, and cultured in 
the complete RPMI medium with 10% FBS. After 
culture for 30 min, the non-adherent lympho-
cytes were removed, leaving a highly purified 
population of DSCs. Immunocytochemistry has 
showed that the vimentin-positive cells made up 
for above 98%. 
 
The HTR-8/SVneo extravillous trophoblasts line 
was kindly provided by Professor Charles H. Gra-
ham (Queen’s University) [12], it was grown in 
RPMI 1640 supplemented with 5% fetal bovine 
serum (FBS), under standard culture conditions 
of 5% CO2 in air at 37°C with medium renewal 
every 2-3 days. 
 
Immuocytochemistry 
 
The cells (HTR8/SVneo cells and DSCs) (n=6) 
growing on coverslips were cultured for 48h. The 
coverslips were fixed in 4% (vol/vol) paraformal-
dehyde for 20 min at room temperature, 
washed in PBS and permeabilized for 25 min 
with 0.25% (vol/vol) Triton-100 in PBS. The cells 
were then incubated with 1% BSA in PBS/Tween 
(PBST) for 30 min to block non-specific binding 
of antibodies. The mouse anti-human vimentin 
monoclonal antibody (1:100; Dingguo, Beijing) 
as marker for DSCs, and HLA-G (Applied Biosys-
tems, USA) and cytokeratin-7 antibody (1:100; 
Dingguo, Beijing) as markers for trophoblast 
cells were then added. The mouse anti-human 
HIF-1α mouse monoclonal antibody (1:500; 
Abcam, US), rabbit anti-EPO antibody (1:50; 
Santa Cruz, US) or rabbit anti-EPOR antibody 
(1:50; Santa Cruz, US) was used to detect the 
expression of HIF-1α, EPO and EPOR protein, 
respectively. The cells were incubated with pri-
mary antibody or isotypic control overnight at 4°
C, and then incubated with a peroxidase-
conjugated secondary antibody for 60 min at 
37°C. The slides were stained with DAB, and 
counterstained with haematoxylin. The experi-
ments were repeated five times. 
 
Immunohistochemistry 
 
Immunohistochemical analysis was performed 
for decidua and villi from the early pregnancy 
(n=6) and miscarriage (n=6) (gestational age, 6-
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8 weeks), respectively. For each of the samples, 
briefly, 5mm sections of formalin-fixed, paraffin-
embedded tissues were dewaxed in xylene twice 
for 5 min; rehydrated in 100% ethanol twice for 
3 min, followed by 95% ethanol for 3 min and 
80% ethanol solution for 3 min; then rehydrated 
in Tris-buffered saline (TBS); for each specimen 
an antigen retrieval step was required (Dingguo, 
Beijing), which was achieved by microwave heat-
ing for 20 min in target retrieval solution; 
washed twice. Endogenous hydrogen peroxidase 
activity was quenched by using 3% H2O2 for 30 
min at room temperature, and the specimens 
were then rinsed in PBST. Non-specific binding 
was prevented by preincubation with a non-
immune block (1%BSA/PBST). The sections 
were incubated with mouse immunoglobulin 
(IgG, as isotype), and mouse anti-human HIF-1α 
monoclonal antibody (1:500; Abcam, US), rabbit 
anti-EPO antibody (1:50; Santa Cruz, US), rabbit 
anti-EPOR antibody (1:50; Santa Cruz, US). 
Thereafter, the secondary peroxidase-
conjugated goat anti-mouse or anti-rabbit anti-
bodies (1:1000; Dingguo, Beijing) in the non-
immune block were applied overnight at 4°C. 
After stringent washing with PBST, the slides 
were subsequently incubated for 10 min in DAB 
(EnVisiontw kit, US). The slides were counter-
stained using Harris’ hematoxylin (Sigma Chemi-
cal Company, US), and then washed in water for 
2 min. Slides were mounted for microscopic 
examination. The experiments were repeated 
five times. 
 
