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Abstract. Abnormal expression of hypoxia inducible 
factor-1α (HIF-1α) is closely associated with various diseases. 
By detecting the mRNA and protein expression levels of 
microRNA 18b (miR-18b) and HIF-1α in placental tissues of 
preeclampsia (PE) patients and studying the effects of miR-18b 
on total cellular metabolic activity, migration and invasion 
in normal human trophoblast cell lines (HTR-8/SVneo), the 
present study aimed to investigate the effect of miR-18b on 
targeted regulation of HIF-1α and its clinical significance 
in the development of PE. Expression levels of miR-18b and 
HIF-1α mRNA in PE placental tissues were detected by 
reverse transcription-quantitative polymerase chain reac-
tion and corresponding expression levels of HIF-1α protein 
were analyzed by western blotting. miR-18b overexpression 
and inhibited miR-18b expression in HTR-8/SVneo cells, 
which were constructed by transfecting miR-18b mimic 
and inhibitor, respectively, were investigated and the total 
cellular metabolic activity, migration and invasion abilities in 
different groups of cells were compared. Expression levels of 
miR‑18b were significantly reduced in PE placental tissues and 
miR-18b inhibitor-transfected HTR-8/SVneo cells, whereas 
the expression levels of HIF-1α were significantly increased 
in PE placental tissues and significantly decreased in miR‑18b 
mimic-transfected HTR-8/SVneo cells. Overexpression of 
miR-18b inhibited the expression of HIF-1α and reduced the 
cell invasion, migration and viability of HTR-8/SVneo cells. 
However, inhibition of miR-18b expression promoted the 
expression of HIF-1α and increased the cell invasion, migra-
tion and total cellular metabolic activity of HTR-8/SVneo 
cells. The present study indicated that abnormal expression 
of HIF-1α exhibited in PE placental tissues was regulated by 
miR-18b. Furthermore miR-18b expression was demonstrated 
to affect cell invasion, migration and viability through target 

regulation of HIF-1α. The results of the present study suggest 
that miR-18b and HIF-1α may have important roles in the 
development of PE.

Introduction

Preeclampsia (PE), which is predominantly characterized 
by hypertension and proteinuria and is a pregnancy‑specific 
disease that originates in the placenta, is a serious threat to 
maternal and perinatal life (1). Although PE is considered a 
common obstetric complication, the mechanism of pathogen-
esis remains to be fully elucidated. At present, the majority 
of studies suggest that abnormal differentiation and apoptosis 
in trophoblast cells results in cell dysfunction, changes in 
infiltration and spiral artery remodeling in trophoblast cells, 
which eventually leads to the occurrence of PE (2,3). Thus, 
the dysfunction of trophoblast cells is considered an important 
cause of PE. MicroRNA (miRNA) are a class of endogenous 
and highly conserved non-coding small RNA, with the length 
from 18 to 24 nucleotides. The basic function of miRNA is 
to bind to the specific pairing bases of target mRNA [i.e., 
miRNA‑specific binding to the 3' untranslated region (3'UTR) 
of target mRNA], causing degradation or translational repres-
sion of the target mRNA and promoting post-transcriptional 
gene silencing (4). Previous studies suggest that miRNA have 
important roles in various basic physiological processes, such 
as cell growth, differentiation, proliferation and apoptosis (5-7). 
Furthermore, previous studies have indicated a series of 
expression imbalances between miRNA and target genes in 
PE placental tissues, which have resulted in cell dysfunction in 
placental tissues; thus, abnormal expression levels of miRNA 
have been demonstrated to be closely related to the occurrence 
of PE in PE patients (8-10). miR18b (miR-18b) is involved in 
the regulation of multiple diseases. It has been reported that 
miR-18b has a role as a tumor suppressor gene by targeting the 
MDM2-p53 pathway in melanoma (11). Moreover, miR-18b is 
abnormally expressed in gastric cancer (12), breast cancer (13) 
and nasopharynx cancer (14). The present study indicated that 
miR-18b exhibited pathologically low expression levels in PE 
placentas; however, the pathological mechanism of miR-18b in 
the pathogenesis of PE remains poorly studied (15).

