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Abstract. Differential expression of microRNA (miR)‑335‑5p, 
a key tumor suppressor, has been detected in pre‑eclampsia 
(PE) placentas. However, the role of miR‑335‑5p in the patho-
genesis of PE and the factor modulating its aberrant expression 
remain unknown. The present study used JEG‑3 cells in vitro 
to investigate these mechanisms. The role of miR‑335‑5p in 
proliferation, apoptosis and migration of JEG‑3 cells was 
investigated using MTT, Annexin V‑FITC/PI, Transwell 
migration and wound healing assays, respectively. miR‑335‑5p 
expression levels were analyzed using reverse transcrip-
tion‑quantitative PCR. The expression levels of E‑cadherin, 
N‑cadherin, Snail, specificity protein 1 (Sp1) and p53 were 
assessed using western blot analysis. Cell viability analysis 
was performed using the Cell Counting Kit‑8 assay. The intra-
cellular reactive oxygen species (ROS) levels were detected 
using a 2,7‑dichlorodihydrofluorescein diacetate assay. The 
present results suggested that miR‑335‑5p did not affect the 
proliferation or apoptotic rate of JEG‑3 cells. Overexpression 
of miR‑335‑5p significantly inhibited the migration of JEG‑3 
cells, decreased the expression levels of Sp1, N‑cadherin and 
Snail, and increased E‑cadherin expression. Sp1 silencing 
produced similar results in JEG‑3 cells. H2O2 significantly 
increased the intracellular ROS levels and miR‑335‑5p expres-
sion, whereas N‑acetyl‑cysteine pretreatment prior to H2O2 
treatment reversed the increases in miR‑335‑5p expression. 
Knockdown of p53 significantly decreased the expression 

levels of miR‑335‑5p in JEG‑3 cells and in H2O2‑treated cells. 
The present results suggested that miR‑335‑5p expression 
levels in trophoblast cells could be increased by ROS in a 
p53‑dependent manner, leading to the downregulation of Sp1 
and subsequent inhibition of epithelial to mesenchymal transi-
tion and cell migration. The present results may provide novel 
evidence on the etiology of PE.

Introduction

Pre‑eclampsia (PE) is a pregnancy‑specific complication 
diagnosed by the onset of high blood pressure and proteinuria 
after 20 weeks of gestation, which affects 3‑8% of pregnan-
cies globally (1,2). Despite developments in the diagnosis and 
treatment of PE, the pathogenesis of PE requires further inves-
tigation. The abnormal placenta, characterized by impaired 
trophoblastic invasion and placental angiogenesis, can serve 
key roles in the occurrence and progression of PE  (3,4). 
Investigating novel mechanisms for regulating placental func-
tion will improve the diagnosis and treatment of PE.

MicroRNAs (miRNAs/miRs) are endogenous small 
non‑coding single‑stranded RNAs, 22‑25 nucleotides in length, 
which can modulate target gene expression via translational 
repression or degradation (5). The dysregulation of miRNAs 
contributes to various human diseases (6). Previous expression 
profiling studies have demonstrated dysregulated expression 
of miRNAs in the placenta of PE (7‑9). In addition, miRNAs 
may be implicated in the pathogenesis of PE by regulating the 
function and development of the placenta (10,11).

Among the differentially expressed miRNAs, miR‑335‑5p 
is significantly upregulated in PE‑affected placentas (9,12). 
Previous studies have demonstrated that miR‑335‑5p may 
have a negative correlation with neovascularization in 
human retinal microvascular endothelial cells and in patients 
with age‑related macular degeneration (13,14). In addition, 
miR‑335‑5p can serve as a key tumor suppressor to inhibit 
tumor invasion, metastasis and proliferation, and to induce 
apoptosis in different human cancer types (15). Dysregulated 
miR‑335‑5p may be associated with the pathogenesis of PE; 
however, the underlying mechanism regulating the aberrant 
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expression of miR‑335‑5p in PE‑affected placentas and the 
role of miR‑335‑5p in the pathogenesis of PE are not fully 
understood. The present in vitro study preliminarily investi-
gated the role of miR‑335‑5p in JEG‑3 cells.

