
Expression and significance of microRNA-126
and VCAM-1 in placental tissues of women
with early-onset preeclampsia

Beibei Liu , Ling Liu, Shihong Cui, Yue Qi and Tiantian Wang
Department of Obstetrics and Gynecology, The Third Affiliated Hospital of Zhengzhou University, Zhengzhou, China

Abstract

Objective: To investigate the expression of microRNA-126 (miR-126) and vascular endothelial cell adhesion
molecule-1 (VCAM-1) in the placental tissues of women with early-onset preeclampsia (EOPE) and their
effects on trophoblast invasion.
Materials and Methods: The placental tissues of 30 pregnant women with EOPE who delivered in the Third
Affiliated Hospital of Zhengzhou University from November 2019 to May 2020 were selected as the pre-
eclampsia (PE) group, and the placental tissues of 30 healthy pregnant women with normal prenatal exami-
nation were selected as the normal group. Immunohistochemistry was used to localize VCAM-1 in placental
tissues，the expression of miR-126 and VCAM-1 in placenta tissues of two groups and HTR-8/SVneo cells
transfected with miR-126 were detected by real-time polymerase chain reaction (RT-PCR) and Western blot,
and the correlation between them was analyzed. The invasion ability of cells transfected with miR-126 was
observed by Transwell invasion test.
Results: Compared with the normal group, the expression of miR-126 was higher and VCAM-1 was lower
in the placental tissues of the PE group, and the difference were statistically significant (p < 0.01). Moreover,
VCAM-1 was negatively correlated with the expression of miR-126 (r = −0.391, p < 0.05). In vitro
experiment, the expression level of VCAM-1 in miR-126 mimics transfection group was decreased, and the
expression level of VCAM-1 in miR-126 inhibitor transfection group was increased; the invasion ability of
HTR-8/SVneo cells transfected with miR-126 mimics was decreased, and the invasion ability of HTR-8/SVneo
cells transfected with miR-126 inhibitor was enhanced.
Conclusion: There was a negative correlation between the expression of miR-126 and VCAM-1 in EOPE.
MiR-126 and VCAM-1 may participate in the occurrence and development of EOPE by affecting the invasion
ability of trophoblast cells.
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Introduction

Preeclampsia (PE) is a new onset of idiopathic hyperten-
sion syndrome after 20 weeks of gestation, which
greatly affects and damages the health and life safety of

mothers and infants, and can lead to 10%–15% maternal
death.1 In developing countries，its incidence rate is
4%–18%, and it is the second leading cause of stillbirth
and premature infant death,2resulting in 50 000–60 000
deaths every year.3According to its onset, time can be
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divided into early onset PE (EOPE,<34 weeks) and late
onset PE (LOPE， ≥34 weeks). Clinical studies have
shown that early-onset PE has a higher risk of maternal
health and fetal life than later-onset PE.4At present, it is
generally believed that placental shallow implantation
caused by insufficient invasion of trophoblast and
incomplete placental vascular remodeling plays a very
important role in the pathogenesis of EOPE. In this
study, we mainly explored the pathogenesis of early-
onset PE.
MicroRNAs (miRNAs) are a class of small noncod-

ing single stranded RNAs with a length of about
20–24 nucleotides in eukaryotes. They are highly con-
served and stable in the evolution process. They regu-
late the expression of target genes by binding with
30-UTR of target gene mRNA, resulting in target gene
degradation or inhibition of their translation, thus,
playing an important role in gene expression regula-
tion.5 At present, at least 500 different miRNAs are
known to be expressed in placental trophoblast cells,
but the biological significance of most miRNAs is still
unclear.6 Recent studies have shown that the disorder
of miRNA in placental tissues is related to the patho-
genesis of PE.7,8 Human miR-126 gene is located in
the intron 7 region of epidermal growth factor like
factor 7 (EGFL-7),9 while studies have found that
EGFL-7 expression sites exist in trophoblast cell line-
ages.10 Sharma et al.11 used in situ hybridization
using a miR-126-specific locked nucleic acid (LNA)
probe and found that miR-126 was expressed in pla-
cental trophoblast cells and endothelial cells. Some
studies have reported that miR-126 can affect the sig-
nal transmission of vascular related factors by regulat-
ing its target gene, and then affect the invasion of
trophoblast and repair of damaged blood vessels,
resulting in insufficient blood supply of placental villi,
resulting in reduced placental vascular bed and
maternal fetal interface ischemia and hypoxia. This
may be the mechanism of miR-126 participating in PE
by regulating the function of endothelial cells and
trophoblasts.
VCAM-1 is a member of the immunoglobulin

