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Abstract. – OBJECTIVE: Preeclampsia (PE) 
is one of common pregnancy diseases, which 
has seriously threatened the health of the gravi-
das. Although upregulated miR-269-3p has been 
found in the placentas of the patients with PE, 
the regulation mechanisms of miR-296-3p re-
main unclear. 

PATIENTS AND METHODS: In this study, the 
placentas of the patients and normal gravidas 
were used to observe the difference in miR-
296-3p expression level, and HTR-8/Svneo and 
JAR cells were used to investigate the role of 
miR296-3p in trophoblast cells. Besides, qRT-
PCR, Western blot, CCK-8 assay, Dual-Lucifer-
ase reporter gene assay and transwell assay 
were used to explore the functions and regula-
tion mechanisms of miR-296-3p on PE. 

RESULTS: The results showed that miR-296-
3p was upregulated in the PE-placentas, and in-
creased miR-296-3p could inhibit the prolifer-
ation, invasion and migration of HTR-8/Svneo 
and JAR cells. Besides, miR-296-3p could di-
rectly target the 3’-UTR of CEMIP, and the phe-
nomena induced by increased miR-296-3p, in-
cluding decreased β-catenin and p-AKT and 
weakened proliferation, invasion and migration 
abilities, could be reversed by upregulating the 
expression level of CEMIP. 

CONCLUSIONS: To summarize, this study sug-
gests that miR-296-3p inactivates the Wnt/β-cat-
enin and PI3K/AKT pathways to promote the 
progression of PE via targeting the CEMIP.
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Introduction

Preeclampsia (PE) is a common pregnancy 
complication that mostly occurs after 20 ges-
tational weeks1-3. In clinical intervention, the 

environmental disorder in the patients induced 
by serious symptoms contributes disastrous 
morbidity and mortality of both PE-patients 
and their fetuses4. Even with current therapeu-
tic strategies, PE, with the incidence of 3%-
5%, remains a major cause of perinatal deaths 
worldwide5. As expected, PE is characterized 
by an excess of antiangiogenic factors, hyper-
tensive induced by uteroplacental ischemia and 
final multi-organ dysfunction6. Although the 
prognosis of the patients has been improved 
in recent years, the pathological mechanism of 
PE remains unclear. At present, to illustrate the 
pathogenesis of PE, several theories, includ-
ing the impairment of the placentas induced 
by ischemia, abnormal apoptosis and invasion 
levels of trophoblastic cells and the dysfunc-
tion of vascular endothelial cells induced by 
oxidative stress and increased antiangiogenic 
factors, have been proposed7,8. However, it has 
been widely accepted that the changes in the 
apoptosis level and the abilities of proliferation, 
invasion and migration of trophoblastic cells 
might be major reasons of PE.

MicroRNAs (miRNAs) are endogenous 
non-coding RNAs consisting with 21-25 nucle-
otides9. Increasing evidence have indicated that 
miRNAs play key roles in many important cel-
lular events10. The interaction of miRNAs with 
3’-UTRs involves in the translation repression 
of target mRNAs, contributing downregulation 
of the related protein in the cells11. Moreover, 
modulating the levels of the miRNAs with ab-
normal expression has increasingly emerged as 
a promising therapeutic strategy. As possible 
therapeutic targets, consideration has been given 
to the abnormal expression of some miRNAs in 
the trophoblast cells, which is a hallmark feature 
of PE12. Lv et al13 have showed that the miRNAs 

European Review for Medical and Pharmacological Sciences 2021; 25: 3938-3946

X.-S. LI1, L. LIANG1, J. ZHANG1, M.-Y. TONG1, C.-F. XIA1,  
Q.-X. YANG1, X.-R. WANG2

1Department of Obstetrics and Gynaecology, Daqing People’s Hospital, Daqing, China
2Medical Branch, Daqing People’s Hospital, Daqing, China

Corresponding Author: Xuerong Wang, MD; e-mail: j.w.b@163.com

MiR-296-3p promotes the development 
and progression of preeclampsia via 
targeting the CEMIP



MiR-296-3p promotes the development and progression of preeclampsia via targeting the CEMIP

3939

are related to the abilities of the trophoblast cells 
such as proliferation, invasion and migration. 
The dysfunction of some miRNAs in the human 
trophoblast cells induces the expression change of 
some key proteins and activities of some signal 
pathways, to promote the development and pro-
gression of PE14.