Materials and methods

Cell culture. The JEG‑3 choriocarcinoma line was purchased 
from Nanjing KeyGen Biotech Co., Ltd. Cells were cultured 
in minimum essential medium (MEM; Gibco; Thermo 
Fisher Scientific, Inc.) containing 10% heat‑inactivated FBS 
(Biological Industries), 100 U/ml penicillin and 100 µg/ml 
streptomycin at 37˚C in a humidified atmosphere with 5% 
CO2. Cells were passaged when confluence reached ~90%.

Cell transfection. JEG‑3 cells were seeded in six‑well plates 
at 5x105 cells/well, and transfected with 50 nM miR‑335‑5p 
mimics, p53 small interfering (si)RNA, specificity protein 1 
(Sp1) siRNA or the corresponding non‑specific negative 
controls (NCs) using the riboFECT™ CP Transfection kit 
(Guangzhou RiboBio Co., Ltd.), according to the manufac-
turer's protocol. miR‑335‑5p mimics, p53 siRNA, Sp1 siRNA 
and the corresponding NCs were designed and synthesized 
by Shanghai GenePharma Co., Ltd. miR‑335‑5p mimics, 
forward 5'‑UCA​AGA​GCA​AUA​ACG​AAA​AAU​GU‑3', reverse 
5'‑AUU​UUU​CGU​UAU​UGC​UCU​UGA​UU‑3'; p53 siRNA, 
forward 5'‑GCA​UGA​ACC​GGA​GGC​CCA​UTT‑3', reverse 5'‑ 
AUG​GGC​CUC​CGG​UUC​AUG​CTT‑3'; Sp1 siRNA, forward 
5'‑UGA​GAA​CAG​CAA​CAA​CUC​CTT‑3', reverse 5'‑GGA​
GUU​GUU​GCU​GUU​CUC​ATT‑3'; and NCs, forward 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​ATT‑3'. The transfected cells were then 
collected for western blot analysis or other functional assays 
after 24, 48, 72 or 96 h.

Cell proliferation. JEG‑3 cells transfected with NCs or 
miR‑335‑5p mimics were seeded at a density of 5x103 cells/well 
in 96‑well culture plates with 100 µl complete medium under 
normal conditions. After culturing for 0, 24, 48, 72 and 96 h, an 
MTT assay (Beyotime Institute of Biotechnology) was performed 
to measure cell proliferation. In total, 10 µl MTT reagent was 
added to each well and the plate was incubated at 37˚C for 4 h. 
Subsequently, 100 µl dimethyl sulfoxide was added to terminate 
the reaction. The optical density (OD) was measured at 490 nm 
using a microplate reader (Tecan Infinite M200; Tecan Group, 
Ltd.). The experiments were performed in triplicate.

Cell apoptosis. An Annexin V‑FITC/PI apoptosis detection 
kit (cat. no. BB‑4101‑1, BestBio) was used to assess the cell 
apoptotic rate according to the manufacturer's instructions. 
After JEG‑3 cells were transfected with NCs or miR‑335‑5p 
mimics for 48 h, the cells were collected using trypsin without 
EDTA, washed twice with cold PBS and resuspended with 
400 µl binding buffer. The cells were incubated with 5 µl 
Annexin V‑FITC staining solution for 15 min at 4˚C and 10 µl 
PI staining solution for 5 min at 4˚C in the dark. The apoptotic 
rate was detected using a flow cytometer (BD FACSCalibur 
flow cytometer; BD Biosciences). The flow cytometry data 
were analyzed with FlowJo software (v10.0.7r2; FlowJo LLC). 
The experiments were performed in triplicate.

Transwell migration assay. The effect of miR‑335‑5p or Sp1 on 
the migration of JEG‑3 cells was evaluated using a Transwell 
migration assay in a 24‑well Transwell plate containing 
polycarbonate filters with 8 µm pores (Costar; Corning, Inc.). 
After transfection with miR‑335‑5p mimics, Sp1 siRNA or 
the corresponding NCs for 24 h, JEG‑3 cells were trypsin-
ized and adjusted to 1x106 cells/ml in MEM. In total, 100 µl 
resuspended cells was placed in the upper chamber and 
600 µl medium containing 10% FBS was added to the lower 
chamber. After incubation at 37˚C for 24 h under normal 
conditions, the membranes were fixed using 100% methanol 
at room temperature for 30 min and stained with 0.1% crystal 
violet stain solution (cat. no. G1063, Beijing Solarbio Science 
& Technology Co., Ltd.) at room temperature for 20 min. 
The numbers of migrated cells were calculated using a light 
microscope (magnification, x400; Olympus IX51; Olympus 
Corporation) in five random fields. The experiments were 
performed in triplicate.