RT-PCR 
 
The total RNA was isolated from villi and de-
cidual tissues of the early pregnancy (n=6) and 
miscarriage (n=6) with Trizol reagent (Invitrogen, 
USA). The complementary DNA (cDNA) was gen-

erated with oligo (dT) primers using Revertra 
Ace-α-TM First Strand cDNA Synthesis Kit 
(TOYOBO, Japan) following the protocol. The 
cDNA was reverse transcribed from total RNA 
using the correspondent primer. The 50 µl PCR 
amplification of the single-strand cDNA was per-
formed by pre-denaturation (94°C) for 5min, 
and 28 cycles of denaturation (94°C) for 45 s, 
annealing for 45 s and elongation (72°C) for 45 
s using 2.5 U Taq polymerase (Takara, Japan). 
The primer sequences were indicated in Table 1 
(Shenggong, Shanghai). The amplified DNA was 
fractionated by 2% agarose gel (Oxiod, UK) elec-
trophoresis, and ethidium bromide-stained 
bands were photographed. Experiments were 
performed on threefold dilutions of cDNA and 
the amount of cDNA was normalized by actin. 
 
Knockdown of HIF-1α with siRNA transfection 
 
Hairpin loop constructs that produce specific 
small-interfering RNA (siRNA) and a nonspecific 
control siRNA were designed in Table 2. We si-
lenced HIF-1α with plasmid DNA by using Li-
pofectamine2000 (Invitrogen, US) according to 
the manufacturer’s recommendations. One day 
before transfection, the cells were cultured in 
the medium without antibiotics so that they 
would be 90-95% confluent at the time of trans-
fection. The recovered cells were mixed gently 
with plasmid DNA and Lipofectamine™2000 
(The proportion of plasmid DNA and Lipofec-
tamine™2000 was 1:2 or 1:2.5), and then incu-
bated at 37°C in a CO2 incubator, and then the 
culture medium was replaced after 6 hours. 
 
Western blot assay 
 
Western blot analysis was performed by using 
anti-EPO (1:100; Santa cluz, US), anti-HIF-1α 

Table 1. Primer sequences of EPO, EPOR, HIF-1α and GAPDH 

Gene name Primer sequences Anneal temperature Length (bp) 

EPO Sense: GAGGCCGAGAATATCACGAC 
Anti-sense: TGCGGAAAGTGTCAGCAGTG 57°C 358 

EPOR Sense: TCTCCTACCAGCTCGAGGAT 
Anti-sense: GCGTCTAGGAGCACTACTTC 55°C 205 

HIF-1α Sense: AGAAACCACCTATGACCTGCT 
Anti-sense: AAGCATCCTGTACTGTCCTGTG 53°C 287 

GAPDH Sense: CGGAGTCAACGGATTTGGTCGTAT 
Anti-sense: AGCCTTCTCCATGGTGGTGAAGA 57°C 307 
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(1:1000; Abcam, US), anti-STAT5 (1:10000; CST, 
US), anti-p-STAT5 (1:10000; CST, US), anti-AKT 
(1:10000; CST, US), anti-p-AKT (1:10000; CST, 
US), anti-p38 (1:10000; CST, US), anti-p-p38 
(1:10000; CST, US), anti-ERK1/2 (1:10000; 
CST, US), anti-p-ERK1/2 (1:10000; CST, US), 
anti-JNK (1:10000; CST, US), anti-p-JNK 
(1:10000; CST, US), or anti-GAPDH antibody 
(1:10000; Kangcheng, Shanghai), respectively. 
After having been ground smoothly, the cells 
were lysed in 1% NP-40, 50 mM Tris HCl (pH 
8.0), 150 mM NaCl, 100 µg/ml PMSF, 1 µg/ml 
Aprotinin, and 0.1% SDS for 10 min at 4°C. Nu-
clei were removed by centrifugation at 12000 g 
at 4°C for 10 min, and cell lysates were assayed 
for protein contents using the Bradford protein 
assay. Proteins (50 µg) were resuspended in 
sample buffer (2% SDS, 62.5 mM Tris, pH 6.8, 
0.1% bromophenol blue and 2.5% 2-
mercaptoethanol, 10% glycerol), separated on 
10% SDS-polyacrylamide gels. The proteins 
were transferred to a nitrocellulose membrane 
by electrotransfer for 1 h. After being soaked in 
blocking buffer (1x TBS with blocking reagent), 
the membrane was incubated with the primary 
antibody overnight at 4°C. Blots were developed 
by using the HRP-linked secondary antibody and 
a chemiluminescent detection system (LI-COR 
Biosciences, US). The experiments were re-
peated three times.  
 
