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miR-221-3p involves in the invasion of trophoblast and 
angiogenesis through AMPK pathway and leads to  
unexplained recurrent spontaneous abortion

Yandong Yang1,2, Xietong Wang1, Ying Guo2, Zhihong Wang2, Honglian Gao2

1Department of Obstetrics and Gynecology, Shandong Provincial Hospital Affiliated to Shandong University, Jinan 
250021, Shandong, China; Key Laboratory of Birth Regulation and Control Technology of National Health and 
family Planning Commission of China, Jinan, China; Maternal and Child Care Hospital of Shandong Province, 
Jinan, China; 2Department of Obstetrics and Gynecology, Affiliated Hospital of Binzhou Medical University, Binzhou 
256603, Shandong, China

Received August 8, 2016; Accepted August 23, 2016; Epub November 1, 2016; Published November 15, 2016

Abstract: This study was aimed to find the mechanism of miR-221-3p in response to unexplained recurrent spon-
taneous abortion (URSA). We selected the women who had suffered curettage from January 2013 to January 2016 
and were diagnosed with URSA. The qRT-PCR was performed to detect the mRNA expression of miR-221-3p, hypoxia 
inducible factor-1α (HIF-1α), vascular endothelial growth factor (VEGF) and AMP-activated protein kinase (AMPK). 
The western blot was conducted to evaluate the post-translational expressions of the proteins mentioned above. 
A total of 36 URSA patients and 32 controls were included in this study. Suppression of miR-221-3p significantly 
reduced the mRNA and protein expression of HIF-1α, VEGF and p-AMPK. p-AMPK activator obviously promoted the 
expression of HIF-1α, VEGF and p-AMPK in miR-221-3p inhibitor transfected JAR cells. miR-221-3p plays important 
roles in URSA and does its function in the invasion of trophoblast and angiogenesis by regulating VEGF and HIF-1α 
through AMPK signal pathway.
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Introduction

Recurrent spontaneous abortion (RSA), which 
is defined as three or more consecutive preg-
nancy losses, is a common complication of 
women during gestation period. About 1% of 
couples who what to have children are troubled 
with RSA [1]. There are many causes for RSA, 
including hyperhomocysteinemia, chromosom-
al abnormity, anatomical disorders, endocrine 
disorders, infection, immune factors, chronic 
endometritis and lifestyle factors [2-4]. If the 
cause of RSA is diagnosed, the treatment can 
be taken accordingly. However, the cause of 
approximately 50% RSA cases cannot be deter-
mined, which is defined as unexplained RSA 
(URSA) [5]. 

Recently, some factors have been reported to 
be associated with the URSA. For examples, 
Perfetto et al. [6] found that decrease of IL-22 

levels in the uterine decidua in URSA patients 
may lead to a disruption of decidual homeosta-
sis and eventually cause early pregnancy loss. 
Another study [7] showed that compared to the 
normal pregnant women, the URSA patients 
would display significantly higher ratio of decid-
ual Th1/Th2 cytokines. Except for cytokines, 
some genes play important roles in the devel-
opment of URSA. C677T mutation of methy-
lenetetrahydrofolate reductase gene (MTHFR) 
had been reported to be significantly associat-
ed with URSA in the East Asian population [8, 
9]. Besides, some URSA related polymorphisms 
in other genes, such as Human leukocyte anti-
gen (HLA)-G gene [10], Protease-activated-
receptor 1 [11] and folic acid metabolism-relat-
ed genes [12] were also found. However, the 
mechanism of URSA is still unclear until now. 

Micro RNA (miRNA) is a class of small non-cod-
ing RNA. It can target to the 3’-UTR of certain 
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genes and involve in the development of many 
diseases. So far, several researches have 
reported the association between miRNAs and 
URSA [13, 14], and a circulating miRNA miR-
221-3p has been found to be significantly 
upregulated in villus tissues of URSA patients 
[13]. Nevertheless, the mechanism of the miR-
221-3p on URSA development remains 
unknown. 