Hypoxia inducible factor-1 (HIF-1) is a key transcriptional 
regulatory factor that mediates cellular adaptation to hypoxia 
microenvironment (16). HIF-1 is overexpressed in various 
cancers and precancerous lesions and is considered to be the 
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central initiating molecule of tumor angiogenesis (17). HIF-1 
is a heterodimer that contains two subunits of HIF-1α and 
HIF-1β (18). Taylor (19) revealed that, under normoxic condi-
tions, prolyl hydroxyl-lase domain proteins (PHD) were able 
to hydroxylate the proline residues in the oxygen-dependent 
degradation domain of the Q subunit and subsequently 
enhance the affinity of HIF‑1α and tumor suppressor protein 
(von Hippel-Lindau protein), ultimately promoting the combi-
nation of HIF-1α to a ubiquitin-dependent proteolytic enzyme 
complex to enzyme hydrolysis. In the case of hypoxia, PHD 
activity decreased and HIF-1α rapidly gathered in the intracel-
lular space, combined with β isoforms and was transferred to 
the nucleus to promote the transcription of hypoxia-respon-
sive genes. Ietta et al (20) reported that HIF-1 was the key 
molecular component that mediated the regulation of hypoxia 
during trophoblast cell-associated invasion and differentia-
tion processes. A previous study indicated that the expression 
levels of HIF-1α are sustained throughout pregnancy (21). 
HIF-1α expression in villus tissues is significantly increased 
in weeks 8 to 10 of pregnancy, the time point at which the 
placental oxygen content is lower (22). Additionally, HIF-1α 
expression has been revealed to exhibit a clear downward trend 
in weeks 10 to 12 of pregnancy, the time point at which the 
placental oxygen content increases and the invasion ability of 
trophoblast cells subsequently peaks as maternal-fetal circu-
lation has been established (22). These changes have notable 
influences on the functions of trophoblast cells and the entire 
placenta, indicating that HIF-1α may have a close relationship 
with the pathogenesis of PE.

In the present study, the expression levels of HIF-1α and 
miR-18b in placental tissues were detected and the roles 
of HIF-1α and miR-18b in PE were analyzed. The present 
findings may further elucidate the pathogenesis mechanism 
of PE and provide a novel theoretical basis for the treatment 
of PE.

Materials and methods

Tissue specimen collection. A total of 50 pregnant women 
consisting of 25 PE patients and 25 normal controls were 
selected in the Obstetrics and Gynecology of Qingdao 
Municipal Hospital (Qingdao, China), between May 2014 and 
December 2014. The criteria used for diagnosis of pre-eclampsia 
were as follows: i) Systolic blood pressure of ≥140 mm Hg or 
diastolic blood pressure of ≥90 mm Hg occurring 20 weeks 
post-gestation in a woman whose blood pressure was previ-
ously normal; and ii) proteinuria, with excretion of ≥0.3 g in 
a 24-h period. All studied pregnant women had given birth 
via cesarean section and no significant difference (P>0.05) in 
age (20-35 years old) and gestational age (35-40 weeks) was 
exhibited between the patients of the PE group and the control 
group. All specimen collections were approved by the Ethics 
Committee of Qingdao Municipal Hospital and all subjects 
gave their informed written consent. All cases were confirmed 
by pathology, following surgery. Placental tissue samples were 
collected during cesarean section and immediately stored at 
‑80˚C for detection by reverse transcription‑quantitative poly-
merase chain reaction (RT-qPCR) and western blotting. The 
present study was approved by the Ethics Review Board of 
Qingdao Municipal Hospital.

Reagents. Normal human trophoblast cell line (HTR-8/SVneo) 
cells were purchased from American Type Culture Collection 
(Manassas, VA, USA). TRIzol and Lipofectamine 2000 
were purchased from Invitrogen (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). miR-18b mimics/inhibitors were 
purchased from Shanghai GenePharma Co., Ltd. (Shanghai, 
China). Rabbit anti-human HIF-1α polyclonal antibody was 
purchased from Abcam (ab82832; Cambridge, MA, USA). 
The reverse transcription kit, SYBR PrimeScript miRNA 
RT-PCR kit and SYBR-Green real-time PCR reagents were 
all purchased from Takara Biotechnology Co., Ltd. (Dalian, 
China).

