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Abstract. – OBJECTIVE: To investigate the 
potential role of miRNA-517-5p in preeclampsia 
and its underlying mechanism.

MATERIALS AND METHODS: Placenta sam-
ples were obtained from 20 women with pre-
eclampsia and 20 women with normal pregnan-
cies. Expression level of miR-517-5p in placenta 
samples and JAR cells was detected. MiRNA-517-
5p mimics or inhibitor was transfected in JAR 
cells, followed by detection of proliferative and 
invasive abilities of JAR cells. In addition, the ex-
pressions of extracellular regulated protein ki-
nases (ERK), phospho-extracellular regulated 
protein kinases (p-ERK) and matrix metallopro-
teinase-2 (MMP-2) in JAR cells were evaluated by 
Western blot. Meanwhile, the mRNA level of MMP-
2 was evaluated by Real-time polymerase chain 
reaction (PCR). The luciferase assay was applied 
to identify the target gene of miRNA-517-5p.

RESULTS: Increased level of miR-517-5p was 
detected in placenta samples of preeclamp-
sia patients compared with normal pregnan-
cies. MiRNA-517-5p could regulate proliferative 
and invasive abilities of JAR cells. Furthermore, 
miRNA-517-5p could regulate ERK/MMP-2 path-
way in JAR cells, which would contribute to the 
pathophysiology of preeclampsia. The lucifer-
ase assay showed MMP-2 was the target gene of 
miR-517-5p. Further studies showed that MMP-2 
was dysregulated in preeclampsia.

CONCLUSIONS: MiR-517-5p is highly ex-
pressed in placenta samples of preeclampsia 
pregnancies, which could promote proliferative 
and invasive abilities of JAR cells by inhibiting 
ERK/MMP-2 pathway.
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Introduction

Preeclampsia (PE) is a pregnancy-specific sy-
stemic complication with high blood pressure and 
proteinuria after 20 weeks after of pregnancy1. The 
pregnant women are usually with normal blood 

pressure before pregnancy. PE is one of the five con-
ditions of hypertensive disorder complicating pre-
gnancy, which can affect the system of body organs. 
Its incidence is about 3.9% of all pregnancies2. PE is 
one of the main causes of pregnancy and fetal dea-
th. Clinical evidence has suggested that long-term 
or pregnancy-induced hypertension may develop 
into PE. More seriously, PE may even progress into 
severe conditions, such as eclampsia, HELLP (he-
molysis, elevated liver enzymes and low platelets) 
syndrome3. However, the etiology and mechanism 
of PE have not been fully elucidated, threatening 
the health and living of pregnant women and fetus. 
Therefore, researches on pathogenesis and molecu-
lar mechanism of PE have theoretical and clinical 
significance to prevent its occurrence.

Some scholars4-7 believed that the pathogene-
sis of PE is related to the pathological changes 
in placenta, including oxidative stress, inflam-
matory immune over-activation, lack of vascu-
lar remodeling, trophoblast apoptosis, maternal 
fetal interface immune abnormalities, placental 
local coagulation and anticoagulation mechani-
sm imbalance. Placenta is an important organ 
during pregnancy, which is related to many pre-
gnancy-related diseases. Placenta mediates the 
nutrition absorption and gas exchange of the de-
veloping fetal. The placenta regulates the tem-
perature, produces hormones, protects and pre-
vents internal infection during pregnancy. The 
placenta is mainly composed of trophoblasts, 
decidual cells, endothelial cells and mesenchy-
mal cells. The biological functions of these cells, 
such as trophoblast proliferation, differentiation 
and invasion, as well as mesenchymal cell dif-
ferentiation, decidualization and angiogenesis, 
are critical for healthy pregnancies8,9. Patholo-
gical changes during pregnancy contribute to 
the pathogenesis of PE. In recent years, a lot of 
researchers have proven the interaction between 
microRNAs and the pathogenesis of PE10. Hence, 
we proposed that miRNAs alter the phenotypes 
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of placenta cells and respond to the changes of 
physiological condition during pregnancy. The 
abnormal expression of miRNAs during pre-
gnancy may lead to disordered cellular fun-
ctions. MiRNAs, a kind of non-coding regula-
tory factors, have been identified in regulating 
a lot of biological processes such as differentia-
tion, proliferation, apoptosis and metabolism11-13. 
With the advanced miRNA sequencing technolo-
gy, a lot of placenta-specific miRNAs have been 
found to regulate pregnancy process. For exam-
ple, miR-141 and miR-519d-3p could regulate 
trophoblast cell proliferation, migration, inva-
sion and intercellular communication14,15. MiR-
517a, miR-517b, miR-518b, and miR-519a were 
the four C19MC members observed in complete 
hydatidiform moles (CHM)15. Besides, miR-210 
expression was upregulated in placental tissues 
from PE patients than those of normal pregnan-
cies16. MiR-517-5p was previously demonstrated 
to be exclusively expressed in placenta17. In the 
study of circulating C19MC microRNAs in PE, 
the research found the upregulated miR-517-5p 
in placenta, suggesting its functional role in the 
generation of PE. In this report, we mainly fo-
cused on the potential role of miR-517-5p in PE 
development. In this report, we focused on the 
potential role of miR-517-5p in the pathogene-
sis of PE and its specific mechanism. The result 
showed that the expression level of miR-517-
5p increased in the placenta of PE pregnancies 
compared with healthy pregnancies. In order to 
further explore the mechanism of miR-517-5p in 
the pathogenesis of PE, we explored the biologi-
cal function of miR-517-5p in JAR cell line. 