In this study, we detected the expression levels 
of miR-221-3p in URSA patients. In order to 
explore the role of miR-221-3p in invasion of 
trophoblast and angiogenesis in URSA patients, 
we evaluated the expression of two biomarkers 
for invasion of trophoblast and angiogenesis: 
hypoxia inducible factor-1α (HIF-1α) and vascu-
lar endothelial growth factor (VEGF). Our results 
will provide a reference for discovering the 
molecular mechanism of URSA development. 

Materials and methods

Patients and samples

This study was warranted by ethics committee 
of Affiliated Hospital of Binzhou Medical 
University. The informed consents were 
acquired from all the patients. There were 36 
URSA patients who had suffered curettage in 
the Affiliated Hospital of Binzhou Medical 
University from January 2013 to January 2016, 
and 32 healthy controls were included in this 
study. All the included women aged from 24 to 
32 years. The gestation ages of the included 
URSA patients and controls were 54-65 d and 
45-60 d, respectively. In URSA group, 18 
patients had endured spontaneous abortion 
twice, 6 patients suffered 3 times and 12 expe-
rienced 4 or more times. The patients with con-
firmed unavoidable abortion in clinic (abdomi-
nal pain or vaginal bleeding occurred and B 
ultrasonic showed no original heart beat) and 
spontaneous abortion for two or more times 
before were grouped into URSA patients. The 
patients with normal pregnancy (blood human 
chorionic gonadotropin level and B ultrasonic 
test showed normal embryo development) 

from the URSA patients and controls after 
curettage were selected and washed repeat-
edly by normal saline. The samples were frozen 
in liquid nitrogen and saved at -80°C for further 
experiments.

Cell line and cell transfection

Human cytokine-7-positive trophoblast cells 
(HTR-8/SVneo) (CRL-3271TM) and human cho-
riocarcinoma JAR cell line (HTB-144TM) were 
purchased from American Type Culture 
Collection (ATCC, Rochcille, MD, USA). JAR cells 
and HTR-8/SVneo cells were cultured in RPMI-
1640 medium containing 10% fetal bovine 
serum (FBS, Gibco, USA), 100 U/mL penicillin, 
and 100 U/mL streptomycin in an atmosphere 
of 5% CO2 at 37°C. miR-221-3p inhibitor/mimic/
scramble and AMPK activator A769662 was 
purchased from Sangon Biotech (Shanghai, 
China). Cell transfection was performed using 
the Lipofectamine 2000 according to the man-
ufacture’s protocol.

Cell proliferation assay

Cell proliferation ability was assessed using 
MTT assay. Cells transfected with silenced vec-
tors at logarithmic stage were cultured in 
DMEM/F12 medium including 10% FBS. Cells 
were adjusted to 5×103 cells and injected into 
the 96-well plates. After being cultured for 24 
h, cells were centrifuged at 12,000 rpm, and 
then supernatant was removed. A total of 20 μL 
MTT was added in each well and cultured for 4 
h. Finally, 150 μL dimethylsulfoxide (DMSO) 
was added and mixed with the cells for 10 min. 
Absorbance at 570 nm of cells in each well was 
observed under an absorption spectrophotom-
eter (Olympus, Japan).

qRT-PCR analysis

Total RNA and miRNA extraction from tissues 
and cells was conducted using TRIzol Reagent 
(Invitrogen, CA, USA) following the instruction. 
Then the isolated RNA was treated with  
RNse-free Dnase I (Promega Biotech, USA). 