Cell culture and transfection. HTR-8/SVneo cells 
were cultured in Dulbecco's modified Eagle's medium 
(DMEM)-F12 complete culture medium (Hyclone, Logan, 
UT, USA) supplemented with 20% fetal bovine serum (FBS; 
Sijiqing, Hangzhou, China) at 4x105 per well and maintained 
at 37˚C in a humidified atmosphere of 5% CO2 and 20% O2. 
For transfection, HTR-8/SVneo cells were seeded in 6-well 
plates and cell transfection was performed when ~70% conflu-
ency was achieved. Four groups were allocated, consisting of 
the hsa-miR-18b mimic transfected group (transfected with 
mimic), hsa-miR-18b inhibitor transfected group (transfected 
with inhibitor), negative control transfected group (transfected 
with negative controls) and non-transfected control group 
(blank/no transfection preformed). Lipofectamine 2000 
transfection reagents were used for transfection. Cells were 
harvested at 48 h following transfection.

RNA extraction and reverse transcription. Total RNA were 
extracted from placental tissues and HTR-8/SVneo cells using 
the TRIzol and phenol chloroform method. RNA was reverse 
transcribed into cDNA, and the cDNA was stored at ‑20˚C. For 
miRNA reverse transcription, the reverse transcription system 
consisted of 6 µl RNA, 10 µl miRNA reaction buffer mix (2X), 
2 µl BSA (0.1%) and 2 µl miRNA PrimeScript RT Enzyme 
mix. Reverse transcription was performed at 37˚C for 60 min.

RT‑qPCR analysis. mRNA expression levels of miR-18b and 
HIF-1α in tissues and HTR-8/SVneo cells were detected by 
SYBR-Green quantitative PCR. U6 and GAPDH were used 
as internal controls of miR-18b and HIF-1α, respectively. 
RT-qPCR for miR-18b was performed in 25 µl of reaction system 
containing 12.5 µl SYBR Premix Ex Taq, 0.5 µl forward primer 
(5'‑UAAGGUGCAUCUAGUGCAGUUAG‑3'), 1 µl Uni‑miR 
qPCR primer (5'‑CCAUAAGGUGCAUCUAGUGCAGU‑3'), 
2 µl template and 8.5 µl double-distilled H2O. RT-qPCR for 
miR-18b was performed using a verititm 96-well thermal 
cycler (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
using the following procedure: 95˚C for 30 sec, followed by 
40 cycles of 94˚C for 5 sec and 60˚C for 20 sec. RT‑qPCR 
for HIF-1α was performed in a 20-µl reaction mixture 
containing 10 µl SYBR Premix Ex Taq, 0.5 µl forward primer 
(5'‑TCAAAGTCGGACAGCCTCAC‑3'), 0.5 µl reverse primer 
(5'‑TAGCTGCATGATCGTCTGGC‑3'), 1 µl cDNA template 
and 8 µl double-distilled H2O. RT-qPCR for HIF-1α was 
performed using the following procedure: 95˚C for 10 min, 
followed by 40 cycles of 94˚C for 1 min, 60˚C for 40 sec and 
72˚C for 40 sec. Each experiment was performed in triplicate. 
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The relative expression of HIF-1α was calculated using the 
2‑∆∆Cq method (23).

Western blotting. Total proteins (50 µg) were extracted from 
placental tissues and HTR-8/SVneo cells by incubating with 
pre-cold RIPA lysate (50 mM Tris-base, 1 mM EDTA, 150 mM 
NaCl, 0.1% SDS, 1% Triton X-100 and 1% sodium deoxycho-
late). The concentration of protein was determined using a 
BCA Protein Assay kit (Beyotime Institute of Biotechnology, 
Shanghai, China). Proteins of 10 µl were subjected to a 12% 
SDS-PAGE electrophoresis (100 V) and transferred to a PVDF 
membrane (Merck Millipore, Darmstadt, Germany). The 
membrane was blocked with 5% skimmed milk in Tris-buffered 
saline with 0.1% Tween-20 for 1 h at room temperature. The 
primary antibodies anti-HIF-1α (ab113642; 1:1,000; Abcam) 
and anti-GAPDH (ab8245; 1:2,000; Abcam) for detecting the 
expression of endogenous GAPDH as an internal reference 
were incubated at 4˚C overnight. After washing with PBS with 
Tween-20 for 15 min three times, the secondary antibodies 
horseradish peroxidase-conjugated goat anti-rabbit antibodies 
(ab6789, 1:1,000, Abcam) were added and incubated for 1 h 
at room temperature and then washed by PBS with Tween-20 
for 15 min three times. Chemiluminescence reagent (EMD 
Millipore, Billerica, MA, USA) was used for color develop-
ment. The protein was placed in the ECL luminescent solution 
and the image signal was obtained and analyzed by the image 
lab software (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The gray value of the target protein band was compared with 
that of the GAPDH. The ratio of the gray value of the band is 
the relative content of the target protein.