Wound healing assay. The migratory ability of miR‑335‑5p 
was further investigated using a wound healing assay. JEG‑3 
cells were transfected with NCs or miR‑335‑5p mimics. After 
cells reached 90% confluence, a 10‑µl sterile pipette tip was 
used to create a wound in the monolayer. The cells were grown 
in FBS‑free medium for another 24 h and evaluated using a 
light microscope (Olympus IX51; Olympus Corporation) 
in phase contrast condition, using magnification, x100. The 
wound areas were measured using ImageJ software (version 
1.46r; National Institutes of Health). The relative wound 
closure under each condition was calculated according to the 
following formula: Wound area measured at 0 h minus the 
wound area at 24 h. The wound repair rate was obtained using 
the percentage of the relative wound closure within the wound 
area measured at 0 h. The experiments were performed in 
triplicate.

Western blot analysis. Total proteins were extracted from JEG‑3 
cells transfected with miR‑335‑5p mimics, p53 siRNA, Sp1 
siRNA or the corresponding NCs using RIPA lysis buffer (cat. 
no. P0013B; Beyotime Institute of Biotechnology), according 
to the manufacturer's instructions. Protein concentration was 
measured using an Enhanced Bicinchoninic Acid Protein assay 
kit (Beyotime Institute of Biotechnology). A total of 10 µg each 
sample was separated by SDS‑PAGE on 12% gels according 
to the assigned groups and electrophoretically transferred to 
PVDF membranes (EMD Millipore). After the membranes 
were blocked with TBS‑0.1% Tween 20 (TBST) containing 
5% non‑fat dry milk at room temperature for 1 h, membranes 
were incubated with primary antibodies against Sp1 (1:1,000; 
cat. no. ab124804; Abcam), p53 (1:1,000; cat. no. 10442‑1‑AP; 
Wuhan Sanying Biotechnology), E‑cadherin (1:1,000; cat. 
no. 20874‑1‑AP; Wuhan Sanying Biotechnology), N‑cadherin 
(1:2,000; cat. no.  ab76011; Abcam), Snail (1:1,000; cat. 
no. 26183‑1‑AP; Wuhan Sanying Biotechnology) and GAPDH 
(1:2,000; cat. no. 10494‑1‑AP; Wuhan Sanying Biotechnology) 
at 4˚C overnight. Subsequently, the membranes were washed 
three times with TBST for 10 min and exposed to horseradish 
peroxidase‑conjugated affiniPure goat anti‑rabbit IgG (H+L; 
1:5,000; cat. no. SA00001‑2; Wuhan Sanying Biotechnology) 
at room temperature for 1  h. Detections were performed 
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using an enhanced chemiluminescence kit (Wuhan Sanying 
Biotechnology). The bands were semi‑quantified with densi-
tometry using ImageJ software. The target protein levels were 
presented as fold change normalized to GAPDH in each sample.

H2O2 treatment and reactive oxygen species (ROS) assay. JEG‑3 
cells were plated in 6‑well plates at 8x105 cells/well and were 
treated with 0.1 mM H2O2 at 37˚C for 24 h. N‑acetyl‑cysteine 
(NAC), a specific scavenger of ROS, was purchased from 
Sigma‑Aldrich; Merck KGaA. To investigate the effect of ROS 
on the expression of miR‑335‑5p, JEG‑3 cells were treated 
with 10 mM NAC at 37˚C for 1 h prior to H2O2 treatment. 
The intracellular ROS levels induced by H2O2 with or without 

NAC were detected with a ROS assay kit (cat. no. BB‑4705; 
BestBio) according to the manufacturer's instructions. After 
the cells were treated with H2O2 with or without NAC in 6‑well 
plates as aforementioned, the supernatants were removed and 
cells were washed three times with PBS. Cells were incubated 
in fresh medium with DCFH‑DA at 37˚C for 20 min. Cells 
were collected, washed two times with PBS and analyzed 
with a flow cytometer (BD FACSCalibur flow cytometer; BD 
Biosciences) with the excitation wavelength at 488 nm and 
the emission wavelength at 525 nm. The flow cytometry data 
were analyzed with FlowJo software. The experiments were 
performed in triplicate.