It has been found that miR-296-3p was upreg-
ulated in the placentas of the patients with PE, 
while the regulation mechanisms of miR-296-3p 
on PE remains unclear. Therefore, this study aims 
to explore the functions of miR-296-3p in the 
progression of PE and provide some reference to 
PE treatment. 

Patients and Methods

Clinical Sample 
The study was approved by the Ethics Com-

mittee of Daqing People’s Hospital, and verbal 
and written consent was obtained from partic-
ipants. The included criteria followed the diag-
nostic guidelines of International Society for the 
Study of Hypertension in Pregnancy (ISSHP) 
published in 201815.

Thirty placental samples of the patients and nor-
mal participants, from Department of Obstetrics 
(I), Daqing People’s Hospital, from July 2016 to 
October 2018, were collected for detection. Inclu-
sion criteria: the included patients did not have any 
history of pre-existing or chronic hypertension; 
the patients had severe proteinuria (urinary protein 
excretion, ≥2 g/24 hours), and the systolic blood 
pressure ≥160 mmHg or diastolic blood pressure 
≥110 mmHg on ≥2 occasions after the 20th week 
of gestation. Exclusion criteria: The patients had 
renal disease or transient hypertension, which se-
riously affect the accuracy of this study; The pa-
tients with spontaneous abortion, intrauterine fetal 
death, fetal chromosomal or congenital abnormal-
ities were excluded from this study. The placentas 
were collected within 1 hour of cesarean birth. The 
tissues of the chorionic plate and basal plate were 
separately obtained from the placenta disc. 

Cell Culture
The cell lines including HTR-8/SVneo and 

JAR were purchased from Procell Life Sci-
ence&Technology Co., Ltd. (Waltham, MA, 
USA). All cells were cultured with Roswell Park 
Memorial Institute-1640 (RPMI-1640; Gibco, 
Beijing, China) contained with 10% FBS and 
antibiotics (100 U/mL penicillin and 100 μg/mL 

streptomycin). All cells were maintained at 37°C 
with 5% CO2. 

Cell Transfection
The cells seeded in 6-well plates. The transfec-

tants including miR-296-3p inhibitor, inhibitor-NC 
and pcDNA-KEAP1 were synthetized and purified 
by Beijing Generaybiotech co., Ltd (Beijing, Chi-
na). Trophoblast cells (2×106 cells/well) were seed 
in 6-well plates and incubated for 24 hours. After 
that, the transfectants including the miR-296-3p 
mimics, miR-296-3p inhibitors, pcDNA-CEMIP 
or empty vector were transfected into HBMECs 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). In brief, the cells were seed in 6-well 
plates, and the transfections were performed when 
the cell confluence was at 70%. 4 μg DNA, 100 
pmol RNA or 10 μl Lipofectamine 2000 diluted 
by 250 μl serum-free medium, respectively. After 
incubation for 5 min, the diluted DNA/RNA were 
mixed with diluted Lipofectamine 2000 (total vol-
ume = 500 μl). After incubation for 20 min at room 
temperature, the 500 μl of mixtures was added 
into each well. After that, the cells were cultured 
for 24-48 hours. 

Quantitative Reverse Transcription 
Polymerase Reaction (qRT-PCR) 

Total RNAs of the tissues or cells were 
extracted by TRIzol reagent. After that, the 
extracts were transcribed into cDNA by a Pri-
meScript® RT reagent Kit (Thermo Fisher Sci-
entific, Waltham, MA, USA). All primers were 
synthesized and purified by Synbio Technology 
(Suzhou, China). According to the operation 
instruction of a KAPA qRT-PCR kit (Sig-
ma-Aldrich, St. Louis, MO, USA), the reaction 
systems (10 μL) were prepared for qRT-PCR. 
The reaction conditions followed pre-denatur-
ation at 95°C for 30 s, 95°C for 5 s, and 60°C 
for 30 s for a total of 40 cycles. Besides, U6 was 
used as the control of miR-296-3p. The primer 
sequences of miR-296-3p and U6 have been 
shown in Table I.

