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Abstract. – OBJECTIVE: To investigate the 
influence of micro ribonucleic acid 200c (miR-
200c) on the apoptosis of placental trophoblasts 
in a rat model of preeclampsia (PE). 

MATERIALS AND METHODS: PE model in 
rats was established for extracting placental 
trophoblasts. Overexpression or knockdown of 
miR-200c was achieved by transfection of miR-
200c mimics or inhibitor. Flow cytometry was 
carried out to detect the apoptotic rate of pla-
cental trophoblasts. Dual-luciferase reporter 
gene assay was performed to detect the inter-
action of miR-200c with WNT1. Western blotting 
was applied to determine the changes of protein 
levels in placental trophoblasts. 

RESULTS: The expression level of miR-200c 
in placental trophoblasts of PE group was sig-
nificantly higher than that in control group. The 
apoptosis rate was (22.45 ± 2.62)%, (6.58 ± 
1.28)%, and (9.57 ± 1.35)% in miR-200c mim-
ic group, miR-200c inhibitor group, and con-
trol group, respectively, showing statistically 
significant differences. MiR-200c overexpres-
sion downregulated the expression level of an-
ti-apoptotic protein B-cell lymphoma 2 (Bcl-
2), but upregulated expression levels of apop-
totic proteins Bcl-2-associated X protein (Bax) 
and active Caspase-3. MiR-200c suppressed 
WNT1 expression through the interaction with 
the 3’-untranslated region (3’-UTR) of WNT1. 
The expressions of WNT1 and β-catenin were 
up-regulated after miR-200c overexpression, 
which was reversed by the Wnt/β-catenin path-
way activator. 

CONCLUSIONS: MiR-200c is involved in the 
development and progression of PE through the 
Wnt/β-catenin signaling pathway.
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Introduction

The normal function of fetal trophoblasts is the 
most important part for a successful pregnancy. 
Preeclampsia (PE) is a pregnancy-specific disease 
that is usually associated with poor reconstruc-
tion of spiral arteries and hypoxia of the placenta 
due to excessive apoptosis of trophoblasts and 
infiltration of supertrophoblasts1,2. PE, character-
ized by new hypertension and proteinuria, is the 
main cause of maternal and perinatal morbidity 
and mortality3. Phipps et al4 has found that many 
mechanisms are involved in the development and 
progression of PE. However, the precise molecu-
lar pathogenesis of PE is unknown. Recent stud-
ies5-8 have reported that micro ribonucleic acids 
(miRNAs) participate in the regulation of prolif-
eration, apoptosis, migration, and invasion of tro-
phoblasts. Therefore, clarification of the miRNA 
roles in regulating the behaviors of trophoblasts 
may help to elucidate the development of nov-
el biomarkers for PE diagnosis and therapeutic 
goals. Genetic and epigenetic changes involved 
in the behaviors of trophoblasts are conducive to 
the development of novel therapeutic targets for 
the treatment of PE.

MiRNAs are conserved, non-coding RNAs that 
regulate gene expressions through post-transcrip-
tional repression. Mature miRNAs consisting of 
21-25 nucleotides can bind to the 3’-untranslated 
region (3’-UTR) of the target messenger RNA 
(mRNA) in the manner of base pairing, resulting 
in instability, degradation, and translational in-
hibition of mRNA. Moreover, miRNAs are able 
to regulate various cellular processes involving 
in the normal development and disease onset by 
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targeting and modulating target genes. Increasing 
evidence has manifested that many miRNAs are 
expressed in human placental trophoblasts.

Wnt signaling pathway is an important path-
way in regulating the proliferation, migration, 
and apoptosis of cells. More than 30 years ago, 
Nusse et al9 identified that Wnt regulates tum-
origenesis in mice. Several studies have shown 
that the Wnt signaling pathway can lead to vari-
ous human diseases, including birth defects and 
cancers. A previous research10 confirmed that the 
expression level of Wnt2 declines in the placenta 
of PE patients. However, we still need to investi-
gate the abnormal activation of the Wnt/β-catenin 
signaling pathway in PE.

It is reported that miR-200 is an important 
regulator for various diseases. However, wheth-
er miR-200c is involved in the pathogenesis of 
PE and the regulation of trophoblast behaviors 
remains unknown. Hence, we aim to investi-
gate the potential role of miR-200c in PE. This 
work indicated that miR-200c expression was 
significantly elevated in placental tissues of PE 
rats, and in vitro experiments revealed that miR-
200c could regulate the apoptosis of trophoblasts. 
This investigation suggested that the miR-200c/
Wnt/β-catenin axis may play an important role in 
the pathogenesis of PE by regulating trophoblast 
apoptosis.

