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Abstract. Preeclampsia (PE) is the leading cause of maternal 
and fetal mortality and morbidity. Furthermore, recent 
studies have reported that miR-145 within the preeclamptic 
trophoblast debris may cause the high blood pressure via 
interacting with the maternal endothelium. The aim of the 
present study was to investigate the functions of miR-145 in 
PE. Reverse transcription-quantitative polymerase chain reac-
tion and western blotting were used to assess the expression 
of miR-145 and mucin (MUC1), respectively. TargetScan, 
miRBase and miRWalk were used to predict the targets 
of miR-145. Constructed miR-145 mimic plasmids were 
transfected into HTR-8/SVneo cells for further experiments, 
including an MTT assay for cell proliferation, Transwell assay 
for cell invasion and flow cytometry for cell apoptosis analysis. 
Additionally, the luciferase reporter gene system was employed 
for target verification. The results demonstrated that miR‑145 
is downregulated and MUC1 is upregulated in PE tissues and 
cells compared with normal placenta tissues and cells. The 
correlation analysis suggests that the expression of miR-145 
is negatively correlated with MUC1. Meanwhile, increased 
proliferation, enhanced invasion and decreased apoptosis of 
HTR-8/SVneo cells was observed in miR-145 mimic groups 
compared with mimic control group. Also, the decreased 
luciferase activity in the miR-145 mimic group indicates that 
MUC1 may be a target of miR-145. In summary, the results of 
the present study suggest that miR-145 may serve key roles in 
the regulation of trophoblast cell proliferation and invasion by 
targeting MUC1.

Introduction

Pregnancy-induced hypertension (PIH), also known as 
gestational hypertension, is a pregnancy-specific condition 

characterized by high blood pressure, edema, proteinuria and 
heart and kidney failure (1). PIH is defined as having a diastolic 
blood pressure (DBP) >90 mmHg and systolic blood pressure 
(SBP) >140 mmHg (2). Furthermore, PIH can be classified as 
mild, moderate and severe (3). Severe PIH is called preeclampsia 
(PE), which typically occurs after 20 weeks of gestation and may 
be accompanied by proteinuria, twitch and coma (3). PE is diag-
nosed why SBP ≥160 mmHg and DBP ≥110 mmHg (4). Previous 
studies have demonstrated that PE is a common and severe health 
problem for fetuses and expectant women, a leading cause of 
maternal and fetal mortality and morbidity (5). PE is associated 
with fetus maldevelopment and may lead to eclampsia and even 
miscarriage (5-7). Worldwide, there are ~55,000 deaths associ-
ated with PE reported annually (7), and the underlying cause of 
PE remains unknown. There is currently no effective therapeutic 
or preventative treatment available for PE.

Some previous studies have focused their investigations on 
trophoblast and placental dysfunction, which initiate patho-
genesis (8). Successful implantation and placentation induces 
a series of cellular events associated with embryo attachment 
to the endometrial wall, including embryonic trophoblast cell 
proliferation and migration as well as invasion of the tropho-
blast cells into the endometrium (9). Furthermore, successful 
implantation is associated with remodeling of the uterine 
spiral via extravillous trophoblast (EVT) cell invasion (10). 
EVT cell invasion results in enlarged vessel diameter and the 
perfusion of utero placenta, which leads to increased blood 
flow volume and oxygen transportation (11). As such, abnor-
malities in artery remodeling may cause decreased blood 
flow volume and placental hypoxia, resulting in trophoblast 
dysfunction and possibly preeclampsia (12). Studying this 
process may increase our understanding of the onset and 
development of preeclampsia and potential novel treatment 
methods (13). It has also been reported that some signaling and 
genetic pathways involving vascular endothelial growth factor 
(VEGF), placental growth factor and transforming growth 
factor-β contribute to PE development (7,14). Furthermore, PE 
affects the innate immunity of the fetus due to increased levels 
of inflammatory immune cells and cytokines and decreased 
the regulation of immune cells and cytokines, including 
IL-6, certain chemokines (chemokine ligand 5) and adhesion 
molecules (VCAM, ICAM and E-selectin) (15).