Table I. Primer sequences.

 Name of
 primer Sequences

miR-296-3p-F 5’-TGGGAGGGCCCCCCCTCAA-3’
miR-296-3p-R 5’-TGGTGTCGTGGAGTCG-3’
U6-F 5’-CTCGCTTCGGCAGCACA-3’
U6-R 5’-AACGCTTCACGAATTTGCGT-3’
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Western Blot 
The total proteins of the tissues or cells were 

extracted by RIPA buffer (containing 1% Phenyl-
methylsulfonyl fluoride, Absin Bioscience Inc, 
Shanghai, China), and BCA protein assay kit (Be-
yotime, Shanghai, China) was used to measure 
the concentration of the extracts. All proteins 
were separated by 10% polyacrylamide gel, and 
then, were transferred onto the polyvinylidene 
difluoride (PVDF) membranes. After that, the 
fat-free milk (5%) was used to block the mem-
branes for 1 hours, and then, the membranes 
were incubated with the primary antibodies of 
target proteins at 4°C overnight, and the β-ac-
tin was used for quantification of target pro-
teins. After washing three times with TBST, the 
membranes were incubated with the secondary 
antibodies for 1.5 hours at 25 °C. Finally, a che-
miluminescence detection system was used to 
observe the protein expression levels. The anti-
bodies were used as follow: anti-CEMIP (1:1000, 
ab2853965, ThermoFisher, Waltham, MA, USA); 
anti-p-PI3K(1:1000, ab2816326, ThermoFisher, 
Waltham, MA, USA); anti-β-catenin (1:2000, 
ab170901, Abcam, Santa Cruz Biotechnology, 
Santa Cruz, CA, USA); anti-β-actin (1:1000, sc-
47,778, Santa Cruz, CA, USA). 

Transwell Assay
For migration assay, 100 μL serum-free RPMI 

1640 medium with 2×105 cells were added to the 
upper chamber, and 600 μL complete medium 
containing 10% FBS was added to the lower 
chamber. The cells were cultured in standard 
conditions for 24 hours. The migrated cells on the 
lower surface of the upper chamber were fixed in 
methanol for 10 min. The cells were dried at room 
temperature and stained with 0.1% w/v crystal 
violet (Cat#G1062, Solarbio, Beijing, China) for 
30 min and then were washed with tap water. The 
migrated cells were visualized and photographed 
by a Leica DMi8 microscope.

For the invasion assay, the upper chamber of the 
Transwell chamber was coated with Matrigel and 
5×105 cells were seeded in the upper chamber of 
each transwell. After incubation for 24 h, the cells 
were fixed by 4% paraformaldehyde, and stained 
with 0.4% trypan blue. After that, the cells in three 
randomly selected areas of chambers were counted 
by a microscope (Olympus, Tokyo, Japan).

CCK-8 Assay 
HTR-8/Svneo cells were seeded into 96-well 

plates. After 48 h of transfection, the cells in each 

well were added with CCK-8 solution (Amyjet, 
Wuhan, China), and the blank wells only added 
with CCK-8 solution as the controls. After in-
cubating for 4 hours, the absorbance value was 
measured at 450 nm by a microplate reader (Mo-
lecular Devices, Shanghai, China). 

Terminal Deoxynucleotidyl 
Transferase-Mediated dUTP Nick 
End Labeling (TUNEL) Assay

The in-situ apoptosis detection kits were used 
to measure the apoptosis levels of the HTR-8/
Svneo and JAR cells. 4% paraformaldehyde was 
used to fix the cells, and 0.1% Triton X-100 was 
used to permeabilize the cellular membranes. 
After that, the cells were incubated in TUNEL 
mixture at 37°C for 1hour, and DAPI was used 
for the counterstain of nuclei. An immunofluo-
rescent microscopy (Olympus FV1000, Tokyo, 
Japan) was used to observe the apoptosis level 
of the cells. TUNEL positive cells in 6 randomly 
selected fields were counted.