Cell viability assay. Cell viability was evaluated using the 
CCK‑8 assay (Bestbio), according to the manufacturer's 
protocols. JEG‑3 cells were cultured in a 96‑well plate at 
5x103  cells/well with MEM containing 10% FBS. After 
incubation with 0.1 mM H2O2 at 37˚C for 24 h, 10 µl CCK‑8 
solution was added to each well and incubated at 37˚C for 3 h. 
The OD values were detected at 450 nm using a microplate 
reader (Tecan Infinite M200; Tecan Group, Ltd.). Relative 
cell viability was calculated using the following formula: 
OD(H2O2)/OD(control) x100%. The experiments were 
performed in triplicate.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted using the miRNeasy mini kit (cat. 
no. 217004; Qiagen, Inc.), according to the manufacturer's 
instructions. Reverse transcription and RT‑qPCR for the 
expression of miR‑335‑5p was performed using a Hairpin‑it™ 
microRNA and U6 snRNA Normalization RT‑PCR 
Quantitation kit (Shanghai GenePharma Co., Ltd.) on an ABI 
7700 PCR Instrument (Applied Biosciences; Thermo Fisher 
Scientific, Inc.). The conditions used for reverse transcription 
reaction according to the manufacturer's protocols were: 25˚C 
for 30 min, 42˚C for 30 min, 85˚C for 5 min and hold at 4˚C. The 
following primers were used: hsa‑miR‑335‑5p, forward 5'‑CGT​
CCT​CGT​CAA​GAG​CAA​TAA​C‑3', reverse 5'‑TAT​GCT​TGT​
TCT​CGT​CTC​TGT​GTC‑3'; and hU6, forward 5'‑CAG​CAC​
ATA​TAC​TAA​AAT​TGG​AAC​G‑3' and reverse 5'‑ACG​AAT​
TTG​CGT​GTC​ATC​C‑3'. The following thermocycling condi-
tions were used for qPCR according to the manufacturer's 
protocols: Initial denaturation at 95˚C for 3 min; followed by 
40 cycles at 95˚C for 12 sec and 60˚C for 40 sec. U6 snRNA 
was used as an internal reference. The expression levels of 
miR‑335‑5p were quantified using the 2‑∆∆Cq method  (16) 
according to the manufacturer's instructions.

Statistical analysis. Statistical analysis was performed using 
SPSS Statistics 21.0 software (IBM Corp.). Data are presented 
as the mean  ±  SD from ≥3 independent experiments. An 
unpaired Student's t‑test was used to compare two groups, 
and one‑way ANOVA followed by Bonferroni's multiple 
comparison test was used to compare ≥3 groups for statistical 
analyses. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑335‑5p does not affect proliferation or apoptosis of 
JEG‑3 cells. To analyze the effects of miR‑335‑5p on JEG‑3 
cells, miR‑335‑5p mimics or corresponding non‑specific NCs 
were transfected into JEG‑3 cells. Transfection efficiency of 
miR‑335‑5p and NCs was confirmed by RT‑qPCR (Fig. 1A). 
MTT assay and Annexin V‑FITC/PI assay results suggested 
that ectopic overexpression of miR‑335‑5p did not affect prolif-
eration (Fig. 1B) or apoptosis of JEG‑3 cells (Fig. 1C and D).