Cell proliferation assay 
 
The 1×104 cells (HTR8/SVneo cells or DSCs) 
were plated in each well of 96 well plates. In 
culture for 12h, the anti-EPO neutralizing anti-
body (R&D, US) in the concentration of 0, 0.2, 1 
and 5 ng/ml was added respectively into the 
wells, and the plates were incubated for 24, 48, 
72h, respectively, and finally the cells prolifera-
tion was analyzed with Brdu Proliferation Assay 

kit according to the manufacturer’s protocol 
(Millipore, US). 
 
Annexin V and PI staining for cell apoptosis 
 
To determine the cell apoptosis, an Apoptosis 
Detection Kit was used for Annexin V binding 
and PI staining (Invitrogen, USA). The 2×105 

HTR8/SVneo cells or DSCs were plated in 12 
well plates, incubated for 12 h, and then treated 
with 1ng/ml anti-EPO neutralizing antibody. In 
culture for 48h, the cells were washed and re-
suspended in 100 μl annexin-binding buffers, 
and then added by 5 μl Alexa Fluor 488 annexin 
V (Component A) and 1 μl PI working solution. 
The cells were mixed and then incubated in the 
dark for 15 min at room temperature. At the end 
of incubation, a further 400 μl binding buffer 
was added, and the cells were analyzed immedi-
ately by flow cytometry (BD Bioscience). 
 
Statistics 
 
Data were expressed as mean+SEM. Statistical 
significance was determined by one-way ANOVA 
followed by Dunnett’s multiple comparisons 
test. A P<0.05 is recognized statistically signifi-
cant. 
 
Results 
 
Expression of HIF-1α, EPO, EPOR at human ma-
ternal-fetal interface in the early pregnancy 
 
We first determined whether expression of HIF-
1α, EPO and EPOR was presented in both hu-
man villi and decidua by RT-PCR and immuno-
histochemistry. The result has showed that HIF-
1α, EPO and its receptor were transcribed in villi 
and decidua of early pregnancy. The proteins 
could be detected in the nuclear, cytoplasma 

Table 2. Primer sequences of HIF-1α, HIF-1α siRNA and Negative Control 

Gene name Primer sequences 

HIF-1α 
Sense:5’- CCAGTTATGATTGTGAAGTTA -3’ 

Anti-sense:3’- TAACTTCACAATCATAACTGG -5’ 

HIF-1α siRNA 
Sense:5’-CACCGCCAGTTATGATTGTGAAGTTATTCAAGAGATAACTTCACAATCATAACTGGTTTTTTG-3’ 

Anti-sense:5-GATCCAAAAAACCAGTTATGATTGTGAAGTTATCTCTTGAATAACTTCACAATCATAACTGGC-3 

Negative Control 
Sense:5'-CACCGTTCTCCGAACGTGTCACGTCAAGAGATTACGTGACACGTTCGGAGAATTTTTT G-3' 

Anti-sense:5'-GATCCAAAAAATTCTCCGAACGTGTCACGTAATCTCTTGACGTGACACGTTCGGAGAAC-3’. 
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and membrane of trophoblasts, decidual stro-
mal cells as well as glandular epithelial cells 
(Figure 1A, B). We further testified the expres-
sion of HIF-1α, EPO and EPOR in HTR-8/SVneo 
cells and DSCs by immuocytochemistry with 
HLA-G and cytokeratin7 as markers of the extra-
villous trophoblast and vimentin as marker of 
DSCs, respectively. HTR-8/SVneo cell line also 
expresses vimentin, as previous studies demon-
strated [13]. It has been shown in Figure 1C 
that all these cells expressed HIF-1α, EPO and 
EPOR.  
 