Table 1. The primers of genes used in this study
Target Forward (5’-3’) Reverse (5’-3’)
VEGF GAAACCATGAACTTTCTGCTG TCCTTCCTCCTGCCCGGCTA
HIF-1α CAAGAACCTACTGCTAATGCC GTTAGGGCTTCTTGGATGAG
AMPK CAGGCATATGGTGGTCCATAGAG TCATGGGATCCACCTGCAGC
GAPDH CCACTCCTCCACCTTTGAC ACCCTGTTGCTGTAGCCA

asked for abortion at the same peri-
od were considered as controls. The 
patients who had the following dis-
eases were excluded from this 
study: chromosome abnormality, 
anatomical deformity, reproductive 
tract infections, endocrine and 
immune diseases. Villus samples 
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Consequently, concentration and purity of iso-
lated RNA were measured using SMA 400 
UV-VIS (Merinton, Shanghai, China). Purified 
RNA was used for cDNA synthesis with the 
PrimerScript 1st Strand cDNA Synthesis Kit 
(Invitrogen, USA). Expressions of targets were 
detected in an Eppendorf Mastercycler 
(Brinkman Instruments, Westbury, NY) using 
the SYBR ExScript RT-qPCR Kit (Takara, China)  
according to the manual. Melting curve ana- 
lysis of amplification products was performed  
at the end of each PCR to confirm that only one  
product was amplified and detected. Phospho- 
glyceraldehyde dehydrogenase (GAPDH) was  
chosen as the internal controls. Primers used  
for targets (HIF-1α and VEGF, AMPK and GA- 
PDH) amplification were shown in Table 1. The  
miR-221-3p RT primers and forward primers  
were “GTCGTATCCAGTGCAGGGTCCGAGGTATT- 
CGCACTGGATACGACGAAACC” and “GAGCTAC- 
ATTGTCTGCTGGGT”, respectively. U6 was used 
as an internal reference and the primers were 
follows: U6-RT-primer: AACGCTTCACGAATTTGC- 
GT, U6-Forward primer: CTCGCTTCGGCAGCA- 
CA and Reverse primer: AACGCTTCACGAATT- 
TGCGT. 

Western blotting

Cells were lapped with radioimmunoprecipita-
tion assay (RIPA, Sangon Biotech) lysate con-
taining phenylmethanesufonyl fluoride (PMSF, 
Sigma, USA), and then were centrifuged at 
12,000 rpm for 10 min at 4°C. Supertanant 
was collected for the measurement of protein 
concentrations using BCA protein assay kit 
(Pierce, Rochford, IL). Protein samples (50 μg 
per lane) were separated on a 10% sodium 
dodecyl sulfate (SDS)-polyacrylamide gel and 
blotted onto polyvinylidene difluoride mem-
branes, blocked in PBST (0.1% triton in 19 PBS) 

Statistical analysis

All data were displayed as mean ± standard 
error of mean (SEM) in this study. Independent 
sample t-test was used to calculate the differ-
ence between two groups using the GraphPad 
Prism 5.0 software (San Diego, CA). Analysis of 
variance (ANOVA) was used to calculate the dif-
ference for more than 3 groups. The P < 0.05 
was defined as statistically significant.

Results

miR-221-3p expression in URSA tissue and 
cell line

As shown in Figure 1A, the expression level of 
miR-221-3p in URSA group was significantly 
higher than in controls. Then, we detected the 
miR-221-3p expression in HTR-8/SVneo and 
JAR cells and the result showed that the mRNA 
level of miR-221-3p in JAR cells were signifi-
cantly higher than in HTR-8/SVneo cells (Figure 
1B). 

VEGF and HIF-1α expression in URSA tissue 
and cell line

In URSA patients, VEGF and HIF-1α showed sig-
nificant lower mRNA and protein levels than in 
controls (Figure 2A). The same result was found 
in the cell lines (Figure 2B). Both VEGF and HIF-
1α showed significantly higher expression lev-
els in HTR-8/SVneo cells (Figure 2).

miR-221-3p suppression promoted cell prolif-
eration

After transfecting four miR-221-3p vectors into 
JAR cells, we found that the decrease of the 
miR-221-3p expression could improve the via-

Figure 1. The mRNA expression of miR-221-3p in different tissues and cells. 
A: The relative mRNA expression of miR-221-3p in villous tissues from URSA 
patients and controls. B: The relative mRNA expression of miR-221-3p in 
HTR-8/SVneo and JAR cell lines.