Materials and Methods

Chemicals and Materials
JAR cells were obtained from American Type 

Culture Collection (ATCC, Manassas, VA, USA). 
Fetal bovine serum (FBS) was obtained from Gibco 
(Rockville, MD, USA). Cell Counting Kit-8 (CCK-
8) Assay Kit was obtained from MedChem Express 
(Monmouth Junction, NJ, USA). Antibodies anti-
β-actin, ERK, p-ERK and MMP-2 were purchased 
from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Lipofectamine® 3000 Transfection Reagent 
was obtained from Invitrogen (Carlsbad, CA, USA). 

JAR Cell Culture 
JAR cells were maintained in RPMI-1640 

(Roswell Park Memorial Institute-1640) sup-

plemented with 10% fetal bovine serum (FBS), 
antibiotics (penicillin and streptomycin), 2 mM 
L-glutamine, and 25 μg/mL gentamicin at 37°C 
in a humidified atmosphere of 5% CO2. Cell pas-
sage was performed every 2-3 days.

RNA Extraction and Real-Time 
quantitative Polymerase Chain Reaction 
(RT-qPCR)

After JAR cells were transfected with miR-
NA-517-5p mimics or inhibitors, total RNA was 
extracted using TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA). Briefly, 1 μg of total RNA was re-
versely transcribed using reverse transcription kit. 
Real-time PCR was conducted using the ABI PRI-
SM 7500 sequence detection system. The reverse 
transcription reaction program was as follows: 
25°C for 10 min, 37°C for 120 min and 85°C for 5 
min. Real-time PCR amplification conditions were 
95°C for 10 min, followed by 50 cycles of denatu-
ration at 95°C for 15 s and annealing at 62°C for 1 
min. All reactions were repeated for three times, 
and the relative mRNA expression levels for target 
genes were normalization by β-actin. 

Protein Extraction and Western Blotting 
Analysis 

After JAR cells were transfected with miR-
517-5p mimics or inhibitors and treated with 
ERK inhibitor, JAR cells were harvested for 
protein isolation. Whole-cell lysates were pre-
pared by cell lysis buffer containing protease 
inhibitors. The protein samples were separated 
by 10% sodium dodecyl sulphate-polyacrylami-
de gel electrophoresis (SDS-PAGE) and tran-
sferred to the polyvinylidene difluoride (PVDF). 
The membranes were incubated with 5% defat-
ted milk in phosphate-buffered saline tween 
(PBST) for 1 hours, and were then incubated 
with primary antibodies overnight at 4°C. After 
washing with Tris-buffered saline and Tween 
(TBST) buffer on the next day, membranes were 
incubated with peroxidase-conjugated indivi-
dual secondary antibodies for 1 hour. Finally, 
membranes were exposed using electrochemilu-
minescence (ECL) solution for detecting fluore-
scence intensity.

Cell Proliferation Viability
JAR cells were suspended in complete RPMI-

1640 medium and adjusted to 5×106 cells/mL. 
Cells were seeded into 96-well plates with 100 μL 
of suspension per well. Cell proliferation was de-
tected by CCK-8 assay kit according to the manu-
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facturer’s steps. Absorbance was detected at the 
wavelength of 450 nm using a microplate reader 
(Bio-Rad, Hercules, CA, USA).

Cell Invasion Viability
The invasive ability of JAR cells was detected 

using Matrigel transmembrane invasion assay. 
The transwell chambers were coated with Matri-
gel. JAR cells were harvested for calculating and 
plating into the upper chamber. The bottom wel-
ls were filled with complete medium. After incu-
bation, non-adherent cells on the upper chamber 
were scraped with a cotton swab. The invaded 
cells were stained with crystal violet solution 
after fixed with methanol. Finally, five random-
ly selected fields were captured for counting the 
number of penetrated cells.

