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INTRODUCTION
Gestational diabetes mellitus (GDM) refers to metabolic 

disorders caused by abnormal glucose metabolism during 
pregnancy, and is one of the common complications of 
pregnancy.1 According to statistics, approximately 15.8% of 
pregnant women worldwide develop GDM.2 As an important 

organ shared by the fetus and the mother during pregnancy, 
the formation and implantation of the placenta mainly 
depends on differentiation and invasive capabilities.3 When 
GDM occurs, high blood sugar induces abnormal 
proliferation or apoptosis of placenta trophoblast cells, 
impairing placental development and causing adverse 
outcomes such as fetal growth restriction, stillbirth and 
neonatal respiratory distress syndrome.4,5 Dysfunction of 
trophoblast cell function has become one of the important 
pathogenic factors in GDM, but how it causes dysfunction 
during the progression of GDM remains unexplained.

Epithelial-mesenchymal transition (EMT) has already 
been determined to be widely involved in various cellular 
pathophysiological processes, including embryonic 
development, tissue repair and cancer metastasis.6,7 More and 
more studies have shown that EMT is pivotal in the process 
of placenta formation. He, et al.8 found that interleukin (IL)-
23 treatment at a high concentration reduced the expression 
of N-cadherin, inhibiting EMT of trophoblast cells, and 

ABSTRACT
Objective • Gestational diabetes mellitus (GDM) is a 
prevalent metabolic disorder caused by abnormal glucose 
metabolism during pregnancy. Trophoblast dysfunction 
induced by hyperglycemia during pregnancy is the main 
factor leading to the development of GDM. In this study, 
we evaluated the expression of miR-942-5p in the placenta 
of patients with GDM and its regulation of trophoblast cell 
biological function. 
Methods • HTR-8/SVneo trophoblast cells were incubated 
with glucose to establish in vitro models, and miR-942-5p 
mimics transfected cells were added. The expression levels 
of miR-942-5p, CCAAT-enhancer-binding protein alpha 
(CEBPA) and N-cadherin in tissues and cells were detected 
by reverse-transcription quantitative polymerase chain 
reaction (RT-qPCR), protein blotting and 
immunohistochemistry (IHC). MTT, flow cytometry and 
Transwell assays were used to determine changes in cell 
proliferation, apoptosis and invasion. Dual-luciferase 
reporter assay and Pearson analysis were used to confirm  

the association between miR-942-5p and CEBPA. 
Results • miR-942-5p and N-cadherin were decreased in 
placental tissue and in human placental trophoblast cells 
(HTR-8/SVneo) exposed to high glucose (HG) conditions, 
while CEBPA was increased in placental tissue and HTR-8/
SVneo exposed to HG conditions. Elevated levels of miR-
942-5p suppressed apoptosis induced by HG and facilitated 
the proliferative and invasive capacities of HTR-8/SVneo. 
Mechanistically, we confirmed that miR-942-5p 
overexpression directly targeted CEBPA and suppressed 
CEBPA expression, while upregulating N-cadherin 
expression, which is involved in the EMT process of 
trophoblast cells and alleviated the dysfunction of 
trophoblast cells induced by HG in GDM. 
Conclusion • Overexpression of miR-942-5p promotes 
proliferation, invasion and EMT of trophoblast cells by 
targeting and negatively regulating CEBPA. These findings 
offer novel understanding regarding the treatment of 
GDM. (Altern Ther Health Med. [E-pub ahead of print.])
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Hospital in China. Of these, 15 women were included in the 
GDM group; aged 23 to 35 years, average age 29.33 years; 30 
normal pregnant women were included in the control group: 
aged 23 to 41 years, average age 30.22 years. 

GDM group
Inclusion criteria for patients in the GDM group were 

hypertension and proteinuria occurring after 20 weeks of 
pregnancy; exclusion criteria were patients with diabetes and 
heart disease.

Normal group
The inclusion criteria for normal pregnant women were 

delivery after 38 weeks of pregnancy, normal blood pressure, 
negative urine protein and no pregnancy complications. 