MicroRNAs (miRNAs or miRs) are a family of small 
non-coding RNAs that are able to regulate gene expression 
via degrading mRNA at the post-translational level. Therefore, 
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dysregulation of miRNAs is associated with a number of 
diseases (16). It has previously been reported that C19MC, 
miR-371-3 cluster and C14MC encode pregnancy-associated 
microRNAs that are responsible for the subsequent onset of 
gestational hypertension (17,18).

It has been reported that miR-145 may be able to regulate 
the expression of sex determining region Y‑box 2 and influ-
ence the proliferation and invasion ability of JAR and JEG-3 
cells in the development of human choriocarcinomas (18,19). 
Mucin (MUC1) is a type 1 transmembrane protein that 
serves a vital role in trophoblast cell proliferation and migra-
tion (20). Due to its large size, MUC1 works as a lubricant to 
and affects cell-cell and cell-substrate interactions, reducing 
cell adhesion in tumor tissues (21). Furthermore, a previous 
study demonstrated that MUC1 facilitates cell-cell adhesion 
by binding intercellular adhesion molecule-1 (ICAM-1) and 
E‑selectin (22). The aim of the present study was to define the 
roles of miR-145 in trophoblast cell proliferation and invasion. 
In addition, the impact of MUC1 on trophoblast cell prolifera-
tion and invasion profile was explored.

Materials and methods

Patient tissues. Placenta villi tissues were obtained from 
60 patients (age range, 25-35 years) who underwent caesarean 
section at Huai'an First People's Hospital (Huai'an, China) 
between April 2014 and May 2016. The tissues included 
30 normal placentas (NP) as controls and 30 placentas from 
women with PE. The inclusion criteria were as follows: A 
confirmed diagnosis of PE, systolic blood pressure >140 mm Hg 
and diastolic blood pressure >90 mmHg. Patients were compared 
with 30 healthy controls which were aged matched. All patients 
with complications of pregnancy, including, twins, fetal gene 
abnormalities, maternal chronic hypertension, aberrant liver 
enzyme levels, cardiovascular disease, renal disease, diabetes or 
other infectious diseases were excluded from the current study.

Fresh tissues were flash frozen in liquid nitrogen (‑196˚C). 
The present study was approved by the Ethics Committee of 
Huai'an First People's Hospital.

Cell lines. The HTR-8/SVneo cell line was purchased from 
Otwo Biotech, Inc., (Shenzhen, China). and cultured in RPMI 
1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) with 10% fetal bovine serum (FBS; Gibco, Thermo 
Fisher Scientific, Inc.) at 37˚C in an atmosphere containing 5% 
CO2. The subcultivation ratio was 1:3 to 1:8 and cells were 
sub-cultured 2 to 3 times a week. Cultured cells at passage 4-5 
were subsequently used for cell transfection, MTT, Transwell 
and flow cytometry assays. 

MiR‑145 target gene predictions. TargetScan (http://www.
targetscan.org/vert_71/), miRBase (http://www.mirbase.
org/) and miRWalk (http://zmf.umm.uni-heidelberg.
de/apps/zmf/mirwalk2/) were used for miR-145 target gene 
prediction. MUC1 was identified as a target gene of miR‑145. 
Pearson's correlation analysis was therefore performed for 
miR-145 and MUC1 in PE tissues.

Cell transfection. HTR-8/SVneo cells were seeded in 
24 well-plates in the density of 5x103 cells/well and divided 