Statistical Analysis
Each experiment was repeated at least in tri-

plicate. Results were expressed as the mean va-
lue ± standard deviation (SD). Statistical analysis 
was carried out using Student’s t-test. p-value less 
than 0.05 was thought to be with significance.

Results

The Expression Level of miR-517-5p 
Increased in Placenta Tissues 
of Preeclampsia Patients

Placenta tissues were obtained from 20 women 
with preeclampsia and 20 women with normoten-
sive pregnancies for RNA isolation. After reverse 
transcription, the expression level of miR-517-5p 
was detected by Real-time qPCR. The relative 
expression level of miR-517-5p was higher in pre-
eclampsia placenta tissues compared with normo-
tensive placenta tissues. The average expression 
level of miR-517-5p was nearly two-fold higher in 
preeclampsia patients (Figure 1).

MiR-517-5p Inhibited the Proliferative 
and Invasive Abilities of JAR Cells

In order to investigate the effect of the incre-
ased expression of miR-517-5p in preeclampsia 
patients, we selected placental cell line JAR for 
the following experiments. According to the pre-
vious report, dysregulation of placental cells may 
contribute to the pathogenesis of PE. We tried to 
verify whether miR-517-5p could regulate the pro-
liferative and invasive abilities of placental cells. 
JAR cells were first transfected with miR-517-5p 

mimics or inhibitors, respectively. Proliferative 
and invasive abilities of JAR cells were evaluated 
by CCK-8 assay and transwell assay. The results 
showed that the proliferative and invasive abilities 
of JAR cells were inhibited by miR-517-5p ove-
rexpression (Figure 2). 

MMP-2 was the Target Gene of miR-517-5p
To investigate the mechanism by which miR-

517-5p regulates the proliferation of JAR cells, 
we searched for the target gene of miR-517-5p. 
According to prediction result by TargetScan, 
MMP-2 was a candidate target for miR-517-5p. 
MMP-2 is a member of matrix metalloproteina-
se (MMP) family, which is involved in the bre-
akdown of extracellular matrix (ECM) in bio-
logical processes18. It is reported that MMP-2 is 
also involved in cell proliferation ability19. In the 
present study, JAR cells were transfected with 
miR-517-5p mimics or inhibitors for 24 h. The 
Real-time PCR result showed that the mRNA le-
vel of MMP-2 significantly decreased after JAR 
cells were transfected with miR-517-5p mimics. 
Expression level of MMP-2 significantly increa-
sed, on the contrary by transfection of miR-517-
5p inhibitor (Figure 3A). In addition, the protein 
level of MMP-2 showed the same change (Figu-
re 3B). In order to find the direct evidence for 
the interaction between miR-517-5p and MMP-
2, we constructed the luciferase plasmid con-
taining 3’UTR of MMP-2 gene named PGL3/
MMP2-3’UTR. Transfection of miR-517-5p mi-
mics significantly suppressed the luciferase acti-
vity of PGL3/MMP2-3’UTR, but has no effect 
on the luciferase activity of PGL3/MMP2-3’U-
TR mutant plasmid (Figure 3C). These results 
clearly displayed that MMP2 was the direct tar-
get gene of miR-517-5p.

MMP-2 Expression Level Decreased in 
Placenta Tissues of Preeclampsia Patients

In order to verify the result that MMP-2 
could be regulated by miR-517-5p in placenta 
tissues, we detected the mRNA level of MMP-
2 by Real-time PCR. According to the Real-ti-
me PCR result, the relative expression level of 
MMP-2 was higher in preeclampsia placenta tis-
sues compared with normotensive placenta tis-
sues. Furthermore, we analyzed the correlation 
between MMP2 and miR-517-5p in each sample. 
The correlation analysis result showed that the 
expression level of MMP2 was negatively corre-
lated to the expression level of miR-517-5p (Fi-
gure 1B and Figure 1C).
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ERK Pathway was Involved in MiR-517-5p 
Induced MMP-2 Down Regulation 
in JAR Cells

It is reported that MMP-2 expression is regu-
lated by MEK-ERK signaling pathway in a lot of 
diseases20. In this study, MMP-2 was downregu-
lated in placental tissues of preeclampsia patien-
ts. Besides, MMP-2 expression was regulated by 
miR-517-5p. In order to verify the contribution of 
ERK pathway to MMP-2 transcription and pla-
cental cell proliferative ability, we investigated 

the effect of miR-517-5p on regulating ERK pa-
thway in placental cells. We transfected JAR cells 
with miR-517-5p mimics or inhibitors, respecti-
vely, followed by protein expression detection of 
ERK pathway-related genes. Western blot results 
showed inhibition of ERK pathway in miR-517-5p 
mimics transfected cells and activation of ERK 
pathway in miR-517-5p inhibitor transfected cells 
(Figure 4). Taken together, these results suggested 
that miR-517-5p inhibits placental cells prolifera-
tion by inhibiting ERK/MMP-2 pathway.