Prior to conducting this study, approval was obtained 
from the ethics committee of the hospital, and all participants 
signed consent forms (see Table 1).

Ethical Compliance
This study was approved by the ethics committee of the 

Affiliated Hospital of Nantong University. Signed written 
informed consent was obtained from all patients and/or 
guardians.

Cell culture and transfection
Human placental trophoblast cells HTR-8/SVneo and 

293T were purchased from Pricella (Wuhan, China). Cells 
were resuscitated according to the manufacturer’s instructions 
and then transferred to a complete culture medium and 
maintained in a humidified incubator at a temperature of 
37°C with a 5% CO2 atmosphere. When they reached the 
logarithmic phase of growth, they were divided into the in 
vitro model group and the control group with 25 mM and 5 
mM glucose incubation, respectively.25 Lipofectamine 8 was 
used to transfect HTR-8/SVneo in HG medium with miR-
942-5p mimics and negative control (NC) mimics (Hunan 
Fenghui Biology, Changsha, China), and the transfected cells 
were used for subsequent experiments after 48 hours. All 
experiments were conducted independently 3 times.

Reverse-transcription quantitative polymerase chain 
reaction

The total RNA extracted from the tissues and cells of 
patients from each group was collected and subjected to 

revealing a new target for improving recurrent spontaneous 
abortion. Davies, et al.9 also demonstrated that accelerating 
the occurrence of EMT is an important therapeutic strategy 
for suppressing the onset of preeclampsia during pregnancy. 
N-cadherin, a key regulatory factor for trophoblast cell 
behavior, manipulates the transformation of 
syncytiotrophoblast cells from layered phenotypes and gives 
it the ability to proliferate and invade, thereby promoting 
placental development.10 EMT, by modulating its proliferative 
and invasive potential, has been identified as an essential 
physiological process in GDM.11,12

MicroRNA (miRNA) is a non-coding RNA and that is 
typically 18 to 25 nucleotides in length. Through the modulation 
of target gene expression,13 it influences the onset of diseases. 
MiR-942-5p is a newly discovered miRNA that participates in 
the progression of various diseases, including sepsis,14 colorectal 
cancer15 and melanoma,16 by regulating cell proliferation, 
apoptosis, differentiation and  metabolism. In the past decade or 
so, miRNA-942-5p pregnancy-related complications have also 
been reported. Zhang, et al.17 found that, in the development of 
preeclampsia, miR-942-5p is reduced and its low expression 
inhibits the vitality of extravillous trophoblast (EVT) cells and 
human umbilical vein endothelial cell (HUVEC) angiogenesis. 
Ren, et al.18 also showed that miR-942-5p is repressed in 
preeclampsia tissues, and overexpression of miR-942-5p 
enhances cell proliferation and suppresses cell apoptosis in 
HTR-8/SVneo. Dong, et al.19 found that circFBXW7 could 
inhibit the EMT process of lung adenocarcinoma via sponge 
miR-942-5p. However, it still remains unclear whether or not 
miR-942-5p is related to GDM by regulating the biological 
behavior of placental trophoblast cells.

CCAAT-enhancer-binding protein alpha (CEBPA) is a 
member of the leucine zipper transcription factor family.20 As 
an important transcriptional regulator, CEBPA is widely 
present in various body tissues and widely participates in cell 
proliferation, apoptosis, metabolism, differentiation, oncogene 
induction and tumor development.21 Jiang, et al.22 discovered 
that CEBPA can suppress the proliferation of mouse myeloid 
cells and simultaneously promote cell apoptosis. Huan, et al.23 
also found that CEBPA induces biological dysfunction in liver 
cancer cells by inhibiting EMT. Specifically, a 2009 report listed 
CEBPA as a target gene involved in the cellular function of 
GDM.24 In this study, we hypothesized that CEBPA may 
participate in the progression of GDM by modulating the 
biological activities of trophoblast cells. 