into three groups: The negative control group (NC), the 
miR-145 mimic group transfected with miR-145 overexpres-
sion plasmids (miR-145 mimic) and the miR-145 mimic control 
group transfected with empty plasmids (mimic control). The 
constructed miR-145 mimic and mimic control were purchased 
from Cyagen Biosciences, Inc. (Santa Clara, CA, USA). A 
total of 500 ng pBR322 plasmid (cat. no. 15367014; Invitrogen; 
Thermo Fisher Scientific, Inc.) and 2.5 µl Lipofectamine® 
2000 transfection reagent (11668027; Invitrogen; Thermo 
Fisher Scientific, Inc.) were added to each well. RPMI 1640 
(Gibco; Thermo Fisher Scientific, Inc.) was added to reach a 
total of 1 ml in each well. Following 6 h of incubation at 37˚C, 
the medium was replaced with fresh RPMI 1640 medium 
containing 10% bovine serum albumin (cat. no. A8020; 
Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China). Following 48 h transfection, the expression of miR-145 
and MUC1 were verified using RT‑qPCR and western blotting 
respectively, both in the tissues and HTR-8/SVneo cells. This 
experiment was performed in triplicate.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) used for miR‑145 mRNA expression. RT-qPCR 
was employed to assess the relative expression of miR-145 
in NP tissue, PE tissue, the miR-145 mimic and transfected 
HTR-8/SVneo cells. An RNeasy Mini Kit (Qiagen GmbH, 
Hilden, Germany) was utilized to isolate RNA in tissues 
and cells according to the manufacturer's protocol. RNA 
concentration was determined using a Nanodrop 2000 spec-
trophotometer (Thermo Fisher Scientific, Inc., Pittsburgh, PA, 
USA). The M-MLV 1st Strand kit (C28025032; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used 
to synthesize cDNA by RT according to the manufacturer's 
protocol. A Power SYBR-Green Real-Time PCR Master 
Mix kit (RP014A; Takara Bio, Inc., Otsu, Japan) was used 
for qPCR. The temperature protocol for RT was as follows: 
43˚C for 30 min, 98˚C for 5 min and 5˚C for 5 min. The PCR 
conditions were as follows: Pre‑denaturation at 95˚C for 
6 min followed by 36 cycles of initiation at 94˚C for 30 sec, 
annealing at 60˚C for 30 sec, and elongation at 75˚C for 
90 sec. Samples were subsequently stored at 4˚C. Endogenous 
U6 was used as a reference gene to normalize the miR-145 
expression. Human-miR-145 RT-qPCR Primer Set 200 rxn 
was used as the miR-145 primers, forward, 5'-GAG AAC TCC 
AGC TGG TCC TTA-3', and reverse, 5'-GGT GGG AAG GAG 
GCA AAT-3' (AM30047; Applied biosystems; Thermo Fisher 
Scientific, Inc.) and the RT‑qPCR Primer Set 200 rxn was used 
as U6 primers, forward, 5'-CGC TTC GGC AGC ACA TAT ACT 
AA-3', reverse, 5'-TAT GGA ACG CTT CAC GAA TTT GC-3' 
(AM30303; Boyao Biotechnology, Shanghai, China). This 
experiment was performed in triplicate. The expression of 
miR-145 was determined using the 2-∆∆Cq method (23).

Western blotting for MUC1 protein expression. Western blot-
ting was performed to identify the expression of MUC1 in PE 
tissues and HTR-8/SVneo cell transfected with the miR-145 
mimic. Tissues or Cells were lysed using radio immuno-
precipitation assay buffer (P0013B, Beyotime Institute of 
Biotechnology, Haimen, China) and protein was quantified 
using a bicinchoninic acid assay kit (23227; Beijing Biotides 
Biotechnology Co., Ltd., Beijing, China). GAPDH was used 
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as an internal reference. Protein (30 µg) in tissues or cells was 
separated by 12% SDS-PAGE and transferred onto polyvi-
nylidene fluoride membranes (Thermo Fisher Scientific, Inc.). 
Membranes were incubated with antibodies against MUC1 
(1:1,000; cat. no. PA525939; Thermo Fisher Scientific, Inc.) 
and GAPDH (1:500; cat. no. PA1987; Thermo Fisher Scientific, 
Inc.) for 1 h at 25˚C. Membranes were blocked with 5% bovine 
serum albumin (Beijing Solarbio Science & Technology Co., 
Ltd.) for 1 h at 25˚C. Membranes were subsequently incubated 
for 45 min at 25˚C with the goat anti‑rabbit IgG (H+L) Highly 
Cross-Adsorbed secondary antibody, Alexa Fluor® Plus 800 
(1:20,000; cat. no. A32735, Thermo Fisher Scientific, Inc.). 
An enhanced chemiluminescence (ECL) western blotting kit 
(32209; Thermo Fisher Scientific, Inc.) was used to visualize 
the bands. Gray values were obtained using ImageJ software 
version 1.51j8 (National Institutes of Health, Bethesda, MD, 
USA). This experiment was performed in triplicate.