Figure 1. The expression levels of miR-517-5p and MMP-2 in placental tissues of preeclampsia. The placental tissues of 20 
women with preeclampsia and 20 women with normotensive pregnancies were collected for RNA isolation. A, The expression 
level of miR-517-5p was analyzed in preeclampsia placental tissues compared with normotensive placental tissues. B, The 
expression level of MMP-2 was analyzed in preeclampsia placental tissues compared with normotensive placental tissues. C, 
The correlation analysis of the expression level of MMP2 and the expression level of miR-517-5p (** p<0.01).
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Inhibition of the ERK/MMP-2 Pathway 
Reduced JAR Cells Proliferation Ability

To further verify whether ERK/MMP-2 pa-
thway could regulate proliferative ability of pla-
cental cells, JAR cells were treated with PD98059 
(ERKi), a specific inhibitor of ERK1/2. PD98059 
treatment inhibited ERK1/2 phosphorylation and 
MMP-2 expression in JAR cells. This result also 
indicated that the decreased expression level of 
MMP-2 was caused by ERK1/2 phosphorylation 
inhibition (Figure 5). The CCK-8 result showed 
that the proliferative ability of JAR cells is inhibi-

ted by ERK inhibitor. This result also suggested 
that miR-517-5p regulates proliferative ability of 
placental cells by regulating ERK/MMP-2 pa-
thway. 

Upregulation of MMP-2 Partly Reversed 
Proliferative and Invasive abilities 
in JAR Cells

MMP-2 plays an essential role in regulating cell 
proliferation and invasion. The expression level of 
MMP-2 significantly decreased in miR-517-5p mi-
mics transfected JAR cells. Besides, inhibition of 

Figure 2. MiR-517-5p inhibited the proliferation and invasion of JAR cells. JAR cells were transfected with miR-517-5p 
mimics or inhibitors, and the expression level of miR-517-5p was analyzed by Real-time PCR. A, Transfection effects of 
miR-517-5p mimics and miR-517-5p inhibitor were evaluated by Real-time qPCR. B, The CCK-8 assay result showed that the 
proliferation of JAR cells decreased in miR-517-5p mimics group compared with control, but increased in miR-517-5p inhibitor 
group compared with control. C, Transwell assay result showed that the invasion of JAR cells decreased in miR-517-5p mimics 
group compared with control, but increased in miR-517-5p inhibitor group compared with control (**p<0.01, ***p<0.001).
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Figure 3. MMP-2 was the target gene of miR-517-5p. JAR cells were transfected with miR-517-5p mimics or inhibitor, and the 
expression level of MMP-2 was analyzed by Real-time PCR and Western-blot. A, The expression level of MMP-2 decreased in 
miR-517-5p mimics transfected cells compared with control, but increased in miR-517-5p inhibitor transfected cells compared 
with control. B, Western-blot showed miR-517-5p mimics decreased protein expression of MMP-2, but miR-517-5p inhibitor 
increased protein expression of MMP-2. C, Luciferase plasmid of wild-type PGL3/MMP2-3’UTR 3’UTR was transfected with 
miR-517-5p. The luciferase activity of wild-type PGL3/MMP2-3’UTR 3’UTR significantly decreased. The luciferase activity 
of mutant PGL3/MMP2-3’UTR 3’UTR remained unchanged (** p<0.01, ns, none significant).



Up-regulation of miR-517-5p inhibits ERK/MMP-2 pathway: potential role in preeclampsia

6605

Figure 4. ERK pathway was regulated by miR-517-5p. JAR cells were transfected with miR-517-5p mimics or inhibitor, and 
the activity of ERK pathway was analyzed by Western Blot. A, The protein level of p-ERK in miR-517-5p mimics transfected 
JAR cells significantly decreased and the protein level of ERK remained unchanged. B, Density analysis of p-ERK in miR-
517-5p mimics transfected JAR cells. C, Density analysis of ERK in miR-517-5p mimics transfected JAR cells. D, The protein 
level of p-ERK in miR-517-5p inhibitor transfected JAR cells significantly increased and the protein level of ERK remained 
unchanged. E, Density analysis of p-ERK in miR-517-5p inhibitor transfected JAR cells. F, Density analysis of ERK in miR-
517-5p inhibitor transfected JAR cells (** p<0.01).