In summary, the aim of this study was to research the 
roles of miR-942-5p and CEBPA in GDM, their mutual 
relationship, investigate how the miR-942-5p/CEBPA axis 
works on trophoblast cell biological function and to establish 
a solid theoretical foundation for understanding the 
pathogenesis of GDM.

MATERIALS AND METHODS
Research Object and Specimen Collection

We selected 45 placental tissue specimens from caesarean 
section deliveries of pregnant women at Hai’an People’s 

Table 1. Clinicopathological Factors in Healthy Pregnancies 
and Patients with Gestational Diabetes Mellitus

Characteristics
Healthy
(n = 30)

GDM
(n = 15)

Age (years) 30.22 29.33
BMI (kg/m2) 21.68 24.10
Gestation (wks) 40 39
Fasting plasma glucose (mmol/l) 4.68 5.20
1-hour plasma glucose (mmol/l) 8.50 9.74
2-hour plasma glucose (mmol/l) 7.44 8.34
Fetal birth weight (grams) 3508.33 3503.33

Abbreviations:  BMI, body mass index; GDM, gestational diabetes mellitus
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Invasion assays
Transwell chambers were coated with a layer of extracellular 

matrix gel (356234 BD; Biocoat, Franklin Lakes, New Jersey 
USA). The upper chamber was filled with serum-free RPMI 
1640 medium containing a single-cell suspension, while the 
lower chamber was filled with medium containing 10% fetal 
bovine serum. After fixation with formaldehyde, the cells were 
stained with crystal violet (G1062; Solonbao, Beijing, China), 
and the transmembrane cells were observed and counted using 
an inverted microscope (Olympus CKX31; Tokyo, Japan).

Statistical analysis
Statistical analysis was performed of the relevant data 

using GraphPad Prism 8 software (GraphPad, La Jolla, 
California USA). Statistical analysis was performed using t 
tests and one-way ANOVA to compare the differences 
between the 2 groups. A significance level of P < .05 was 
considered statistically significant.

RESULTS
miR-942-5p and N-cadherin Are Downregulated, While 
CEBPA is Upregulated in the Placental Tissue of Patients 
with GDM 

The dysregulated expression of genes in the placenta, a 
key organ in the pathogenesis of GDM, is closely associated 
with the occurrence and development of GDM.27 In this 
study, placental tissue from 30 normal pregnant women and 
15 patients diagnosed with GDM were collected and analyzed. 
Compared with normal placental tissue, miR-942-5p 
expression was reduced in the placenta of patients with GDM 
(Figure 1A; P < .001). IHC staining results were shown in 
Figure 1B. Compared with normal placental tissue, a darker 
brown-yellow color was observed in the tissues of the GDM 
group, and there was more CEBPA-positive expression in the 
placental tissue of patients with GDM. In addition, RT-qPCR 
and protein blotting experiments indicated that CEBPA 
mRNA and expression of protein were notably increased in 
GDM placental tissue compared with normal placental tissue 
(Figure 1C-1E; P < .001). Furthermore, RT-qPCR and 
protein blotting experiments also indicated that N-cadherin 
mRNA and protein expression were manifestly decreased in 
GDM placental tissue compared with normal placental tissue 
(Figure 1E-1G; P < .001). These results emphasize that the 
low miR-942-5p and N-cadherin expression and high CEBPA 
expression in the placental tissue of patients with GDM may 
contribute to GDM progression.

reverse transcription following the instructions provided by 
the TaKaRa kit. (TaKaRa, RR047A, Tokyo, Japan), and then 
RT-qPCR reaction was performed. The expression levels of 
miR-942-5p, CEBPA and N-cadherin were calculated using 
the 2-delta delta Ct (2-ΔΔCT) formula26 (see Table 2).