superfamily, also known as CD106. It is a kind of cell
adhesion molecules (CAM), which can mediate the
adhesion between cells and between cells and stroma.
VCAM-1 can be expressed in the activation of blood
capillary endothelial cell surface, through receptors
with its matching network formation, mediating inter-
cellular adhesion,12 and can also be expressed in
placental villous trophoblasts, which mediates vascu-
lar infiltration of mesenchymal trophoblasts and

completes vascular recasting of placental vascular
bed.13 Biological studies have found that VCAM-1 is
the target gene of miR-126.14 Some studies have indi-
cated that miR-126 can regulate the expression of
VCAM-1 in lung cancer, gestational diabetes mellitus,
atherosclerosis, and other diseases.15–17 Previous stud-
ies have found that miR-126 and VCAM-1 are respec-
tively involved in the occurrence and development of
PE,18–20 however, there is no report on the correlation
between miR-126 and VCAM-1 in PE. In this study,
we detected the expression of miR-126 and VCAM-1
in placental tissue and trophoblast to explore the role
of miR-126 and VCAM-1 in the pathogenesis of early-
onset PE.

Materials and Methods
Study population and groups

We selected 60 cases of puerpera from November
2019 to May 2020 as the research objects. This sample
size was chosen based upon the results of a power
analysis. All puerpera received perinatal care in the
Third Affiliated Hospital of Zhengzhou University
and finally underwent cesarean section. We collected
the placental tissues of these women after delivery as
research materials. Among them, tissues from women
with EOPE were identified as the PE group (PE,
n = 30) and those from healthy women as the normal
group (N,n = 30). The reasons for normal parturients
to choose cesarean section are abnormal fetal position,
pelvic stenosis, or social factors, and so on. Then, we
cultured and transfected HTR-8/SVneo cells to inves-
tigate the functions of miR-126 and VCAM-1 in tro-
phoblast cells. The study was approved by the Ethics
Committee of the Third Affiliated Hospital of Zheng-
zhou University [(2019) Medical Lun Li No. 97].
Signed written informed consents were obtained from
the patients and/or guardians. All pregnant women
were excluded from multiple pregnancy, PE history
or family history, hypertension, chronic hepatitis,
chronic nephritis, diabetes or hereditary thrombotic
tendency. The diagnostic criteria were according to
the International Association for the Study of
Pregnancy-induced Hypertension (ISSHP) 2018.21

Collection of placental tissues

The tissue samples were rapidly collected within
15 min after delivery of the placenta. On the maternal
side, two pieces of placental villi about 1 cm3 in size
was taken (to avoid the organization, calcification,
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hemorrhage lesions, and so on). One piece of the
samples was quickly and repeatedly rinsed with
phosphate-buffered saline (PBS) until no blood
remained, then it was snap-frozen in liquid nitrogen,
and then stored in −80�C refrigerator. The other sam-
ple was fixed with formalin and paraffin-embedded.
All operations were carried out on the ice bucket as
quickly as possible, and the number of repeated
freeze–thaw cycles of the samples was minimized, we
also selected the 4�C to centrifuge the samples to
reduce the degradation of the target RNA.