Cell migration. Effects of miR-18b on the migration of 
HTR-8/SVneo cells were measured using a Transwell cham-
bers assay (Corning Inc., Corning, NY, USA). Transfected cells 
were trypsinized, resuspended to 5x105 cells/ml in DMEM 
supplemented with 0.1% bovine serum albumin (BSA). Cells 
(200 µl with the density of 5x105 cells/ml) were added to the 
upper compartment of the chamber. To the lower compartment, 
DMEM supplemented with 20% FBS was added as the chemo-
tactic factor. Once incubated at 37℃ for 4 h, cells inside the 
upper compartment of the chamber were wiped and the cells 
migrated through to the lower compartment of the chamber 
were fixed with 100% methanol. Evaluation of migrated cells 
was performed under a light microscope at a magnification of 
x400 following 0.1% crystal violet cell staining.

MTT assay. The effect of miR-18b on total cellular metabolic 
activity of HTR-8/SVneo cells was studied using an MTT Cell 
Viability Assay kit (Beyotime Institute of Biotechnology). 
HTR-8/SVneo cells were cultured in DMEM supplemented 
with 10% BSA at 37˚C in a humidified atmosphere containing 
5% CO2. Subsequently, cells were transfected with hsa-miR-18b 
mimic, hsa-miR-18b inhibitors, negative control vector or not 
transfected (blank used for comparison) in 96-well plates 
at a density of 3,000 cells/well using Lipofectamine 2000, 
according to the manufacturer's instructions. For the MTT 
assay, each sample was provided with three parallel wells 
and 15 µl of MTT was added to each well at 24, 48 and 72 h 
following transfection. Following 4‑h incubation at 37℃, the 
supernatant was removed, dimethyl sulfoxide (10 µl/well) was 

added and incubated at 37℃ for 4 h to dissolve the purple 
formazan and the absorbance value of each well was read at a 
wavelength of 492 nm.

Cell invasion assay. The invasive ability of HTR-8/SVneo cells 
(ATCC) seeded in 24-well plates was examined using growth 
factor-depleted matrigel invasion chambers (BD Biosciences, 
San Jose, CA, USA) and Transwell inserts (Corning, Inc., NY, 
USA). A total of 500 µl serum-free DMEM (HyClone) was 
added to Matrigel chambers, incubated at room temperature 
for 1 h to hydrate matrix glue and the remaining medium 
was removed. Subsequently, 750 µl DMEM supplemented 
with 20% FBS (Sijiqing, Hangzhou, China) was added to 
the lower chamber. Cells were transfected with hsa-miR-18b 
mimic, hsa-miR-18b inhibitors, negative control vector or 
not transfected (blank). Transfected cells were trypsinized, 
centrifugally collected and resuspended to 4x105 cells/ml in 
DMEM supplemented with 0.1% BSA. Cells (500 µl with the 
density of 4x105 cells/ml) were added to the upper compart-
ment of the chamber. Following incubation at 37˚C in a 
humidified atmosphere containing 5% CO2 for 18 h, the cells 
inside the upper compartment of the chamber were wiped 
using a cotton swab and the cells invaded through to the lower 
compartment of the chamber with 100% methanol were fixed. 
Evaluation of migrated cells was performed under a light 
microscope following 0.1% crystal violet (Beyotime Institute 
of Biotechnology) cell staining.

Statistical analysis. All statistical analyses were performed 
using Statistical Package for Social Sciences software for 
Windows (version 16.0; SPSS, Inc., Chicago, IL, USA). Each 
experiment was repeated in triplicate (n=3). Data are presented 
as mean ± standard deviation. All data were analyzed with a 
normality test. Variance analysis was applied for multiple sets 
of measurement data analysis and Student's t‑test was applied 
for two sets of data analysis. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Expression levels of miR‑18b and HIF‑1α in PE and normal 
placental tissues detected by RT‑qPCR. mRNA expression 
levels of miR-18b and HIF-1α in PE and normal placental 
tissues were detected by RT-qPCR. As indicated in Fig. 1, the 
mRNA expression levels of HIF-1α mRNA in PE placental 
tissues were significantly increased when compared with 
normal placental tissues (P<0.05; Fig. 1A) and the mRNA 
expression levels of miR-18b in PE placental tissues were 
significantly decreased when compared with normal placental 
tissues (P<0.05; Fig. 1B). These results indicate that the down-
regulated mRNA expression levels of miR-18b may be related 
to the presence of HIF-1α in placental tissues.