Western blotting
We collected embryonic tissues and HTR8-SVneo cells 

from the groups and extracted and measured protein 
concentration using the BCA assay kit (P0010; Beyotime, 
Shanghai, China). Proteins were diluted with protein buffer, 
separated via protein electrophoresis and transferred to a 
polyvinylidene difluoride (PVDF) membrane. After blocking 
with skim milk for a period of 2 hours, the samples were 
incubated with primary antibodies for CEBPA (ab40761; 
Abcam, Cambridge, Massachusetts USA), N-cadherin 
(ab76011; Abcam), and β-actin (ab8227; Abcam) overnight 
at 4°C. After washing with tris buffered saline with tween 
(TBST), the samples were incubated with secondary 
antibodies for 2 hours at 4°C, and then enhanced 
chemiluminescence (ECL) substrate was added (180-5001; 
Tanon, Shanghai, China) for visualization. Gel images were 
captured with a gel imaging system, and β-actin was used as 
an internal reference. 

Prediction of target genes and dual luciferase assays 
The TargetScan database was used to predict the binding 

site of miR-942-5p and CEBPA, and the fragment was then 
amplified. Subsequently, wild-type plasmid pmirGLO-WT-
CEBPA and mutant plasmid pmirGLO-MUT-CEBPA were 
constructed separately. The 2 constructed plasmids, along 
with miR-942-5p mimics and NC mimics, were then 
transfected together into HEK-293T cells. After 48 hours, the 
luciferase activity of each group of cell lysates was determined.

MTT assays
Each well was seeded with 5 × 103 single cells in a 96-well 

plate, and after being cultured for 12, 24 and 48 hours, 20 μL 
of MTT (Beyotime, C0009S, Shanghai, China) at a 
concentration of 5 mg/mL was added to the sample and 
incubated for 4 hours. Then, 150 μL of dimethyl sulfoxide 
(DMSO) was added and the sample was shaken horizontally 
for 30 minutes, and the optical density (OD) of each well at 490 
nm was measured with a microplate photometer (Multiskan; 
Thermo Fisher Scientific, Waltham, Massachusetts USA).

Flow cytometry
The instructions for the Annexin FITC/propidium 

iodide (PI) cell apoptosis detection kit (40302ES20; Yeasen, 
Shanghai, China) were strictly followed. Each group of 
HTR8-SVneo cells was mixed with an AnnexinV/FITC and 
binding buffer mixed solution at a dilution ratio of 1:40 and 
incubated for 30 minutes, then dissolved in a mixture of PI 
and binding buffer at a ratio of 1:40 and incubated in liquid 
for 15 minutes. Flow cytometry (Invitrogen, Carlsbad, 
California USA) was used to measure the apoptotic cell rate.

Table 2. Quantitative Polymerase Chain Reaction Primers

Gene Sequences (5’-3’)

miR-942-5p F CTTCTCTGTTTTGGCCATGTG
R CTCTACAGCTATATTGCCAGCCAC

U6 F CGCTTCGGCAGCACATATAC
R AAATATGGAACGCTTCACGA

CEBPA F GAGTGGCGGCAGCGGC
R CAGTTCGCGGCTCAGCTGTT

N-cad F GACAATGCCCCTCAAGTGTT
R CCATTAAGCCGAGTGATGGT

GAPDH F GTGGTCTCCTCTGACTTCAA
R TCTCTTCCTCTTGTGCTCTTG
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RT-qPCR and Western blot analysis (Figures 2E-2F), miR-
942-5p mimics obviously restrained the expression of CEBPA 
in HRT-8/SVneo in the model group (P < .01), while NC 
mimics showed no significant difference in CEBPA expression. 
These results indicate that miR-942-5p may directly target the 
negative regulation of CEBPA expression and have an impact 
on the biological function of trophoblast cells.

CEBPA is a Direct Target of miR-942-5p
CEBPA, as an important regulatory factor in placental 

development, can serve as a downstream target gene for 
miRNA,28 as it participates in the regulation of trophoblast 
cell’s biological function.29 In our study, the binding sites of 
miR-942-5p in 3’UTR of CEBPA were detected using 
TargetScan (Figure 2A). To verify the prediction results, 
WT-CEBPA or mut-CEBPA double luciferase report plasmid 
was used for luciferase Reporter gene determination (Figure 
2B). miR-942-5p mimics reduced the luciferase activity of 
pmirGLO-WT-CEBPA (P < .001), but there was no 
remarkable change in pmirGLO-MUT-CEBPA. Meanwhile, 
A negative correlation was observed between the expression 
levels of miR-942-5p and CEBPA, as indicated by Pearson 
correlation analysis (P = .0108) (Figure 2C). 