Materials and Methods

Establishment of PE Model in Rats 
One female rat and one male rat were ran-

domly selected and placed in the same cage. 
At 5-6 p.m., female and male rats were raised 
in single tailor-made cages, respectively. On 
the next day, the vaginal plug was inspected, 
and sperm in the vaginal secretions of female 
rats was observed using a microscope. If both 
results were positive, the day was recorded as 
the first day of pregnancy. From the 13th day 
of pregnancy, rats in PE group were subcuta-
neously injected with 125 mg/(kg·d) chronic 
nitric oxide synthase inhibitor [L-nitroso-ar-
ginine methyl ester (L-NAME)] to establish 
PE model in rats14. After that, blood pressure 
was measured via a non-invasive rat tail artery 
blood pressure measurement system. An auto-
matic protein analyzer was employed to detect 
24 h-urine protein. Blood pressure increased by 
20 mm Hg (over 115 mm Hg) after L-NAME 
injection, and urine protein ≥ (+) indicated the 

successful establishment of the PE model in 
rats. This study was approved by the Animal 
Ethics Committee of Jining No. 1 People’s Hos-
pital Animal Center.

Cell Transfection
MiR-200c/negative control (NC) mimic and 

miR-200c/NC inhibitor were synthesized by Ge-
nePharma (Shanghai, China). Cell transfection 
was carried out using Lipofectamine 2000 (Ther-
mo Fisher Scientific, Waltham, MA, USA) ac-
cording to the manufacturer’s protocol.

Reverse Transcription-Polymerase 
Chain Reaction (RT-PCR)

Total RNA was extracted using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA). Differ-
ently-treated cells were collected for extracting 
total RNA. Next, 1 μL RNA solution was taken 
for detecting its concentration and purity on a 
microplate reader. The ratio of optical density at 
260 and 280 nm (OD260/OD280) of RNA sample 
between 1.6-1.8 was considered to be qualified. 
The remaining RNA solution was sub-packaged 
and stored at -80°C for later use.

Complementary deoxyribonucleic acid (cD-
NA) was synthesized using a PrimeScriptTM 
Kit (TaKaRa Bio Inc., Otsu, Shiga, Japan) in 
accordance with the instructions for specific 
operating procedures. Firstly, RNA with a total 
mass of 2 μg was added. The volume of RNA 
added was calculated according to the respec-
tive concentrations. 1 μL Oligo (dT) primer 
(50 μM), 1 μL dNTP Mixture (10 mM), and 
sufficient nuclease-free double distilled water 
were prepared for the reaction system, with a 
total volume of 10 μL. The reaction system was 
gently mixed, heated using a PCR instrument 
at 65°C for 5 min and transferred onto the ice 
for rapid cooling. Then, 4 μL 5× PrimeScript 
Buffer, 1 μL PrimeScript RTase, 0.5 μL RNase 
inhibitor, and 4.5 μL nuclease-free water were 
added to the above reaction system, in a total 
of 20 μL. They were mixed evenly and heated 
at 42°C for 45 min and then at 95°C for 5 min 
using the PCR instrument. Lastly, the mixture 
was transferred onto the ice for rapid cooling, 
so that single-stranded complementary deoxy-
ribose nucleic acid (cDNA) was synthesized 
and then stored at -20°C for later PCR amplifi-
cation reaction. Primer sequences used in this 
study were as follows: WNT1, F: 5’-CCAGGAA-
CAACTCCTTACTC-3’, R: 5’-GCTAGCCTGT-
GTCCGAAGGA-3’; miR-200c, F: 5’-CCTAT-
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GTAAACAGCCTCGACTG-3’, R: 5’-CTGG-
CGTATCGTGAGTCG-3’; U6: F: 5’-GCTTC-
GGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, 
R: 5’-ATCCGTTGACTCCGACCTTCAC-3’. 