HIF-1α regulates EPO expression in trophoblast 
cells and DSCs in the early pregnancy 
 
To investigate the regulation of HIF-1α on EPO 
expression at maternal-fetal interface, the HTR-
8/SVneo cells and DSCs were silenced for HIF-
1α with non-silenced vector as control. Western 
Blot analysis has showed that the HIF-1α gene 

was successfully silenced in HTR-8/SVneo cells 
and DSCs in 1:2.5 ratio of vector: Lipofec-
tamine™ 2000 (Figure 2A). It results in Figure 
2B, which has showed that EPO expression was 
significantly decreased in HTR-8/SVneo cells 
and primary DSCs when HIF-1α was silenced 
(P<0.01). 
 
EPO promotes the proliferation, and inhibits the 
apoptosis of trophoblast cells and DSCs 
 
To testify the roles of EPO at maternal-fetal inter-
face, BrdU incorporation was used to analyze 
proliferation of the HTR-8/SVneo cells and pri-
mary DSCs after treated with different concen-
tration of anti-human EPO neutralizing antibody 
for 24, 48 or 72h, respectively. The anti-human 
EPO neutralizing antibody could significantly 
inhibit the proliferation of HTR8/SVneo cells 
(Figure 3A) and DSCs in concentration-
dependent manner (Figure 3B) (P<0.01 com-

Figure 1. Expression of HIF-1α, EPO, 
EPOR at human maternal-fetal interface 
in the early pregnancy. The expression 
of HIF-1α, EPO and EPOR on villi and 
deciduas was detected by RT-PCR (A) 
and immunohistochemisty (B). The ex-
pression of HIF-1α, EPO and EPOR on 
primary DSCs and HTR-8/SVneo cells 
was detected by immuocytochemistry
(C). HIF-1α, EPO and EPOR were high 
expressed, and localized to the plasma 
and nucleus (×200). Trophoblast cells 
were stained strongly by anti- cytokerat-
in7 (CK7) and anti-HLA-G monoclonal 
antibody (mAb), not by anti-vimentin 
mAb. Decidual stromal cells (DSCs) 
were positive for vimentin and negative 
for CK7 and HLA-G. Magnification: 
×200. Results were highly reproducible 
in three independent experiments per-
formed in triplicate.  
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pared to the control treatment). The apoptosis 
of the HTR-8/SVneo cells and primary DSCs 
after treated by 1.0 μg/ml anti-human EPO neu-
tralizing antibody were also determined by An-
nexin V and PI staining and flow cytometry 
analysis. As shown in Figure 3C and 3D, treat-
ment with neutralizing antibody of EPO signifi-
cantly increased apoptosis of HTR8/SVneo cells 
and DSCs (p<0.01). These data suggests that 
EPO could promote the proliferation and inhibit 
trophoblasts and DSCs. 
 
The effects of EPO in early maternal-fetal inter-
face through activating STAT5 and inactivating 
p38 signaling pathway 
 
We further investigated the signal pathway of 
EPO in the primary DSCs and HTR8/SVneo cells. 
After the HTR-8/SVneo cells and DSCs were 
treated with anti-EPO antibody for 48h, the 
phosphorylation of STAT5 was significantly down
-regulated, and p38 was up-regulated (P<0.01), 
but the neutralizing antibody did not change the 
phosphorylation level of AKT, JNK and ERK1/2 
(Figure 4), which suggests that EPO might regu-
late the proliferation and survival of human first-
trimester trophoblast cells and DSCs via inacti-
vating p38 and activating STAT5. 