Dual-Luciferase Reporter Gene Assay
The DNA fragment of CEMIP containing 

the wild-type (CEMIP-wt) and mutant 3’-UTR 
of CEMIP (CEMIP-mut) were linked into the 
pmirGLO Luciferase reporter vectors (Promega, 
Madison, WI, USA). After that, the vectors of 
CEMIP-wt and CEMIP-mut were co-transfected 
into HTR-8/SVneo cells, along with miR-296-3p 
mimic or miR-NC, respectively. The Luciferase 
activities of the cells were observed by a dual-lu-
ciferase reporter assay system. 

Statistical Analysis
All the experiments were performed at least 

three times, independently. The data were ana-
lyzed by SPSS 20.0, and the figures were chart-
ed by GraphPad Prism 8.0. Chi-squared test or 
ANOVA with Tukey’s post hoc-test was used 
to calculate the difference between the groups. 
p<0.05 means that the significant difference ex-
ists in two groups.

Results 

MiR-296-3p Was Upregulated in 
the Placentas of the Patients with PE

The expression levels of miR-296-3p in the 
placentas of normal participators and the patients 
with PE were observed by qRT-PCR. The results 
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showed that miR-296-3p was significant over-
expressed in the tissues of the patients, which 
suggested that miR-296-3p was related with the 
development of PE (Figure 1. p<0.05).

MiR-296-3p Could Inhibit the 
Proliferation of HTR-8/Svneo and 
JAR Cells  

To make sure the functions of miR-296-3p in 
the progression of PE, miR-296-3p mimics were 
transfected into HTR-8/Svneo and JAR cells, 
and the proliferation ability of the cells was ob-
served by CCK-8 and TUNEL staining assays. 
The results indicated that the miR-296-3p sig-
nificantly suppressed the proliferation of HTR-8/
Svneo and JAR cells, and the apoptosis level of 
the cells notably increased when miR-296-3p 
mimics were transfected into the cells (Figure 2 
AD, p<0.05).

MiR-296-3p Could Promote the 
Invasion and Migration of HTR-8/Svneo 
and JAR Cells   

To confirm whether miR-296-3p promotes the 
progression of PE via inhibiting the invasion and 
migration of the trophoblast cells, the transwell 
assay was used to observe the effects of miR-296-
3p on invasion and migration abilities of HTR-8/
Svneo and JAR cells. The results showed that 
miR-296-3p significantly impaired the invasion 
and migration abilities of HTR-8/Svneo and JAR 
cells, which suggested miR-296-3p as a promoter 
of the PE (Figure 3. A-D, p<0.05).

Figure 2. MiR-296-3p inhibited the proliferation of the the trophoblast cells. A-B, The CCK-8 values of HTR-8/Svneo and 
JAR cells affected by increased miR-296-3p. C-D, The apoptosis levels of HTR-8/Svneo and JAR cells affected by increased 
miR-296-3p (Scale=5 μm). 

Figure 1. MiR-296-3p was upregulated in the placentas of 
the patients with PE.
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MiR-296-3p Was an Upstream Factor of 
CEMIP and Could Directly Targeted the 
3’-UTR of CEMIP 

To explore the regulation mechanism of miR-
296-3p on PE, the miRwalk, a database for poten-
tial target prediction of miRNAs, was used to find 
the downstream factors of miR-296-3p. The re-
sults indicated that CEMIP was a possible target 
which had low binding energy with miR-296-3p. 
To further validate the accuracy of the prediction 
result, the vectors of CEMIP-wt and CEMIP-mut 
were transfected into HTR-8/Svneo cells with the 
miR-NC or miR-296-3p mimics, respectively. It 
was found that miR-296-3p could decrease the 
luciferase activity of CEMIP-wt rather than that 
of CEMIP-mut (Figure 4. A, p<0.05). Besides, 
the downregulated CEMIP was also observed in 
pathological tissues of PE-patients (Figure 4. B, 
p<0.05).