Cell culture and transfection

The trophoblast HTR-8/SVneo used in this experi-
ment was purchased from the American Type Culture
Collection (ATCC), and the cells were cultured in
RPMI-1640 medium (US Hyclone) containing 10%
fetal bovine serum (US BI) at 37�C and 5% carbon
dioxide. HTR-8/Svneo cells were transfected with
miR-126 mimics/miR-126 mimics NC, miR-126 inhibi-
tor/miR-126 inhibitor NC (BIOFAVOR BIOTECH
Co. Ltd.), respectively. For transfection, logarithmic
cells were pre-inoculated into a 6-well plate at a dose
of 2 × 105 cells/well. The Lipofectamine 3000 (Invi-
trogen) was transfected with isoconcentration
miR-126 mimics, miR-126 inhibitor, and NC, as per
manufacturer’s instructions. After incubation for
4–6 h, the supernatant was replaced with a fresh,
complete medium, and the cells were kept at 37�C
and 5% CO2. After transfection of 48 h, HTR-8/SVneo
cells were collected for the following experiments.

Immunohistochemistry

Placental tissue was routinely dewaxed and hydrated,
washed with PBS for three times, and antigen was
repaired with high temperature and high pressure for
5 min. After natural cooling, the placental tissue was
washed with PBS, incubated at room temperature
with 50 μL of the primary antibodies against VCAM-1
(ab134047,1:1000; Abcam) for 1 h, and incubated at
room temperature with 50 μL of the secondary anti-
bodies (1:15 000; LI-COR) for 15 min. DAB staining,
hematoxylin re-staining, dehydration, transparency,
and sealing were performed. Under the light micro-
scope, the positive cells showed Brown granular
staining in cytoplasm. The typical field of vision was
selected under the microscope, and the image was
processed with image pro 6.0 to calculate the optical
density of the staining area.

Reverse transcription quantitative real-time
polymerase chain reaction

From the placental tissues and cells, RNA was extracted
with TRIzol reagent (Invitrogen) strictly according to the
instructions. The total RNA extracted was synthesized
into cDNAby reverse transcription kit (TOKOBO, Japan),
and then real-time quantitative polymerase chain reaction
(qRT-PCR) (Applied Biosystems; Thermo Fisher Scien-
tific, Inc.) was performed with SYBR premix extaq kit
(TOKOBO) and the ABI 7500 system. All experiments
were carried out as quickly as possible on the ice bucket.
In addition, we minimized the number of times of
repeated freezing and thawing of tissues and selected a
low-temperature centrifuge to reduce the degradation of
RNA. The results were expressed by 2−44ct method. The
primer sequences were synthesized by tsingke Biological
Technology (Zhengzhou) Co., Ltd., according to Gene
Band sequences. The primers of miR-126 and VCAM-1 as
well as the internal reference U6 and GAPDH are shown
as follows:
miR-126 (Forward: 50-CGTCTCGTACCGTGAGTA

AT-30, Reverse: 50-GTGCAGGGTCCGAGGT-30)，VC
AM-1 (Forward: 50-CGTCTCGTACCGTGAGTAAT-30,
Reverse: 50-TCAATGTGTAATTTAGCTCGGCA-30)，U6
(Forward: 50-CTCGCTTCGGCAGCACA-30, Reverse: 50-
AACGCTTCACGAATTTGCGT-30)，GAPDH (For-
ward: 50-GGAGCGAGATCCCTCCAAAAT-30, Reverse:
50-GGCTGTTGTCATACTTCTCATGG-30).

Western blot

The placental tissues and HTR-8/SVneo cells were
treated with RIPA lysis buffer (Solarbio) containing pro-
tease inhibitor to extract the protein. The extracted
proteins were quantified using the BCA protein detec-
tion kit (Pierce, Appleton). Sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) system was
used for proteinelectrophoresis, and the protein on the
gel was transferred to a PVDF membrane under
low-temperature conditions. The PVDF membrane was
incubated at 4�C with the primary antibodies against
VCAM-1 (ab134047,1:1000; Abcam) and GAPDH
(PAB932Hu01;1:2500 cloudclone). After that, the mem-
brane was incubated for 1 h at RT with IRDye800CW-
labeled secondary antibodies (1:15 000; LI-COR).
Imaging was performed using a two-color infrared laser
scanning imaging system (Odyssey, LI-COR).