miR‑335‑5p significantly suppresses the migration of JEG‑3 
cells. The role of miR‑335‑5p in the migration of JEG‑3 
cells was investigated using a Transwell cell migration assay 
and wound healing assay. Compared with the NCs group, 
the number of migrated cells was significantly lower in 
miR‑335‑5p‑transfected‑JEG‑3 cells (43±9 vs. 25±6; P<0.001; 
Fig. 2A and B). The wound healing assay results also showed 
similar effects (wound repair of the NCs group, 25.84±4.10%; 
wound repair of the miR‑335‑5p mimics group, 11.90±1.48%; 
P<0.01; Fig. 2C and D). Epithelial to mesenchymal transition 
(EMT) is critical for normal pregnancy and its dysregulation 
may be associated with several pregnancy disorders (17,18). 
Since EMT is implicated in cell migration, the present study 
investigated whether miR‑335‑5p inhibited the migration of 
JEG‑3 cells via the EMT markers E‑cadherin, N‑cadherin 
and Snail. The expression levels of N‑cadherin (P<0.05) and 
Snail (P<0.01) were significantly decreased in JEG‑3 cells 
transfected with miR‑335‑5p mimics for 48 h compared with 
those transfected with NCs (Fig. 2E and F). Conversely, over-
expression of miR‑335‑5p for 24 h (P<0.05) or 48 h (P<0.001) 
significantly increased E‑cadherin expression in JEG‑3 cells. 
The expression levels of N‑cadherin and Snail exhibited no 
significant difference between JEG‑3 cells transfected with 
miR‑335‑5p mimics for 24 and 48 h, whereas E‑cadherin 
expression was significantly increased in the miR‑335‑5p 
mimics 48 h group compared with the 24 h group (P<0.001).

Sp1 participates in the inhibitory role of miR‑335‑5p on 
cell migration. Sp1 serves important roles in the progres-
sion of EMT (19,20). A previous study revealed that Sp1 
was the target of miR‑335‑5p in gastric cancer  (21). The 
present study investigated whether miR‑335‑5p inhibited 
the migration of JEG‑3 cells via Sp1. The present western 
blotting results suggested that overexpression of miR‑335‑5p 
for 24 h (P<0.01) or 48 h (P<0.05) significantly decreased 
Sp1 expression in JEG‑3 cells (Fig. 3A and B). Compared 
with the NCs‑transfected cells, JEG‑3 cells transfected with 
a Sp1‑specific siRNA for 24 and 48  h exhibited signifi-
cantly decreased expression levels of Sp1, N‑cadherin and 
Snail, whereas the expression levels of E‑cadherin were 
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significantly increased (P<0.05). There was no difference in 
the expression levels of E‑cadherin, N‑cadherin and Snail 
between JEG‑3 cells transfected with Sp1 siRNA for 24 and 
48 h (Fig. 3C and D). In addition, silencing Sp1 in JEG‑3 
cells significantly decreased the migratory ability of cells 
(NCs, 68±22 vs. Sp1 siRNA, 41±9; P<0.01; Fig. 3E and F). 
The present results suggested that Sp1 may mediate the 
inhibitory role of miR‑335‑5p in cell migration by regulating 
the expression levels of EMT markers.

Oxidative stress induced by H2O2 increases miR‑335‑5p 
expression level. Previous studies have shown that oxida-
tive stress can modulate miRNA expression in cancer via 
ROS (22,23). The present study investigated ROS generation 
and miR‑335‑5p expression in JEG‑3 cells following H2O2 
exposure. The present results suggested that short‑term 
exposure to 0.1 mM H2O2 for 24 h did not affect the viability 
of JEG‑3 cells (Fig. 4A). Compared with control cells, the 
intracellular ROS levels detected using the DCFH‑DA assay 
and miR‑335‑5p expression levels identified by RT‑qPCR 
were significantly higher in JEG‑3 cells treated with 0.1 mM 
H2O2 for 24 h (P<0.001). Cells pretreated with 10 mM NAC 
for 1 h prior to H2O2 treatment had significant decreases 
in intracellular ROS levels and miR‑335‑5p expression 
compared with cells exposed to H2O2 only (P<0.001; 
Fig. 4B‑D).

p53 mediates the ROS‑induced increase of miR‑335‑5p. 
miRNA expression can be regulated by ROS via several impor-
tant transcription factors, including p53 (22,24). The present 
study investigated whether p53 mediated the ROS‑induced 
increase in expression levels of miR‑335‑5p in JEG‑3 cells. 
Compared with in NCs‑transfected cells, a p53‑specific 
siRNA significantly decreased the expression levels of p53 
after transfection for 24 and 48 h (P<0.001; Fig. 5A and B). 
Silencing p53 in JEG‑3 cells significantly reduced miR‑335‑5p 
expression and significantly reversed the increased expression 
of miR‑335‑5p induced by 0.1 mM H2O2 exposure for 24 h 
(P<0.001; Fig. 5C).