CEMIP Reversed the Downregulated 
β-Catenin and p-AKT Induced by 
MiR-296-3p Overexpression in 
HTR-8/Svneo Cells

To further illustrate the relationship between 
miR-296-3p and CEMIP, the miR-296-3p mim-
ics and CEMIP overexpressed vectors were 

co-transfected into HTR-8/Svneo cells, and the 
expression levels of β-catenin and p-AKT were 
measured by Western blot. In results, the expres-
sion level of β-catenin and p-AKT decreased 
significantly when miR-296-3p mimics were 
transfected into HTR-8/Svneo cells, while the 
expression levels of β-catenin and p-AKT were 
reversed in the cells transfecting with CEMIP 
overexpressed vectors together (Figure 4 DH, 
p<0.05). 

CEMIP Reversed the Weakened 
Abilities of the Trophoblast Cells 
Induced by Upregulated MiR-296-3p 

To prove whether CEMIP could reverse 
the weakened abilities of HTR-8/Svneo cells 
induced by upregulated miR-296-3p, the miR-
296-3p mimics and CEMIP overexpressed 
vectors were co-transfected into HTR-8/Sv-
neo cells, and the CCK-8 and transwell assay 
were used to observe the changes in the pro-
liferation, invasion and migration of the cells. 
In results, the weakened proliferation, inva-
sion and migration abilities of HTR-8/Svneo 
cells induced by upregulated miR-296-3p was 
reversed by overexpressed CEMIP (Figure 5. 
A-D, p<0.05). 

Figure 3.  MiR-296-3p inhibited the invasion and migration of the the trophoblast cells. A-B, The invasion number of HTR-8/
Svneo and JAR cells affected by increased miR-296-3p. C-D, The migration number of HTR-8/Svneo and JAR cells affected 
by increased miR-296-3p (Scale=5 μm). 
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Discussion

PE is a common disease with high morbidity 
and mortality, which has seriously threatened 

the health of the gravidas16. Previous scholars17 
have also indicated that miRNAs in cytoplasm 
could affect cellular biological phenotypes via 
sponging various genes to further take part 

Figure 4. MiR-296-3p directly targeted the 3’-UTR of CEMIP, and decreased expression levels of CEMIP, β-catenin and 
p-AKT induced bymiR-296-3p upregulation could be reversed by CEMIP. A, The relative Luciferase activities of CEMIP-wt 
and CEMIP-mut were tested by Dual-Luciferase reporter assay. B-C, The relative protein expression level of CEMIP in the 
tissues was measured by Western blot. E, Relative expression level of miR-296-3p was measured by qRT-PCR. D, F, G, and H, 
The relative protein expression levels of CEMIP, β-catenin and p-AKT in the HTR-8/Svneo were measured by Western blot. 
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in the development and progression of PE. A 
study18 has indicated that miR-296-3p was upreg-
ulated in the placentas of the patients with PE. 
Therefore, this study focused on the relationship 
between miR-296-3p and PE. We demonstrated 
that miR-296-3p did is significantly upregulated 
in placental tissues of patients with PE, and 
upregulated miR-296-3p could promote the pro-
liferation, invasion and migration abilities of the 
trophoblast cells. Besides, we also found that 
CEMIP is a target of miR-296-3p, and it could 
activate Wnt/β-catenin and PI3K/AKT pathways 
to reverse the effects of miR-296-3p on tropho-
blast cells. Those observations suggests that 
miR-296-3p could inactivate Wnt/β-catenin and 
PI3K/AKT pathways to promote the progression 
of PE via targeting CEMIP.