Therefore, we speculated that miR-942-5p negatively 
regulates CEBPA and affects the biological function of 
trophoblast cells. To test this hypothesis, we transfected miR-
942-5p NC mimics into high glucose (HG)-induced HRT-8/
SVneo. RT-qPCR was evaluated with the transfection efficiency 
of miR-942-5p mimics (Figure 2D). miR-942-5p mimics 
significantly promoted the expression of miR-942-5p in the 
model group (P < .001), while NC mimics showed no 
significant difference in the expression of miR-942-5p. Using 

Figure 1. miR-942-5p and N-cadherin are downregulated, 
while CEBPA is upregulated, in the placental tissue of patients 
with GDM. Placental tissue was collected and analyzed from 
30 normal pregnant women and 15 patients with GDM. (1A) 
RT-qPCR was used to evaluate miR-942-5p in placental tissue; 
(1B) IHC staining was used to evaluate CEBPA protein in 
placental tissue; (1C) RT-qPCR was used to evaluate CEBPA 
mRNA in placental tissue; (1D-1F) Western blot detection of 
CEBPA and N-cadherin protein expression in placental tissue; 
(1G) RT-qPCR detection of N-cadherin mRNA expression in 
placental tissue. ***P < .001.

Abbreviations: CEBPA, CCAAT-enhancer-binding protein alpha; GDM, 
gestational diabetes mellitus; IHC, immunohistochemistry; RT-qPCR, 
reverse-transcription quantitative polymerase chain reaction.

Figure 2. CEBPA is a direct target of miR-942-5p. We 
co-transfected miR-NC mimics and miR-942-5p mimics with 
pmirGLO-WT-CEBPA and pmirGLO-MUT-CEBPA into 293T 
cells, respectively; we transfected miR-942-5p mimics and NC 
mimics into HG-induced HRT-8/SVneo cells. (2A) TargetScan 
predicted the binding site between miR-942-5p and CEBPA; 
(2B) Detected the expression level of luciferase activity in 293T 
cells; (2C) Pearson correlation analysis was conducted to 
examine the correlation between miR-942-5p and CEBPA. (2D) 
RT-qPCR detection of miR-942-5p transfection efficiency; (2E) 
RT-qPCR detection of the impact of miR-942-5p mimics 
transfection on the expression of CEBPA mRNA in trophoblast 
cells; (2F) protein blotting detected the influence of miR-942-5p 
mimics transfection on the expression of CEBPA protein in 
trophoblast cells. The data is represented as mean ± SD (n=3); 
(***P < .001, **P < .01 vs Control Group, miR-NC mimics 
group; ###P < .001, ##P < .01, vs Model Group)

Abbreviations: CEBPA, CCAAT-enhancer-binding protein alpha; HG, high 
glucose; NC, negative control; RT-qPCR, reverse-transcription quantitative 
polymerase chain reaction; SD, standard deviation.
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miR-942-5p Activates the EMT Process in Trophoblast Cells
The EMT process of trophoblast cells plays a crucial part 

in embryonic development, and the epithelial marker 
N-cadherin is a key regulatory factor for the proliferative and 
invasive capacities of trophoblast cells.9 Analysis of RT-qPCR 
and protein blotting are shown in Figures 3A-3B. MiR-942-
5p mimics obviously promoted the expression of N-cadherin 
in the model group cells (P < .05), while NC mimics showed 
no obvious change in the expression of N-cadherin. These 
findings demonstrate that miR-942-5p promotes the EMT 
process in trophoblast cells by promoting the expression of 
N-cadherin.