Detection of Apoptosis Via 
Flow Cytometry

Culture medium was collected into a cen-
trifuge tube, and cells were washed twice with 
phosphate-buffered saline (PBS) and collected. 
Next, cells were appropriately digested with 
trypsin, which was terminated by the collected 
culture medium. After that, cells were pipetted, 
collected into centrifuge tubes, and centrifuged 
at 1,000 rpm for 5 min. Thereafter, the superna-
tant was discarded, and cells were re-suspended 
by adding 1 mL pre-cooled PBS solution and 
centrifuged at 1,000 rpm for 5 min. Cells were 
then transferred to a 1.5 mL Eppendorf (EP) tube 
and washed once with PBS solution. Then, apop-
tosis of cells in each group was detected using 
an Annexin V-fluorescein isothiocyanate (FITC) 
Apoptosis Kit (BD, San Jose, CA, USA). Each 
sample was added with 0.5 mL freshly-prepared 
staining buffer solution, 5 μL Annexin V-FITC 
and 5 μL propidium iodide (PI), mixed gently and 
incubated in the dark at room temperature for 15 
min. Next, a flow cytometer was used to measure 
the spectrophotometric value of each group of 
cells at the excitation wavelength within 1 h. The 
assay was repeated for 3 times. 

Western Blotting
A bicinchoninic acid (BCA) protein concen-

tration assay kit (Beyotime, Shanghai, China) 
was utilized to determine protein concentration. 
40 μg total protein was separated by sodi-
um dodecyl sulphate (SDS)-polyacrylamide gel 
electrophoresis and transferred onto a polyvi-
nylidene difluoride (PVDF) membrane (Milli-
pore, Billerica, MA, USA). After blockage in 
5% skim milk, membranes were incubated with 
primary antibody (1:2000; Abcam, Cambridge, 
UK) at 4°C and the corresponding horseradish 
peroxidase-labeled secondary antibody (1:1000; 
Beyotime, Shanghai, China) at room tempera-
ture for 1 h. Band exposure was developed 
using a chemiluminescence imaging analysis 
system. Lastly, ImageJ and other image analysis 
software were applied for gray value calculation 
of bands on developed images and statistical 
analysis.

Dual-Luciferase Reporter Gene Assay
Cells were digested, inoculated (appropriate 

cells were selected according to specific assays) 
in a 35 mm cell culture dish, and cultured in a sat-
urated incubator at 37°C and 5% CO2 overnight. 
When the cell density reached 70%, cells were 
co-transfected with Luciferase reporter plasmid, 
LacZ expression plasmid, and other plasmids for 
24-36 h. Cells were washed with pre-cooled PBS 
(containing no calcium and magnesium ions) and 
lysed in 350 μL pre-cooled harvest buffer at 4°C 
or on ice for 10 min. During cell lysis, sufficient 
1.5 mL microcentrifuge tubes were prepared, and 
adenosine triphosphate (ATP) buffer and luciferin 
buffer were mixed at a ratio of 1:3.6 to prepare in-
to a reaction solution that was dispensed (100 μL/
tube) (Cytoskeleton, Denver, CO, USA). There-
after, an equal volume of cell lysis solution (100 
μL) was sequentially applied in centrifuge tubes 
and mixed rapidly. OD value was read using a 
Luminometer. Lastly, figures were plotted based 
on corrected readings, and data were analyzed.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM, Armonk, NY, USA) 
was used for statistical analysis. The t-test was 
used for the differences between the two groups, 
and one-way analysis of variance was applied for 
differences among groups followed by Post Hoc 
Test (Least Significant Difference). For all tests, 
the two-sided 95% confidence interval (CI) was 
used, and p<0.05 suggested that the difference 
was statistically significant.

Results

Expression of MiR-200c in Models of 
PE and Normal Pregnancy

The qRT-PCR was performed to measure the 
expression level of miR-200c in placental tropho-
blasts extracted from PE rats. The results showed 
that the expression level of miR-200c in PE group 
was overtly higher than that in control group 
(p<0.01) (Figure 1).

Results of Cell Transfection
The relative expression level of miR-200c 

in placental trophoblasts transfected with miR-
200c/NC mimic or miR-200c/NC inhibitor was 
measured via qRT-PCR. Cells transfected for 
48 h were collected for the measurement. It was 
found that the expression level after transfection 
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with miR-200c mimic increased, while it de-
creased after transfection with miR-200c inhibi-
tor (p<0.01) (Figure 2).

Apoptosis Detected
Rat placental trophoblasts were transfected 

with miR-200c mimic or miR-200c inhibitor, 
respectively, and then, the apoptotic rate of cells 
was detected using the flow cytometer. The re-
sults revealed that the apoptotic rate of cells 
was (22.45 ± 2.62)%, (6.58 ± 1.28)%, and (9.57 
± 1.35)% in miR-200c mimic group, miR-200c 

inhibitor group, and control group, respectively, 
and the differences were statistically significant 
(p<0.05) (Figure 3A-3C).