and probed with primary anti-
bodies (1:1,000 for HIF-1α, 
VEGF and p-AMPK, 1:5,000 
for GAPDH) overnight at 4°C. 
The membranes were then 
incubated with the appropri-
ate horseradish peroxidase-
conjugated secondary anti-
bodies. The immunoreactive 
protein bands were developed 
by enhanced chemilumines-
cence. The immunoreactive 
bands were analyzed by a 
densitometer.
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bility of the JAR cells (Figure 
3). The miR-221-3p scramble 
transfected cells showed si- 
milar proliferation trend with 
the control group (Figure 3A). 
In the miR-221-3p-inhibitor 
transfected cells, the cell  
viability was significantly in- 
creased after transfecting for 
96 h (Figure 3B). However, 
miR-221-3p mimic transfect-
ed cells showed a significant 
lower cell viability than control 
and miR-221-3p scramble 
transfected cells.

miR-221-3p suppression pro-
motes the expression of VEGF 
and HIF-1α

As shown in Figure 4A, the 
suppression of the miR-221-
3p significantly increases the 
mRNA expression of VEGF 
and HIF-1α. However, in miR-
221-3p mimic transfected 
cells, the VEGF and HIF-1α 
expression levels were signifi-
cantly reduced. In addition, 
miR-221-3p scramble trans-
fected cells displayed a simi-
lar VEGF and HIF-1α expres-
sion levels with the control. 

Figure 2. The mRNA and protein expression of VEGF and HIF-1α in different 
tissues and cells. (A, B) The relative mRNA (A) and protein (B) expression of 
VEGF and HIF-1α in villous tissues from URSA patients and controls. (C, D)  
The relative mRNA (C) and protein (D) expression of VEGF and HIF-1α in HTR-
8/SVneo and JAR cell lines.

Figure 3. Transfection of miR-221-3p vectors into JAR cells. A: The mRNA 
expression of miR-221-3p in different transfected cells. B: Cell viability of 
miR-221-3p in different transfected cells after transfection. 

Figure 4. The mRNA and protein expression of VEGF 
and HIF-1α in different miR-221-3p transfected cells. 
A: The mRNA expression of VEGF and HIF-1α in miR-
221-3p inhibitor/mimic/scramble transfected cells. 
B: The protein expression of VEGF and HIF-1α in miR-
221-3p inhibitor/mimic/scramble transfected JAR 
cells.

The protein expressions showed similar trend 
with mRNA (Figure 4B).

miR-221-3p suppression promotes the activa-
tion of AMPK signal pathway

In villus tissues from URSA patients and JAR 
cell line, p-AMPK mRNA and protein expres-
sions were downregulated compared to the 
controls and HTR-8/SVneo cells (Figure 5A-D). 
After transfection, the inhibition of miR-221- 
3p expression significantly induced the expres-
sion of p-AMPK. However, miR-221-3p mimic 
transfected cells showed obviously lower 
p-AMPK expression than control. In addition,  
no significant difference was found in p-AMPK 
expression between miR-221-3p scramble 
transfected cells and control (Figure 5E, 5F). 

In order to verify the role of miR-221-3p in 
AMPK signal pathway, the AMPK activator 
A769662 was used. The result showed that 
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A769662 had no effect on VEGF, HIF-1α and 
p-AMPK expression (Figure 6). However,  
when miR-221-3p inhibitor and A769662  
were co-transfected into JAR cells, the mRNA 

levels of VEGF, HIF-1α (Figure 6C, 6D) and 
p-AMPK (Figure 6A, 6B) were significantly 
reduced. AMPK had no changes in any 
treatment.

Figure 5. The mRNA and protein expression of p-AMPK and AMPK in different tissue and cells. (A, B) The mRNA 
(A) and protein (B) expression of p-AMPK and AMPK in villous tissues from URSA patients and controls. (C, D) The 
mRNA (C) and protein (D) expression of p-AMPK and AMPK in HTR-8/SVneo and JAR cell lines. (E, F) The mRNA (E) 
and protein (F) expression of p-AMPK and AMPK in miR-221-3p inhibitor/mimic/scramble transfected cells. GAPDH 
was considered as reference. 