MTT assay for HTR‑8/SVneo cell proliferation. An MTT assay 
was performed to assess cell proliferation. A total of 2,000 
transfected HTR-8/SVneo cells were seeded in 24-well plates 
and incubated at 37˚C for 4 h in an atmosphere containing 5% 
CO2. Subsequently, an MTT Cell Viability Assay kit (KA1606; 
Abnova Corporation, Taipei, Taiwan) was used according to 
the manufacturer's protocol. The optical density at 570 nm 
wavelength was detected using microplate reader at 24, 48 and 
72 h following transfection. This experiment was conducted 
in triplicate.

Matrigel assay for HTR‑8/SVneo cell invasion. Transwell 
culture inserts (8-mm pore size; Falcon; BD Biosciences, 
Franklin Lakes, NJ, USA) were placed into the wells of 24-well 
culture plates with separated the upper and lower chambers. 
Matrigel (BD Biosciences) was pre-coated on the upper side of 
the membrane and incubated at 37˚C for 1 h for gel formation. 
The membrane was hydrated in FBS for 2 h prior to use. In the 
lower chamber, 600 µl RPMI 1640 (Thermo Fisher Scientific, 
Inc.) containing 10% FBS was added and 1x105 cells/well 
were seeded to the upper chamber. Cells in inserts were fixed 
using 4% paraformaldehyde at 4˚C for 15 min and stained with 
0.05% crystal violet for 10 min at room temperature. Cells 
were counted under a light microscope (magnification, x200) 
following 72 h incubation at 37˚C.

Flow cytometry assay for HTR‑8/SVneo cell apoptosis. 
Following transfection, a flow cytometry assay was performed 
to study the apoptosis of HTR-8/SVneo cells. Briefly, the 
transfected cells (1x105 cells/well) were seeded in a 24-well 
plate and incubated at 37˚C for 72 h. HTR‑8/SVneo cells were 
stained with propidium iodide and Annexin V-fluorescein 
isothiocyanate (BD Biosciences) in the dark for 15 min at room 
temperature. Stained cells were subsequently examined using 
a FACScan laser flow cytometer (BD Biosciences) equipped 
with CellQuest software version 3.1 (BD Biosciences). 

Luciferase reporter gene analysis for target verification. 
For the luciferase reporter assay, HTR-8/SVneo cells 
(2,500 cells/well) were seeded in 96-well plates and incubated at 
37˚C in an atmosphere containing 5% CO2 for 24 h. Subsequently, 
MUC1-3'UTR-wild type (WT) and MUC1-3'UTR-mutant 

(MUT) plasmids (2.5 µg; Cyagen Biosciences, Inc.) were 
transfected into the NC, miR-145 mimic and mimic control 
groups using Lipofectamine® 2000. Then, a Luciferase 
Reporter Assay kit (K801‑200; Wuhan Amyjet Scientific Co., 
Ltd., Wuhan, China) was used according to the manufacturer's 
instruction.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. Data were analyzed using GraphPad Prism 
version 5.01 (GraphPad Software, La Jolla, CA, USA). 
Student's t test and one-way analysis of variance followed a 
Dunnett's post hoc test were employed for data comparisons. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Relative expression of miR‑145 mRNA and MUC1 protein in 
NP and PE tissues. To investigate the expression profile of 
miR-145 mRNA and MUC1 protein in normal placental and 
the PE placental tissues, RT-qPCR and western blotting were 
performed, respectively. miR‑145 was significantly downregu-
lated and MUC1 was significantly upregulated in PE compared 
with NP tissues (P<0.01; Fig. 1).

Correlation analysis between miR‑145 and MUC1 expres‑
sion. Correlation analysis was performed to investigate the 
association between miR-145 and MUC1 expression level. The 
results revealed that the expression of MUC1 was negatively 
correlated with miR-145 expression (r=0.9728; Fig. 2).

Relative expression of MUC1 in the miR‑145 mimic group. 
Following transfection of miR-145 mimic plasmids, the 
expression of miR-145 and the MUC1 were determined by 
RT-qPCR and western blotting respectively. miR-145 expres-
sion was significantly higher (P<0.01) and MUC1 expression 
was markedly downregulated in the miR-145 mimic group 
compared with the NC group (Fig. 3).