Cell invasion assay (transwell)

To conduct a cell invasion analysis, Matrigel matrix
solution (BD Biosciences) diluted with 1640 was
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placed in 24-pore Transwell Millipore and incubated
for 37�C until gel was formed. 5 × 104 HTR-8/SVneo
cells were collected, diluted with 200 μL serum-free
medium, and inoculated in the superior ventricle. The
lower chamber was added with 500 μL 15% FBS
medium. After incubation at 37�C for 36 h, the cham-
ber was taken out and washed twice with PBS. The
cells were fixed in methanol for 20 min and stained
with crystal violet. Under the light microscope, the
cells were counted in five random fields with a mag-
nification of 200 times.

Statistical analyses

We used statistical product and service solutions
(SPSS 25.0, IBM, Armonk) statistical software for
data analysis, GraphPad Prism 8.0 (Version X) and
ImageJ (National Institutes of Health) were used for
image editing and results analysis. Count data were
presented as mean ± SE. Between-group differences
were analyzed using Student’s t-test or Nonparamet-
ric test. Spearman’s correlation coefficient was used
to analyze the association between miR-126 expres-
sion and VCAM-1 mRNA levels. I n all analyses,

p<0.05 was used to indicate statistical significance.
(*p < 0.05，**p < 0.01).

Results
Analysis of clinical data of both groups

The average age and times of pregnancy in PE group
were lower than those in normal group, and BMI
before pregnancy was higher than that in normal
group, but the difference was not statistically signifi-
cant (p > 0.05). However, the average gestational
weeks of delivery, neonatal weight, and placental
weight in PE group were lower than those in normal
group (p < 0.01), as shown in Table 1.

Expression levels of miR-126 and VCAM-1
mRNA in the PE and normal group

The expression level of miR-126 in the PE group was
significantly higher than that in the normal group
(Figure 1a). However, the expression level of
VCAM-1 mRNA was significantly lower in placental
tissues from PE group compared with the normal
group(Figure 1b). Both the difference were statistically

Table 1 Clinical characteristics of normal group and preeclampsia (PE) group

Variable N (n = 30) PE (n = 30) t p

Maternal age (year) 32.10 � 4.96 30.77 � 5.75 0.962 >0.05
Number of pregnancies 2.97 � 1.33 2.37 � 1.73 1.507 >0.05
Pre-pregnancy BMI (kg/m2) 23.16 � 3.35 23.57 � 3.09 −0.492 >0.05
Gestational age (weeks) 38.98 � 0.49 36.72 � 2.92 4.166 <0.01
Body weight of infant (g) 3504.33 � 402.04 2637.83 � 850.04 5.047 <0.01
Placental weight (g) 642.67 � 92.47 555.73 � 114.19 3.24 <0.01

Figure 1 Expression of miR-126 and vascular endothelial cell adhesion molecule-1 (VCAM-1) mRNA in the preeclampsia
(PE) and normal group. Results of qRT-PCR reveal that the expression level of miR-126 in the PE group is higher than
that in the normal group (a,**p < 0.01), the relative expression level of VCAM-1 mRNA in the PE group is lower than
that in the normal group (b,**p<0.01), both the difference were statistically significant; correlation between miR-126 and
VCAM-1 mRNA expression levels in placental tissues in patients with PE (c, r = −0.391,*p < 0.05).
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significant (p < 0.01). According to Spearman’s corre-
lation analysis, there was a negative correlation
between the relative expression levels of VCAM-1
mRNA and miR-126 in the PE group (r = −0.391,
p < 0.05;Figure 1c).

Expression levels of VCAM-1 protein in placental
tissues

Immunohistochemical results showed that VCAM-1
was expressed in both normal group and PE group,
and it was mainly expressed in trophoblast cell mem-
brane and cytoplasm (Figure 2a). ImageJ software
image analysis results showed that compared with
the normal group, VCAM-1 expression was signifi-
cantly decreased in the PE group (Figure 2b, p < 0.01).