The Western blotting assay was conducted to 
detect apoptosis-related proteins in each group of 
cells. It was discovered that miR-200c treatment 
up-regulated expression levels of the apoptotic 
proteins Bax and active caspase-3, but down-reg-
ulated the expression level of the anti-apoptotic 
protein Bcl-2 (Figure 3D).

Results of Dual Luciferase Reporter 
Gene Assay

In this study, bioinformatics analysis was em-
ployed to examine the predicted targets of miR-
200c, and the results showed that the 3’UTR of 
WNT1 was highly-conserved to bind to miR-200c 
(Figure 4A). Based on results of dual-luciferase 
reporter gene assay, it was found that transfection 
of miR-200c significantly inhibited the relative lu-
ciferase activity in cells, suggesting that miR-200c 
suppressed WNT1 expression by interacting with 
the 3’-UTR of WNT1 (Figure 4B).

MiR-200c Over-Expression 
Inhibited the Wnt/β-Catenin 
Signal Transduction Pathway

Over-expression of miR-200c markedly low-
ered mRNA and protein expressions of WNT1 
in cells (Figure 5). After 48 h of transfection 
with miR-200c mimic, expressions of WNT1 
and β-catenin were statistically different among 
different groups. Compared with those in control 
group, expressions of WNT1 and β-catenin in-
creased after over-expression of miR-200c, which 
were reversed by the Wnt/β-catenin pathway acti-
vator (Figure 6).

Discussion

PE is the primary cause of maternal and peri-
natal morbidity and mortality in developing 
countries. To reduce the risk of PE, determining 
its pathogenesis is the most important task. Its 
exact molecular mechanisms are unclear, but en-
dothelial cell dysfunction, maternal-fetal immune 
balance disturbance, inflammation, and abnormal 
vascular recasting are believed to be associated 
with PE11,12. There is a large number of placen-
tal-inducing factors are related to PE, including 
shallow placenta accreta, trophoblast prolifera-
tion, and apoptosis imbalance13. A better under-
standing of the nature of the placenta can help to 

Figure 1. Expression of miR-200c in models of PE and 
normal pregnancy: The expression level in PE group is 
evidently higher than that in control group (p<0.01).

Figure 2. Expression level of miR-200c after different 
treatments through qRT-PCR: The expression level after 
transfection with miR-200c mimic is higher than that after 
transfection with miR-200c inhibitor (p<0.01).
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determine the factors resulting in PE. Currently, 
it is believed that the following factors are crucial 
for the development of PE, including disorder of 
trophoblastic differentiation, hypoxia-ischemia of 
the placenta, and degree of trophoblast-induced 
uterine artery transformation.

Trophoblasts are highly-specialized cells, of 
which the growth rate is faster than that of normal 
cells. Moreover, they can migrate and invade into 
the maternal myometrium, which is similar to the 
invading process of tumor cells into surrounding 
tissues. However, the migration of trophoblasts is 
strictly controlled by the body in both time and 
space, which is fundamentally different from the 
migration of tumor cells. There are two types of 
trophoblasts: cytotrophoblasts (CTBs) and STs. 
With further in-depth research, it is possible to 
artificially synthesize CTB membrane fragments 
to inhibit lymphocyte proliferation, leading to 
apoptosis of T lymphocytes, impairment of the 
formation of endothelial monolayer cells, thus 
participating in the pathogenesis of PE. CTBs 
are generally believed to be conducive to PE. In 
a normal pregnancy, the Sertoli cell matrix of 
the spiral artery is converted into large-volume 
and low-resistance blood vessel during the for-
mation of the placenta, which ensures sufficient 
nutrition and oxygen requirements to the fetus. 
Abnormal differentiation of Sertoli cells inter-
feres with its function, damages the migration 
ability of trophoblasts, and causes disturbance of 

Figure 3. Apoptosis rate detected via flow cytometry. A, Apoptosis rate of cells in miR-200c mimic group [(22.45 ± 2.62) %]. 
B, Apoptosis rate of cells in miR-200c inhibitor group [(6.58 ± 1.28) %]. C, Apoptosis rate of cells in control group [(9.57 ± 
1.35) %]. D, Expressions of apoptosis-related proteins detected through Western blotting. Transfection with miR-200c mimic 
leads to increased expressions of Bax and active caspase-3 and reduced expression of Bcl-2.