Figure 5. Inhibition of the ERK/MMP-2 pathway reduced proliferation of JAR cells. JAR cells were treated with 2 μM 
PD98059 (ERKi) for 72 hour. The cells were collected for protein isolation and CCK-8 analysis. A, The protein level of p-ERK 
and ERK in PD98059 treated JAR cells were evaluated by Western blot. B, Density analysis of p-ERK in PD98059 treated JAR 
cells. C, Density analysis of ERK in PD98059 treated JAR cells. D, The protein level of MMP-2 in PD98059 treated JAR cells 
was evaluated by Western Blot. E, Density analysis of MMP-2in PD98059 treated JAR cells (** p<0.01).
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ERK pathway also inhibited the expression level 
of MMP-2. Therefore, we suggested that MMP-2 
is a key factor in the phenotype change of placen-
tal cells. JAR cells were co-transfected with miR-
517-5p mimics and MMP-2 overexpression pla-
smid. Overexpression of MMP-2 partly restored 
the inhibited proliferation by miR-517-5p in JAR 
cells (Figure 6A). In addition, overexpression of 
MMP-2 partly restored the inhibited invasion by 
miR-517-5p in JAR cells (Figure 6B). These resul-
ts showed that miR-517-5p inhibits proliferation 
and invasion of placental cells by inhibiting ERK/
MMP-2 pathway.

Discussion

Preeclampsia is one of the most serious dise-
ases in late pregnancy with high morbidity and 
mortality. However, the cause of PE is unknown. 
To date, the potential function of miR-517-5p in 

PE has been rarely reported In this study, the 
miR-517-5p expression level was higher in placen-
ta tissues of PE pregnancies compared with those 
without hypertension, which was consistent with 
the previous reports17,21. Many reports22-24 have 
found that miR-517 plays a crucial role in various 
diseases, such as PE, lung cancer and bladder 
cancer. Previous studies22 have shown that miR-
517a/b contributes to the development of PE by 
altering extra villous trophoblast function at the 
first trimester. MiR-517a accelerates lung cancer 
cell invasion and proliferation through inhibiting 
FOXJ3 expression23. MiR-517a could also regu-
late cell apoptosis in bladder cell lines24. In this 
report, we found of the highly expressed miR-
517-5p could inhibit proliferation and invasion of 
placental cells. However, the other functions of 
miR-517-5p should also be investigated in placen-
tal cells. According to the previous studies, the 
researchers also observed its higher expression in 
the plasma of preeclampsia25. We considered that 

Figure 6. Upregulation of MMP-2 partly reversed inhibited proliferation and invasion induced by miR-517-5p in JAR cells. 
JAR cells were transfected with MMP-2 overexpression plasmid and miR-517-5p mimics. A, The overexpression effect of 
MMP-2 was confirmed by Western blot. The cell proliferation of JAR cells was evaluated by CCK-8 assay. B, The cell invasion 
of JAR cells was evaluated by transwell assay (** p<0.01).
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miR-517-5p may serve as a biomarker for PE. In 
placental cell lines, our results demonstrated that 
miR-517-5p could decrease cell proliferation and 
invasion ability by inhibiting ERK/MMP-2 pa-
thway, which has not been reported before. This 
result suggested that miR-517-5p expression is as-
sociated with proliferative and invasive abilities 
of placental cells. Furthermore, we predicted the 
target gene of miR-517-5p. According to the target 
gene prediction, MMP-2 was screened out. The 
MMP-2 gene is an important member of the ma-
trix metalloproteinase family and closely related 
to cell proliferation and apoptosis. From the repor-
ted articles, viability of vascular smooth muscle 
cells (VSMCs) were significantly inhibited by the 
treatment of high-concentration MMP-226. MMP-
2 was also reported to regulate cardiomyocyte de-
differentiation and proliferation, which contribute 
to cardiomyocyte regeneration27. MMP-2 could 
regulate cell migration and invasion of various 
cells, such as endometriotic cells, cervical cancer 
cells and trophoblast cells28-30. 

Conclusions

We found that miR-517-5p was highly expres-
sed in preeclampsia placenta tissues. MMP-2, as 
the target gene of miR-517-5p, was dysregulated 
in the placental tissues of preeclampsia. MiR-517-
5p inhibits proliferation and invasion of placental 
cells by inhibiting ERK/MMP-2 pathway. Our 
study suggest that miR-517-5p could be used as a 
predictor of preeclampsia.
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