MTT assay for HTR‑8/SVneo cell proliferation determination. 
To explore the proliferation of HTR-8/SVneo cells, and MTT 
assay was performed. HTR-8/SVneo cells were constructed 
miR-145 mimic plasmids and mimic control plasmids. Results 
demonstrated that the cell proliferation rate was significantly 
increased in the miR-145 mimic group at 72 h following 
transfection compared with the mimic control group (P<0.01; 
Fig.  4). This result suggested that miR-145 may therefore be 
able to promote cell proliferation.

Transwell assay for HTR‑8/SVneo cell invasion determina‑
tion. The effects of miR-145 on HTR-8/SVneo cell invasion 
ability were assessed using a Transwell assay. Cell invasion 
was markedly increased in the miR-145 mimic group compared 
with the mimic control group (Fig. 5). Hence, miR-145 may 
contribute to the invasion ability of HTR-8/SVneo cells.

Flow cytometry assay for HTR‑8/SVneo cell apoptosis. Flow 
cytometry was performed at 72 h following plasmid transfec-
tion. Subsequently, HTR-8/SVneo cells were stained with 
propidium iodide and Annexin V‑fluorescein isothiocyanate. 
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The results indicated that apoptosis was significantly decreased 
in the miR-145 mimic group compared with the mimic control 
group and the mimic control was not significantly different to 
the NC (P<0.05; Fig. 6). 

Luciferase reporter gene analysis for target verification. The 
luciferase reporter system was used to verify that MUC1 was a 
target gene of miR-145 in HTR-8/SVneo cells. Firstly, the data-
base was searched for target prediction. The results revealed 
that MUC1 was a putative target gene of miR-145 (Fig. 7A). 
The constructed MUC1 mutant and wild type plasmids 
were co-transfected with miR-145 mimic and mimic control 
plasmids into HTR‑8/SVneo cells. The fluorescence intensity 
and results of western blotting were significantly lower in the 
miR-145 mimic and MUC1-3'UTR-WT group compared with 
the mimic control group (P<0.01, Fig. 7A; P<0.001, Fig. 7B). 
There were no significant difference between mimic control 
and NC. Therefore, MUC1 confirmed as a target gene of 
miR-145 in HTR-8/SVneo cells.

Discussion

It has previously been demonstrated that miRNA serve vital 
roles in cell proliferation, migration, invasion and apoptosis 
processes in various cancers (24). It is well known that miRNAs 
are able to combine to the putative 3'-UTR of mRNAs to alter 

Figure 2. Correlation between miR-145 and MUC1 expression in 24 NP tissue 
samples. r=-0.9728. miR, microRNA; MUC1, mucin; NP, normal placental.

Figure 1. Relative expression profile of miR‑145 and MUC1 in NP and PE tissues (A) Relative expression of (A) miR‑145 and (B) MUC1 in NP and PE tissues. 
**P<0.01. miR, microRNA; MUC1, mucin; NP, normal placental; PE, preeclampsia.

Figure 3. Expression of MUC1 in the miR-145 mimic group. Expression of 
(A) miR-145 as determined by reverse transcription-quantitative polymerase 
chain reaction and (B) MUC1 as assessed using western blotting. **P<0.01. 
MUC1, mucin; miR, microRNA; NC, negative control. 

Figure 4. OD at 570 nm was detected at 24, 48 and 72 h following transfection 
in the NC, mimic control and miR-145 mimic group. *P<0.05 and **P<0.01 
vs. NC and mimic control groups. OD, optical density; NC, negative control; 
miR, microRNA. 
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Figure 7. Luciferase reporter assay for target verification in the NC, mimic control and miR‑145 mimic groups. (A) Gene target prediction obtained using 
bioinformatics software. Luciferase activity in NC, miR-145 mimic and mimic control groups. **P<0.01 vs. mimic control and NC. (B) Western blotting was 
performed to assess MUC1 expression. Grey value for MUC1 expression in the MUC1 MUT and MUC1 WT groups ***P<0.001 vs. mimic control and NC. NC, 
negative control; miR, microRNA; MUC1, mucin; MUT, mutant; WT, wild type; UTR, untranslated region.