Discussion

Several miRNAs are involved in the regulation of normal 
pregnancy and pregnancy complications, such as PE (10,11). 
Identifying the mechanism underlying dysregulated miRNA 
expression and the roles of miRNA will help understand the 
etiology of PE (10,11).

miR‑335‑5p is downregulated in various types of 
human cancer, and is associated with tumorigenesis and 
cancer progression (15). Previous studies have reported that 
miR‑335‑5p is upregulated in PE placentas (9,12). The present 
study investigated the role of miR‑335‑5p in the proliferation 
of JEG‑3 cells. The present results suggested that miR‑335‑5p 

Figure 1. Ectopic overexpression of miR‑335‑5p does not affect the proliferation or apoptosis of JEG‑3 cells. (A) Reverse transcription‑quantitative PCR 
results of the relative miR‑335‑5p expression in JEG‑3 cells transfected with NCs or miR‑335‑5p mimics for 48 h. U6 small nuclear RNA was used as an 
internal reference. Compared with NCs, miR‑335‑5p mimics significantly increased miR‑335‑5p expression by 61.83±6.11‑fold. n=3. (B) Ectopic overexpres-
sion of miR‑335‑5p did not affect the proliferation of JEG‑3 cells. (C) Statistical analysis showed that miR‑335‑5p overexpression did not affect the apoptotic 
rate of JEG‑3 cells. n=3. (D) Representative images of apoptotic rates using Annexin V‑FITC/PI staining and flow cytometry. ***P<0.001. miR‑335‑5p, 
microRNA‑335‑5p; NCs, negative controls; OD, optical density.
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had no obvious effect on the proliferation or apoptosis of 
JEG‑3 cells. Similarly, in previous studies, miR‑335‑5p 
did not regulate proliferation of gastric cancer cells and 
gastrin‑releasing peptide receptor‑silenced neuroblastoma 
cells (21,25). However, in another previous study, miR‑335‑5p 
inhibited the proliferation of granulosa cells via SGK3 in 
polycystic ovary syndrome (26). The differences in cell source 
organizations may lead to the inconsistent evidence of the role 
of miR‑335‑5p.

miR‑335‑5p serves crucial roles in the migration and 
invasion of various types of human cancer by regulating 
different target genes (15). miR‑335‑5p can directly or indi-
rectly modulate the EMT process, which serves as the driver 
of migration and invasion in cancer (27,28). During placental 
implantation, the transformation of villous cytotrophoblasts 
to extravillous trophoblasts is similar to the process of 
EMT (18,29). The dysregulation of this progress is associated 
with pregnancy complications (17,18). Previous studies have 

Figure 2. miR‑335‑5p significantly suppresses the migration of JEG‑3 cells by modulating epithelial to mesenchymal transition markers. (A) Representative 
images of migrated JEG‑3 cells transfected with NCs or miR‑335‑5p mimics in the Transwell migration assay. Scale bar, 50 µm. (B) Statistical analysis of the 
effect of NCs and miR‑335‑5p mimics on the migration of JEG‑3 cells. NCs, 43±9 vs. miR‑335‑5p mimics, 25±6. n=3. The number of migrated cells was counted 
using a microscope in five independent symmetrical visual fields in each independent experiment. (C) Representative images of the wound healing assay in 
JEG‑3 cells transfected with NCs or miR‑335‑5p mimics. Scale bar, 200 µm. (D) Semi‑quantification of wound repair. NCs, 25.84±4.10% vs. miR‑335‑5p 
mimics, 11.90±1.48%. n=3. (E) Western blot analysis of the protein expression levels of E‑cadherin, N‑cadherin and Snail in JEG‑3 cells transfected with NCs 
and miR‑335‑5p mimics. GAPDH was used as the internal control. (F) Statistical analysis showing the effect of NCs and miR‑335‑5p mimics on the protein 
expression levels of E‑cadherin, N‑cadherin and Snail in JEG‑3 cells. *P<0.05, **P<0.01, ***P<0.001. miR‑335‑5p, microRNA‑335‑5p; NCs, negative controls.
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reported that E‑cadherin expression is markedly increased in 
placenta tissues from patients with PE compared with controls, 
whereas the expression levels of N‑cadherin and Snail are 
decreased (30‑32). On the basis of these previous studies, the 
present study investigated the effects of miR‑335‑5p on JEG‑3 
cell migration and key EMT markers. The present results 
suggested that overexpression of miR‑335‑5p significantly 
inhibited JEG‑3 cell migration, suppressed the expression 
levels of N‑cadherin and Snail, and increased E‑cadherin 
expression. The present results were consistent with a 
previous study on the regulation of miR‑335‑5p on EMT in 
colorectal cancer cells (27). The present results suggested that 
miR‑335‑5p may affect the migration of trophoblast cells by 
regulating E‑cadherin, N‑cadherin and Snail.