The dysfunction of miRNAs plays different 
roles in many diseases, ranging from multiple 
pregnancy diseases to cancers, and the differ-
ent profiles of the miRNAs has also been found 

in PE and normal pregnant women19. Several 
studies20,21 have indicated that miR-296-3p is 
significantly upregulated in the serum and pla-
centas of the patients with PE. In this study, 
we also found that miR-296-3p was at higher 
expression level in pathological tissues than 
that in normal tissues. MiR-296-3p has been 
widely accepted as a tumor suppressor, which 
could inhibit the proliferation, invasion and 
migration of multiple cancers. In fact, miR-
296-3p is downregulated in lung cancer cells, 
while increased miR-296-3p could inhibit the 
proliferation and invasion of tumor cells via 
targeting the RABL322. However, few studies 
have revealed the functions of miR-296-3p in 
PE. The weakened ability of the trophoblast 
cells contributes to failed invasion and remod-
eling of cytotrophoblasts to the spiral arteries, 
which further induced the formation of PE23. 
In normal trophoblast cells, the impaired pro-
liferation, invasion and migration abilities of 

Figure 5. Weakened proliferation, invasion and migration abilities of HTR-8/Svneo cells induced by miR-296-3p upregulation 
could be reversed by CEMIP. A, The proliferation ability of HTR-8/Svneo cells was observed by CCK-8 assay. B-C, and D, 
The invasion and migration abilities of HTR-8/Svneo cells were observed by transwell assay (Scale=5 μm). 
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the cells was also observed when we knocked 
down the miR-296-3p24. Therefore, it suggests 
that increased miR-296-3p is one reason of phe-
notypic changes of trophoblast cells.  

CEMIP is a novel metastatic promoter and 
can enhance the migration ability of osteoblastic 
stem cells. Besides, being upregulated in many 
cancers, CEMIP has been found to result in 
the migration and invasion of some tumor cells 
with higher malignancy25. Zhao et al26 proved 
that CEMIP was significantly upregulated in 
colorectal cancer, and it could increase the phos-
phatase activity of phosphatase 2A (PP2A), and 
further induce the dephosphorylation progres-
sion to decreases the stability of Stathmin which 
could inhibit the progression of the cancer. How-
ever, it has been previously illustrated the func-
tions of CEMIP in PE. In this study, we suggest 
CEMIP as a key factor involving the formation 
of PE, and the overexpressed CEMIP was also 
observed in the placental tissues of the patients 
with PE. The study has indicated that CEMIP 
upregulation could reduce the apoptosis level of 
nucleus pulposus cells, and increased CEMIP 
can promote the proliferation and migration of 
nucleus pulposus cells27. Besides, we also found 
that CEMIP was a downstream target of miR-
296-3p, and increased CEMIP could reverse the 
weakened proliferation, invasion and migration 
abilities of the trophoblast cells, which suggests 
that increased miR-296-3p contributes the de-
velopment and progression of PE. The formation 
of PE is related with the changes of multiple 
signal pathways which further affect the cellu-
lar phenotypic functions. Xu et al28 found that 
decreased lysyl oxidase-like protein 2 could 
activate the TGF-β pathway to inhibit the inva-
sion and migration of the trophoblast cells. In 
this study, reduced activities of the Wnt/β-cat-
enin and PI3K/AKT pathways in normal tro-
phoblast cells were observed when miR-296-3p 
was overexpressed, while the phenomena could 
be reversed by increased CEMIP. MiR-296-3p 
could be as an anti-tumor factor to restrict the 
invasion and migration of breast cancer via tar-
geting FGFR1 and Wnt/β-catenin and inhibit the 
progression of nasopharyngeal carcinoma cells 
via regulating the PI3K/AKT pathway29,30. More-
over, CEMIP has also been found to promote the 
deterioration of tumor cells via enhancing the 
activities of the Wnt/β-catenin and PI3K/AKT 
pathways31,32. Although we have explained the 
regulation mechanisms of miR-269-3p in PE, it 
is necessary that more credible evidence of the 

axes, including miR-296-3p/CEMIP/Wnt/β-cat-
enin and miR-296-3p/CEMIP/PI3K/AKT in PE 
should be obtained from in vivo animal models 
experiments.

Conclusions

In summary, it suggests that miR-296-3p could 
inactivate the Wnt/β-catenin and PI3K/AKT path-
ways to promote the formation and development 
of PE via targeting CEMIP.
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