Figure 6. Apoptosis profile in the NC, mimic control and miR‑145 mimic groups. Cells were stained with Annexin V‑FITC and PI and assessed using flow 
cytometry. (A) Apoptosis distribution and (B) percentage of apoptotic cells in the NC, mimic control and miR-145 mimic group. NC, negative control; miR, 
microRNA; FITC, fluorescein isothiocyanate; PI, propidium iodide. *P<0.05 vs. mimic control and NC.

Figure 5. Invasion activity in the NC, mimic control and miR-145 mimic groups. Cells were stained with 0.05% crystal violet and transwell assays were 
performed 72 h post‑transfection. Magnification, x200. NC, negative control; miR, microRNA.
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the function of various genes at the post-translational level, 
and so it was hypothesized that miRNAs may function as a 
regulator of some gene that is associated with the development 
of placenta (25,26). In addition, the underlying mechanisms of 
miRNAs in placenta have not been fully explored (27). In the 
present study, miR-145 was used as the target and the results 
demonstrated that miR-145 was downregulated in PE tissues 
compared with NP tissues. Furthermore, MUC1 was identi-
fied as a target gene of miR‑145 via gene prediction software 
and the luciferase reporter assay. In addition, MTT, Transwell 
and flow cytometry assays was performed in HTR‑8/SVneo 
cells. Further investigation revealed that miR-145 may 
promote HTR-8/SVneo cell proliferation and invasion whilst 
suppressing cell apoptosis. Therefore, in the present study, the 
roles of miR‑145 in placenta development were identified and 
its potential target MUC1 was explored.

It has previously been reported that miR-145 functions 
differently in various types of cancer (28). For example, 
miR-145 inhibits cell growth in gallbladder cancer (29). 
Suppressed cell migration and cancer invasion has also been 
reported, which suggests that miR-145 may function as a 
tumor suppressor (30). The results of the present study are 
in accordance with those of a previous study that indicated 
that miR-145 is a positive regulator of endogenously regulated 
trophoblast expansion (19). Genes associated with trophoblast 
invasion include heme oxygenase-1, epidermal growth factor 
(EGF), VEGF and MUC1 (21,31,32). The results of the present 
study and previous research indicate that there are two path-
ways of MUC1 in cancer cell-cell interactions; in tumor cells, 
MUC1 facilitates metastasis and inhibits cell-cell adhesion by 
binding to ICAM-1 and E-selectin (21), whereas in the female 
reproductive tract MUC1 overexpression reduced the invasion 
capacity of HTR-8/SVneo cells (20). The primary aim of the 
present study was to combine miR-145 and MUC1 to inves-
tigate the effect of miR‑145 in trophoblast cells and confirm 
MUC1 as a target of miR-145.

The present study has several limitations due to the experi-
mental design. Although it was specified that MUC1 was a 
target gene of miR-145 in HTR-8/SVneo cells, the underlying 
mechanism remains to be elucidated. Future studies should be 
performed to explore the whole signaling pathway associated 
with miR-145 and MUC1 including the downstream genes 
associated with cell proliferation, invasion and apoptosis. For 
instance, the B-cell lymphoma 2/B-cell lymphoma 2-associ-
ated X protein signaling pathway, which is a target of MUC1, 
is associated with cell apoptosis (33). Furthermore, proteins 
that serve roles in cell adhesion, including ICAM-1 and 
E-selectin, may be used to assess cell migration and inva-
sion (21). Adrenomedullin 2 (ADM2) has been reported to be 
associated with spontaneous abortion in humans and inhibits 
the expression of MUCI (34). Serum ADM2 is downregulated 
in PE, suggesting that decreased levels of ADM2 level may 
induce the overexpression of MUC1 (34). In future investiga-
tions, multiple factors that regulate the expression of MUC1 
should be explored.

In summary, miR-145 serves an important role in the 
development of trophoblast cells. The results indicated that 
the proliferation was promoted and invasion was inhibited by 
miR-145 targeting MUC1. Therefore, miR-145 may serve a 
role in the development of PE via its effect on trophoblast cells. 
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