Sp1 participates in the process of EMT by regulating the 
expression of EMT markers (19,20,33). A previous study identi-
fied that in gastric cancer, Sp1 was a target of miR‑335‑5p (21). 
Another previous study revealed that Sp1 expression was 
significantly lower in PE placenta tissues compared with normal 
controls (34), which was contrary to the expression tendency 
of miR‑335‑5p in PE placental tissues  (9,12). The present 
study investigated the role of Sp1 in the relationship between 
miR‑335‑5p and EMT in JEG‑3 cells. The present results 
suggested that miR‑335‑5p negatively regulated Sp1 expression 
levels in JEG‑3 cells, and Sp1 knockdown significantly inhibited 
the EMT process and migration of JEG‑3 cells. The present 
results suggested that Sp1 may participate in the inhibitory role of 
miR‑335‑5p in cell migration via regulation of the EMT process.

Figure 3. Sp1 participates in the inhibitory role of miR‑335‑5p in cell migration. (A) Western blot analysis of Sp1 expression in JEG‑3 cells transfected with NCs 
and miR‑335‑5p mimics. GAPDH was used as the internal control. (B) Statistical analysis showing the effect of NCs or miR‑335‑5p mimics on Sp1 expression 
in JEG‑3 cells. n=3. (C) Western blot analysis of the protein expression levels of E‑cadherin, N‑cadherin, Sp1 and Snail in JEG‑3 cells transfected with NCs 
or Sp1‑specific siRNA. (D) Statistical analysis showing the effect of NCs and Sp1‑specific siRNA on the protein expression levels of E‑cadherin, N‑cadherin, 
Sp1 and Snail in JEG‑3 cells. n=3. (E) Representative images of migrated JEG‑3 cells transfected with NCs or Sp1‑specific siRNA in the Transwell migration 
assay. Scale bar, 50 µm. (F) Statistical analysis showing the effect of NCs and Sp1‑specific siRNA on the migration of JEG‑3 cells; NCs, 68±22 vs. Sp1 siRNA, 
41±9. The number of migrated cells was counted using a microscope in five independent symmetrical visual fields in each independent experiment. *P<0.05, 
**P<0.01, ***P<0.001. miR‑335‑5p, microRNA‑335‑5p; NCs, negative controls; siRNA, small interfering RNA; Sp1, specificity protein 1.
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The dysregulation of oxidative stress is crucial for the 
physiopathology of PE (35,36). Oxidative stress can modulate 

miRNA expression in cancer and placental alterations via 
ROS  (22,23,37). A previous study demonstrated that the 

Figure 4. Oxidative stress induced by H2O2 increases miR‑335‑5p expression. (A) JEG‑3 cells were exposed to 0.1 mM H2O2 for 24 h and cell viability was 
investigated using a Cell Counting Kit‑8 assay. n=3. There was no significant difference in cell viability between the control group and the H2O2‑treated group. 
(B) Compared with control cells, miR‑335‑5p expression was significantly increased in JEG‑3 cells after 0.1 mM H2O2 exposure for 24 h by 3.73±0.48‑fold. 
Compared with JEG‑3 cells exposed to 0.1 mM H2O2 alone, miR‑335‑5p expression was significantly reversed by pretreating JEG‑3 cells with 10 mM 
NAC for 1 h prior to H2O2 exposure (3.73±0.48‑fold increase in H2O2 group vs. Control; 1.23±0.27‑fold increase in NAC + H2O2 group vs. Control). n=3. 
(C) Representative flow cytometry image of intracellular ROS levels using a 2,7‑dichlorodihydrofluorescein diacetate assay. (D) Statistical analysis of the 
intracellular ROS levels in control cells, in JEG‑3 cells after 0.1 mM H2O2 exposure for 24 h and in JEG‑3 cells pretreated with 10 mM NAC for 1 h prior 
to H2O2 exposure. n=3. H2O2 exposure significantly increased the intracellular ROS levels in JEG‑3 cells, whereas 10 mM NAC pretreatment significantly 
reversed the increase of ROS. ***P<0.001. miR‑335‑5p, microRNA‑335‑5p; NAC, N‑acetyl‑cysteine; NCs, negative controls; ROS, reactive oxygen species.