Figure 6. The effect of AMPK activator A769662 on miR-221-3p inhibitor/mimic/scramble transfected cells. (A, B) 
the mRNA (A) and protein (B) expression of p-AMPK and AMPK in miR-221-3p inhibitor/scramble transfected cells 
with or without A769662. (C, D) the mRNA (C) and protein (D) expression of VEGF and HIF-1α in miR-221-3p inhibi-
tor/scramble transfected cells with or without A769662. 
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Discussion

In the present study, we found the expression 
of miR-221-3p increased in the embryo villus 
tissues from URSA women. In further experi-
ment, miR-221-3p could regulate HIF-1α and 
VEGF which are two biomarkers involved in 
invasion of trophoblast and angiogenesis. 
Moreover, through the interaction between 
miR-221-3p and the AMPK activator A769662, 
we suggest that miR-221-3p probably acts on 
trophoblast invasion and angiogenesis by acti-
vating the p-AMPK signal pathway.

VEGF is an important angiogenesis promoter 
and plays key role in development and mainte-
nance of the vasculature. VEGF and its recep-
tors (VEGFR-1 and VEGFR-2) are necessary for 
primary vascular network formation and sec-
ondary angiogenesis. VEGF system would be 
activated under hypoxic conditions [15]. HIF-1α 
is a transcription factor that responds to hypox-
ia by inducing expression of genes involved in 
angiogenesis including VEGF [16]. HIF-1α has 
been also found to regulate matrigel-induced 
endovascular differentiation in human extravil-
lous trophoblast cell under normoxia condition 
[17]. In our study, VEGF and HIF-1α were down-
regulated in villous tissues from URSA patients 
and JAR cell line. However, both two genes were 
upregulated in miR-221-3p inhibitor transfect-
ed JAR cells. Therefore, the URSA may inhibit 
the expression of miR-221-3p which can acti-
vate VEGF and HIF-1α expression. 

AMPK is a stress responsive protein kinase 
that is inhibited by hypoxia environment and 
other cellular stresses that leads to decrease 
of cellular ATP levels. Previous studies have 
reported that AMPK signal play vital roles in 
many human diseases and involve in cell prolif-
eration, apoptosis, migration, and invasion. 
Phosphorylation of AMPK could be activated by 
hypoxia in human umbilical vein endothelial 
cells, and inhibition of AMPK signaling could 
suppress both cell migration to VEGF and in 
vitro differentiation in hypoxia [18]. In addition, 
AMPK signal could also stimulate the VEGF 
expression and angiogenesis in human glio-
blastoma and skeletal muscle [19, 20]. Another 
previous study reported that the AMPK also 
worked in placenta tissue of pregnant rats and 
humans and AMPK signal would be activated in 
hypoxia to increase arterial blood flow and pro-
tect the fetus [21]. In our results, we found that 

the AMPK was suppressed in villous tissues 
from URSA patients and JAR cells. This response 
of AMPK may be modulated by miR-221-3p. 
Because the AMPK expression was inhibited in 
miR-221-3p over-expressed JAR cells and 
upregulated in miR-221-3p inhibited JAR cells. 
Moreover, our results showed that the AMPK 
activator A769662 could significantly promote 
the activation of AMPK signal in miR-221-3p 
inhibited JAR cells. However, the activator 
A769662 could not work in miR-221-3p scram-
ble transfected cells. These results identify 
that the miR-221-3p can involve in invasion of 
trophoblast and angiogenesis by regulating 
VEGF and HIF-1α, and these responses may  
be processed by activation of AMPK signal 
pathway.

In conclusion, we firstly identified the role of 
miR-221-3p and explored its primary molecular 
mechanism on URSA. Our results confirm that 
miR-221-3p play important roles in URSA and 
do its function in invasion of trophoblast and 
angiogenesis by regulating VEGF and HIF-1α 
through AMPK signal pathway.
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