Western blot results showed that the expression of
VCAM-1 protein in placental tissues of pregnant
women in PE group was significantly lower than that

in normal group (Figure 3a). Gray scanning analysis
showed that the relative gray value of VCAM-1 pro-
tein expression in placental tissues of the PE group
was lower than that of the normal group
(Figure 3b, p < 0.05).

Transfection miR-126

Compared with the miR-126 mimics NC group, after
transfection with miR-126 mimics, the expression
level of VCAM-1 mRNA was significantly decreased
(Figure 4a,b, p < 0.01). We used Image J software to
visualize the gray value of WB band, obtained the rel-
ative expression of VCAM-1 in each group of cells
after transfection, and then analyzed the difference
between the groups with nonparametric test. Com-
pared with the miR-126 inhibitor NC group, the
VCAM-1 protein expression level was significantly

Figure 2 Location analysis of vascular endothelial cell adhesion molecule-1 (VCAM-1) in placental tissues of two
groups，VCAM-1 was expressed in both groups of placental tissues and was mainly localized in the cell membrane
and cytoplasm of trophoblast cells (a). Analysis of optical density values by ImageJ software showed that the expression
of VCAM-1 was different in the two groups, and was lower in the preeclampsia (PE) group than in the Normal group
(b,**p < 0.01)

Figure 3 Expression levels of vascular endothelial cell adhesion molecule-1 (VCAM-1) protein in placental tissues, repre-
sentative Western blot of VCAM-1 protein levels (a), the grayscale scanning analysis of ImageJ software showed that
the expression levels of the two groups were significantly different (b,*p < 0.05)
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Figure 4 The expression of miR-126 and vascular endothelial cell adhesion molecule-1 (VCAM-1) after transfection of
miR-126 mimics or miR-126 inhibitor. PCR results showed the changes of VCAM-1 mRNA expression in HTR-8/SVneo
cells after transfection with miR-126 (a,b,**p < 0.01); comparison of VCAM-1 protein expression levels in HTR-8/SVneo
cell after transfection with miR-126 (c,d,**p < 0.01).The NC is negative control, miR-126 mimics NC and miR-126 inhibi-
tor NC is a negative control group containing a non-specific interference fragment.

Figure 5 Transwell assay results showed the invasion effect of HTR-8/SVneo cells after transfection with miR-126 (a,
magnification: 200). Compared with the NC group, the invasion ability of transfected miR-126 mimics cells was
reduced, while that of transfected miR-126 inhibitor cells was increased (b,**p < 0.01).
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increased in miR-126 inhibitor group, as shown in
(Figure 4c,d p < 0.01).

Effects of transfection miR-126 on invasion of
HTR8/SVneo cells

The results of Transwell invasion assay showed that
compared with the NC group, the number of invasive
cells of HTR-8/SVneo cells was significantly
decreased after transfection of miR-126 mimics，the
opposite was true for transfection with miR-126 inhib-
itor (Figure 5, p < 0.05).

Discussion

EOPE is called “placental origin” disease, the pathogene-
sis mainly consists of inadequate extravilloustrophoblasts
(EVTs) infiltration, obstruction of maternal placenta con-
struction, and vascular recast, which leads to the ischemia
and hypoxia of the mother-fetus interface, triggering a
series of oxidative stress and endoplasmic areolar stress,
and finally affecting the fetal blood supply.22 EOPE has a
negative impact on perinatal maternal and child health as
well as long-term maternal and child disease,23, 24so fur-
ther study of its pathogenesis is worthwhile.

In recent years, studies on early-onset PE have
gradually deepened into the molecular mechanism,
and the role of miRNA in PE cannot be ignored.18, 25

However, the pathway of action of miRNA is still
unclear, so we studied the role of miR-126 and
VCAM-1 in EOPE placental tissues and trophoblast
cells, providing the possibility to elucidate the patho-
genesis and treatment of EOPE.