miR-942-5p Suppresses Trophoblast Cell Apoptosis While 
Enhancing Proliferation and Invasion in Trophoblast Cells

Next, we studied the effect of miR-942-5p on the apoptosis, 
proliferation and invasion ability of trophoblast cells. First, by 
detecting cell apoptosis with flow cytometry (Figure 4A), we 
found that miR-942-5p mimics significantly inhibited 
HG-induced apoptosis of HRT-8/SVneo (P < .001), while NC 
mimics showed no notable difference in the effect of apoptosis 
on HRT-8/SVneo. Subsequently, we used MTT and Transwell 
to measure cell proliferation and invasion, respectively; the 
results are shown in Figures 4B-4C. MiR-942-5p mimics 
significantly enhanced the HG-induced proliferative and 
invasive capacities of HRT-8/SVneo (P < .05), while NC 
mimics had no notable effect. These findings emphasize that 
miR-942-5p can inhibit trophoblast cell apoptosis and promote 
trophoblast cell proliferation and invasion.

DISCUSSION
During pregnancy, the hyperglycemia-induced abnormal 

proliferation and invasion of the trophoblast layer plays a 
crucial role in GDM. Therefore, studying the mechanisms of 
trophoblast cell proliferation and invasion and finding new 
effective molecular targets are of great importance in treating 
GDM. Increasing evidence suggests that miRNA expression 
is abnormal in placental tissue from patients with GDM, 
providing a basis for studying GDM occurrence.30,31

MiRNA is a regulatory, non-coding small RNA. It can 
bind to the 3’UTR of specific mRNA, causing rapid 
degradation and low gene expression.32 The placenta is a 
pivotal organ in GDM, and the ectopic expression of miRNA 
is closely associated with the onset of GDM. Specifically, 
miRNA is involved in GDM as it regulates the biological 
function of trophoblast cells. Studies have reported that 
overexpressed miR-1323 in GDM negatively regulates 
TP53INP1, inducing dysfunction of trophoblast cells.33 
Downregulated miRNA-29b in GDM regulates trophoblast 
migration and invasion through an HIF3A-dependent 
mechanism and changes placental development.34 miR-942-
5p, as a newly discovered miRNA, is involved in many 
diseases due to its regulation of cell biological function.35,36 
miR-942-5p has been proven to serve as a regulator in cell 
invasion and migration. By targeting DKK3, it promotes 
proliferation and invasion of human melanoma cells,16 and 

Figure 3. MiR-942-5p activated the EMT process in 
trophoblast cells. (3A) RT-qPCR was used to detect the 
expression of N-cadherin mRNA in placental tissue; (3B) 
Protein blotting was used to detect the expression level of 
N-cadherin protein. The data is represented as mean ± SD 
(n=3); (***P < .001, vs Control Group, ##P < .01, #P < .05, vs 
Model Group).

Abbreviations: EMT, epithelial to mesenchymal transition; SD, standard 
deviation.

Abbreviations:  SD, standard deviation.

Figure 4. miR-942-5p inhibits trophoblast cell apoptosis and 
enhances proliferation and invasion in trophoblast cells. 
(4A) The effect of flow cytometry on trophoblast cell 
apoptosis; (4B) MTT analysis trophoblast cell proliferation at 
12h, 24h, and 48h; (4C) Transwell detected trophoblast cell 
invasion ability. The data is represented as mean ± SD (n=3)’ 
***P < .001; vs Control Group, ###P < .001, ##P < .01, #P < .05, 
vs Model Group).
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process in trophoblast cells via its negative regulation of 
CEBPA, enhancing the proliferative and invasive capacities of 
trophoblast cells and alleviating CDM progress. of x. In this 
study, the effects of miR-942-5p and CEBPA on GDM were 
examined at both the tissue and cellular levels, fully 
demonstrating the role of overexpressed miR-942-5p in 
preventing and treating GDM.
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5p enhanced the proliferative and invasive capacities of 
trophoblast cells, alleviating the progression of GDM.
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study, we found high expression of CEBPA in the placenta of 
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