The expressions of EPO and EPOR were de-
creased in decidua and villi of miscarriage 
 
To further demonstrate the association of EPO 
and EPOR expression at human maternal-fetal 
interface with pregnancy outcome, we further 
evaluated the expression of EPO and EPOR in 
the decidua and villi from normal early preg-
nancy and the unexplained miscarriage. As 
shown in Figure 5A, the mRNA levels of EPO and 
EPOR in the decidua and villi from unexplained 
miscarriage were much lower than that of the 
normal early pregnancy (P<0.05). Consistently, 
the protein expression was significantly de-
creased in decidua and villi from unexplained 
miscarriage (P<0.05, Figure 5B, Figure 5C). 
 
Discussion 
 
Successful pregnancy depends on the proper 
development of the fetoplacental vasculature in 
the villous core, which provides structure for the 
delivery of oxygen and nutrients from the inter-
villous space to the fetus [14]. During early 
pregnancy, trophoblast differentiation occurs in 
a relatively hypoxic environment that is a key 
regulator of a variety of biological events during 
early trophoblast differentiation [15-17]. HIF-1 
has been known to activate the gene transcrip-
tion in response to hypoxia, and likely plays a 
key role in the placental, cardiovascular, and 
hematopoietic development [18, 19]. 
 
In low oxygen, the stable HIF-1α subunit dimer-
izes with HIF-1β to form an active HIF-1 complex 
[20], which can regulate the expression of more 
than 20 genes [21], including erythropoietin 
(EPO) [22], vascular endothelial growth factor 
(VEGF) and glycolytic enzymes [23, 24]. 
 
In order to learn the expression of HIF-1α and 
EPO in early pregnancy, we analyzed their ex-
pression in mRNA and protein levels, and found 
that HIF-1α and EPO were highly expressed in 
both human first trimester villi and decidua, 
especially in trophoblasts and DSCs. The HIF-1α 
silence results in the lower expression of EPO in 
HTR-8/SVneo cells and DSCs. Our study proves 
that HIF-1α regulates the expression of EPO in 
human early pregnancy. Relatively hypoxic envi-
ronment is essential for early maternal-fetal 
interface, the production and autocrine role of 
EPO are regulated by HIF-1α.  
 
In human placenta, the proliferation and differ-

Figure 2. HIF-1α regulates EPO expression in tro-
phoblast cells and DSCs. Lipofectamine™2000 was 
used to transfect the HIF-1α silenced plasmid into 
cells, Mixed plasmid DNA and Lipofectamine™2000 
gently at 1:2, 1:2.5, then detected the protein expres-
sion by Western Blot, the result was shown that basal 
HIF-1α protein was markedly reduced after transfec-
tion, especially the ratios of DNA (μg) to Lipofec-
tamine™ 2000 (μl) was 1:2.5 (A). After the expression 
of HIF-1α was silenced, the expression of EPO in HTR-
8/SVneo cells and DSCs was significantly decreased 
(B). Results were highly reproducible in three inde-
pendent experiments performed in triplicate. Blank: 
no transfection; control: DNA plasmid includes a non-
specific control siRNA; silence: HIF-1α was knocked 
down.  
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entiation of both trophoblasts and DSC cells are 
important to the early stages of placental devel-
opment. EPO is proved to be associated with 
several pathologic pregnancy, including pree-
clampsia [25], intrauterine growth restriction 
[26], intrauterine hypoxia [27] and diabetic 
pregnancy. Angiogenic growth factors are con-
sidered to be the main mediators of these proc-
esses. EPO is a novel family of angiogenic fac-
tors, which participates in the development of 
placenta vessels, as well as the angiogenesis 
and metastasis of tumors. We have found that 

EPO is expressed in trophoblasts and DSCs, the 
main functional cells at maternal-fetal interface. 
To testify the function of EPO, we investigated 
the proliferation and apoptosis of human HTR-
8/SVneo cells and DSCs. Only in lower concen-
tration of anti-human EPO antibody, the growth 
of HTR8/SVneo cells and DSCs is significantly 
suppressed, while the apoptosis is elevated. 
Here we have demonstrated the high expression 
of EPO participates in regulation of proliferation 
and apoptosis of trophoblasts and DSCs, which 
is beneficial to the placental and fetal develop-