Figure 5. p53 mediates the ROS‑induced increase in miR‑335‑5p expression. (A) Western blot analysis of p53 protein expression levels in JEG‑3 cells trans-
fected with NCs and p53‑specific siRNA. GAPDH was used as the internal control. (B) Statistical analysis of the effect of NCs and p53‑specific siRNA on p53 
protein expression in JEG‑3 cells. n=3. (C) JEG‑3 cells were transfected with NCs or p53‑specific siRNA for 24 h, and further treated with 0.1 mM H2O2 for 
24 h. The expression levels of miR‑335‑5p in the four groups were analyzed using reverse transcription‑quantitative PCR. **P<0.01, ***P<0.001. miR‑335‑5p, 
microRNA‑335‑5p; NCs, negative controls; siRNA, small interfering RNA.
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miRNA profile containing miR‑335‑5p was significantly altered 
in villous 3A cytotrophoblast cells exposed to short‑term low 
concentrations of H2O2 (38). However, the relationship between 
ROS and miR‑335‑5p is not fully understood. The present results 
suggested that intracellular ROS generation and miR‑335‑5p 
expression in JEG‑3 cells showed a similar tendency following 
exposure to only H2O2 or to NAC pretreatment followed by 
H2O2 exposure. Both ROS and miR‑335‑5p were increased in 
JEG‑3 cells by H2O2 treatment, whereas the application of NAC 
reduced this increase. The present results suggested there may 
be a close link between ROS and miR‑335‑5p.

The transcription factor p53 is associated with cellular 
stress and can be regulated by ROS (39). In addition, p53 has 
pivotal roles in the production of stress‑induced miRNAs (22). 
p53 is involved in the upregulation of miR‑200c expression in 
human umbilical vein endothelial cells after H2O2 exposure (24). 
miR‑335‑5p expression can also be increased in a p53‑dependent 
manner in several human cancer cells (40). Notably, the protein 
expression, but not mRNA expression of p53 has been reported 
to be significantly higher in PE placentas compared with normal 
controls (41). The present study investigated the relationship 
between ROS, p53 and miR‑335‑5p. The present results suggested 
that p53 knockdown reduced miR‑335‑5p expression in JEG‑3 
cells and decreased the upregulation of miR‑335‑5p upon H2O2 

exposure. The present results suggested that p53 may mediate 
ROS‑induced upregulation of miR‑335‑5p in JEG‑3 cells.

The main limitation of the present study was that the 
exact location and expression levels of p53, miR‑335‑5p, 
Sp1, E‑cadherin, N‑cadherin and Snail in PE and normal 
placenta tissues were not investigated. Future studies will 
need to analyze these factors. Besides the roles in regulating 
EMT process and migration, a previous study reported that 
the targets of miR‑335‑5p participated in the regulation of 
angiogenesis, as determined using Gene Ontology enrichment 
analysis (13). Another study demonstrated that the vascular 
endothelial growth factor (VEGF)‑A gene was the predicted 
target of miR‑335‑5p by using Mirwalk and Mirtarbase 
analyses (14). Since VEGF signaling in general, and the levels 
of VEGF‑A and sVEGFR1 in particular, have been implicated 
in the pathogenesis of PE (4), the potential role of miR‑335 in 
VEGF signaling requires further investigation.

In summary, the present results suggested that miR‑335‑5p 
expression levels in trophoblast cells may be increased by 
ROS in a p53‑dependent manner. In addition, miR‑335‑5p may 
inhibit cell migration and EMT via the downregulation of Sp1. 
Since the JEG‑3 cell line has been widely used as a cell model 
for the function of trophoblasts (42,43), the present in vitro 
experiments may provide novel evidence for the etiology of PE 
and a potential new therapeutic strategy for patients with PE, 
particularly for those with dysregulated EMT.
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