In this study, comparedwith the normal control group,
the expression level ofmiR-126 in maternal placental tis-
sues of the PE group was higher, and the difference was
statistically significant. It indicated that miR-126 was
involved in the onset of PE, which was consistent with
the microRNA sequencing results of placental tissues of
PE patients byYang et al.19 It was speculated that the high
expression of miR-126 could accelerate the apoptosis of
endothelial cells, resulting in the destruction of vascular
endothelial integrity, structural, and functional damage,
and the increase of vasoconstrictor factors, vascular pres-
sure, and blood pressure, and finally the development of
PE.26 The results of this experiment showed that VCAM-1
was mainly distributed in the cytoplasm and membrane
of trophoblast cells, and the expression level of VCAM-1
in EOPE placental tissues was lower than that in the nor-
mal group, with significant difference (p < 0.01). Correla-
tion analysis showed that miR-126 was negatively

correlated with VCAM-1 in the placental tissues of
patients with PE (R = −0.391, p < 0.05). As an adhesion
molecule, VCAM-1 plays a very important role in the
adhesion process of trophoblast cells, and the change of
biological behavior of trophoblast cells may be related to
the abnormal expression of related genes, leading to pro-
teins ormolecules related to trophoblast cell invasion. Bio-
logical information shows that VCAM-1 is a target
protein of miR-126.14 Kwee et al.27 found that mice with
VCAM-1 deletion had severe defects in placental devel-
opment, leading to death. An appropriate amount of
VCAM-1 can maintain the stable state of blood vessels
and induce and strengthen the infiltration of trophoblast
cells into the decidual layer, muscle layer, and blood ves-
sels, which not only makes the placenta adhere firmly,
but also provides favorable conditions for the exchange of
oxygen and nutrients between mother and fetus. There-
fore, we speculate that the expression ofmiR-126 in EOPE
is negatively correlated with the expression of VCAM-1,
which may reduce the adhesion and transformation
between trophoblast cells and vascular endothelial cells,
myoma uteri, and so on, weaken the invasion ability of
trophoblast cells, make the placental vessels recast defi-
cient and placental shallow implantation, and finally lead
to the occurrence of PE.
Normal invasion of trophoblast cells during preg-

nancy is a key step to ensure adequate blood flow
and nutrient exchange between mother and fetus.
Abnormal invasion of trophoblast cells will lead to
pathological placenta.28 To further confirm the effects
of miR-126 and VCAM-1 on trophoblast cells, we con-
ducted in vitro functional experiments. The results
confirmed that compared with the NC group,
VCAM-1 expression level was decreased in HTR-8/
SVneo cells transfected with miR-126 mimics, and
increased in the miR-126 inhibitor group as shown in
Figure 4. Then, we tested the invasion function of the
transfected cells, and the results showed that miR-126
overexpression could significantly inhibit the invasion
ability of HTR-8/SVneo cells as shown in Figure 5.
Therefore, we hypothesized that miR-126 may be
involved in the occurrence and development of EOPE
by regulating the expression of VCAM-1, thereby
affecting the invasion function of trophoblast cells.
The most effective treatment for EOPE is timely ter-

mination of pregnancy,3 but for EOPE, early termina-
tion of pregnancy increases the risk of neonatal
disease, so finding an effective screening and treat-
ment method is a key and difficult issue for obstetri-
cians. Some studies have found that targeted
knockout of some pathogenic mirnas in patients can
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better improve patient outcomes.29 Therefore, miR-
126 targeted therapy for patients with PE may
become a reality, which will be the content of our
follow-up studies.
In summary, On the one hand, miR-126 over-

expression in EOPE may cause vascular endothelial
injury and damage placental neovascularization by
promoting endothelial cell apoptosis. On the other
hand, VCAM-1 expression may be regulated to inhibit
the invasion function of trophoblast cells, resulting in
uterine vascular recasting disorder, shallow placental
implantation, and participating in the occurrence and
development of PE. This study provides a certain refer-
ence value for the comprehensive understanding of the
role and relationship between miR-126 and VCAM-1，
and provide a new direction for targeted therapy of PE.
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