Figure 3. EPO promotes the proliferation, and inhibits the apoptosis of trophoblast cells and DSCs. Brdu proliferation 
assay was used to detect the proliferation of HTR-8/SVneo cells and primary human DSCs, which were treated with 
different concentrations of anti-human EPO neutralizing antibody (0, 0.2, 1 and 5 ng/ml) after 24, 48 or 72h. It was 
shown that the proliferation of HTR8/SVneo cells (A) and DSCs (B) is significantly lower as compared with that of the 
control (p<0.01). After incubated the HTR-8/SVneo cells and primary human DSCs with or without 1ug/ml anti-human 
EPO neutralizing antibody for 48h, the Annexin V and PI staining was used to detect the apoptosis of these cells. As 
shown in Figure, the apoptosis of HTR8/SVneo cells (C) and DSCs (D) is significantly higher as compared with that of 
the control (P<0.01). Results were highly reproducible in three independent experiments performed in triplicate. Error 
bars depict the standard error of the mean. *P<0.05, **P<0.01 compared to the control. 
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Figure 4. EPO plays roles through activating STAT5 and inactivating p38 signaling pathway at maternal-fetal interface. 
Anti-EPO antibody was used to treat HTR-8/SVneo cells and DSCs for 48h. The bands were scanned and analyzed 
with LI-COR software. The ratio of phosphorylation/total protein indicates the relative activating protein level. Only the 
phosphorylation level of STAT5 (P<0.01) and p38 (P<0.01) is decreased. These pictures are representatives of three 
individual experiments performed in triplicate. Error bars depict the standard error of the mean. **P<0.01 compared 
to the control. 

Figure 5. The expressions of EPO 
and EPOR are decreased in decidua 
and villi of miscarriage. The EPO 
mRNA and protein levels in human 
villi and decidua from normal early 
pregnancy and the unexplained mis-
carriage, were analyzed by (A) RT-
PCR, (B) Immunochemistry (C) west-
ern blot, respectively. The pictures 
were scanned and analyzed with 
Image J software. The villus and 
decidua from normal early preg-
nancy had a statistically higher EPO 
expression than that of the miscar-
riage (P<0.05 or P<0.01). These 
pictures are representatives of three 
individual experiments performed in 
triplicate. Normal: villi and decidua 
from normal early pregnancy; Mis-
carriage: villi and decidua from the 
unexplained miscarriage. Error bars 
depict the standard error of the 
mean. *P<0.05, **P<0.01 com-
pared to the normal control. 
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ment in human early pregnancy.  
 
EPO can promote angiogenesis, anti-apoptosis 
and anti-hypoxia when binding its receptor via 
intracellular Janus family tyrosine protein kinase 
2 (Jak 2) molecules transphosphorylated, and 
then phosphorylation of tyrosine residues in the 
cytoplasmic domain of the EPOR [28]. EPOR 
phosphorylation provides docking sites for a 
variety of signalling molecules, such as signal 
transducer and activator of transcription 5 
(STAT5), phosphatidylinositol-3 kinase (PI3K) 
and RAS/mitogen-activated protein kinase 
(MAPK, including ERK, JNK, p38) [29]. STAT5 
enters the nucleus and induces transcription of 
target genes involved mainly in inhibition of 
apoptosis and cell proliferation. PI3K inhibits 
apoptosis by activating its downstream effector 
AKT [30], while p38 is mostly mediated by both 
negative regulation of cell cycle progression and 
induction of apoptosis [31]. Our study indicates 
that the induction of EPO also seems to be an 
important regulator, and may serve to render 
the balance between proliferation and apoptosis 
at maternal-fetal interface by regulating the 
STAT5 and p38 signal pathway. 
 
We have also found the different expression of 
EPO in human normal early pregnancy and un-
explained miscarriage, which suggests that EPO 
acts as a positive regulator in early placental 
development. The decreased expression of EPO 
may lead to pregnancy wastage owing to insuffi-
cient proliferation of trophoblasts and DSCs. Our 
research is helpful to elucidate the physiological 
mechanism of the early pregnancy and the 
pathological mechanisms of miscarriage. 
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