Figure 4. A, Direction targeting of miR-200c to the 3’-
UTR of WNT1: the predicted binding site of miR-200c and 
3’-UTR in WNT1. B, Interaction of miR-200c with WNT1 
determined via luciferase reporter gene assay.
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myometrial invasion. These pathological lesions 
result in shallow placenta accreta and placental 
ischemia-hypoxia, eventually inducing PE.

Some studies have reported that many sig-
naling pathways are involved in the regulation 
of the differentiation, apoptosis, and invasion of 
trophoblasts. Advances in understanding normal 
trophoblasts reveal some unique biological prop-
erties that are more similar to malignant tumors. 

The activation of the Wnt/β-catenin signaling 
pathway promotes the apoptosis of tumor cells.

It has been found that Wnt signaling compo-
nents participate in the pathogenesis of various 
diseases, including pregnancy diseases. Abnor-
mal Wnt signals may give rise to abnormal inva-
sion and differentiation of CHM. It is discovered 
that APC and sFRP2 genes are hypermethylated 
in choriocarcinoma cells, implying that the in-
activation of Wnt signaling may play a major 
role in the pathogenesis of trophoblastic cancer 
cells14. It is well known that the rapid production 
of several trophoblastic subtypes contributes to 
the development of mouse and human placenta15. 
The maternal uterus is then reconstituted, includ-
ing stromal cell differentiation, angiogenesis, and 
immune changes. These key processes begin in 
the secretory phase of the menstrual cycle and 
the early stage of implantation and placental 
development16. Furthermore, Wnt signal plays a 
key role in organ development and tissue homeo-
stasis. Therefore, this pathway may also play a 
vital role in the development and differentiation 
of trophoblasts.

Recently, it is found that miRNAs regulate 
the components of the Wnt signaling pathway. 
In this study, it was discovered for the first time 
that the expression level of miR-200c in placental 
trophoblasts in PE rats was higher than that in 
normal pregnant rats. Further cytological experi-
ments showed that the apoptotic rate of placental 
trophoblasts overexpressing miR-200c increased, 
indicating that miR-200c may participate in the 
development of PE by promoting the apoptosis of 
placental trophoblasts. To explore the mechanism 

Figure 5. WNT1 expression down-regulated by miR-200c: both the mRNA and protein expression levels of WNT1 are 
reduced after over-expression of miR-200c.

Figure 6. Cell rescue assay: after transfection with miR-200c 
mimic for 48 h, the expression levels of related downstream 
molecules of the WNT pathway decline, but such a tendency 
is reversed after addition of pathway activator (p<0.05).
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by which miR-200c participates in the apoptosis 
of placental trophoblasts, we found a potential 
binding site of miR-200c to WNT1 through bio-
informatics. Sonderegger et al17 manifested that 
14 Wnt ligands and 8 Fzd receptors are expressed 
in human placenta, further displaying that the 
Wnt-signaling pathway plays a role in the de-
velopment of the placenta. According to many 
reports, Wnt ligands and other Wnt signaling 
components have been detected in the endome-
trium, suggesting that the Wnt pathway may be 
related to multiple biological functions of uterine 
cell types. Similarly, previously Chan et al18 on 
models using different trophoblasts showed that 
the Wnt pathway may be closely correlated with 
the implantation and differentiation of tropho-
blasts, which is in line with our results.

Wnt signal plays a vital role in the early devel-
opment of trophoblasts. Treatment of embryonic 
stem cells with Wnt3a induces the formation of 
trophectoderm stem cells that can differentiate 
into spongy trophoblasts19. Moreover, some in-
vestigations have proved that the Wnt signal plays 
a role in the development of extraembryonic tis-
sues, especially placental vascularization20. Fur-
thermore, the Wnt signal plays a part in tropho-
blast differentiation. In addition, the Wnt signal is 
conducive to the invasion of the trophoblast. The 
Wnt/β-catenin signaling pathway may result in 
diseases such as trophoblastic choriocarcinoma.

Conclusions

We reported for the first time that WNT1 is 
targeted and regulated by miR-200c, and the 
regulatory mechanism of miR-200c expression 
in the development of PE is revealed. These 
conclusions explain the molecular pathogenesis 
of PE. MiR-200c targeting to the Wnt/β-catenin 
signaling pathway may be potentially applied in 
the treatment of PE.
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