Prediction of hsa‑miR‑18b target genes. Target genes of 
hsa-miR-18b were predicted using TargetScan software 
(http://www.targetscan.org/) as described previously (24). 
Results indicated a targeted regulatory relationship between 
HIF-1α and miR-18b and the specific regulatory binding 
sequences were shown in Fig. 2. The present finding suggests 
that HIF-1α is one of the target genes of miR-18b.
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Protein expression of HIF‑1α in placental tissues. Protein 
expression levels of HIF-1α in PE and normal placental tissues 
were detected by western blotting. Consistent with the trend 
observed for HIF-1α mRNA expression, the protein expres-
sion levels of HIF-1α in PE placental tissues were significantly 
increased when compared with normal placental tissues 
(P<0.05; Fig. 3). This result indicates that the abnormal expres-
sion of HIF-1α is closely related to the occurrence of PE.

Expression of HIF‑1α in transfected HTR‑8/SVneo cells. To 
verify the regulation of miR-18b on the expression of HIF-1α 
gene, mRNA expression levels of HIF-1α in hsa-miR-18b 
mimic-transfected, hsa-miR-18b inhibitor-transfected and 
negative control vector-transfected HTR-8/SVneo cells (NC) 
and normal HTR-8/SVneo cells (blank) were compared by 
RT‑qPCR. mRNA expression levels of miR‑18b were signifi-
cantly increased in miR-18b mimic transfected HTR-8/SVneo 
cells, which were >1.7‑fold higher when compared with the NC 
and blank groups (P<0.05; Fig. 4A). Furthermore, the mRNA 
expression levels of miR‑18b were significantly decreased in 
miR-18b inhibitor-transfected HTR-8/SVneo cells, which were 
<30% of the mRNA expression levels exhibited by miR-18b 
in the NC and blank groups (P<0.05; Fig. 4A). Moreover, the 
mRNA and protein expression levels of HIF-1α gene were 
compared. When compared with the expression levels exhib-
ited in the NC and blank groups, overexpression of miR-18b 
resulted in significantly decreased expression levels of HIF‑1α 
in HTR-8/SVneo cells at protein (P<0.05; Fig. 4B and C) and 
mRNA level (P<0.05; Fig. 4D). Conversely, inhibited expres-
sion of miR‑18b resulted in significantly increased expression 
levels of HIF-1α in HTR-8/SVneo cells at protein (P<0.05; 
Fig. 4B and C) and mRNA level (P<0.05; Fig. 4D). These 
results suggest that overexpression of miR-18b may inhibit the 
transcription and translation of HIF-1α gene.

miR‑18b inhibits cell migration and invasion ability of 
HTR‑8/SVneo cells. Possible effects of miR-18b on the cell 
migration and invasion ability of HTR-8/SVneo cells were 
studied using the cell migration and invasion assay. When 
compared with the NC and blank groups, overexpression 
of miR-18b resulted in significantly decreased cell migra-
tion and invasion abilities of HTR-8/SVneo cells (P<0.05; 
Fig. 5); however, inhibited expression of miR-18b resulted in 
significantly increased cell migration and invasion abilities of 
HTR-8/SVneo cells (P<0.05; Fig. 5). These results suggest that 
miR-18b may inhibit the cell migration and invasion abilities 
of HTR-8/SVneo cells.

miR‑18b inhibits total cellular metabolic activity of 
HTR‑8/SVneo cells. Possible effects of miR-18b on the total 
cellular metabolic activity of HTR-8/SVneo cells were studied 
using MTT assays. When compared with the NC and blank 
groups, overexpression of miR‑18b resulted in significantly 
decreased total cellular metabolic activity of HTR-8/SVneo 
cells; however, inhibited expression of miR-18b resulted in 
significantly increased total cellular metabolic activity of 
HTR-8/SVneo cells (P<0.05; Fig. 6). These results indicate 
that miR-18b may inhibit the total cellular metabolic activity 
of HTR-8/SVneo cells.

Discussion

It has been reported that abnormalities of placental trophoblast 
cells may be associated with the pathogenesis of PE (25,26). 
Invasion disorder of trophoblast cells is a central link in the 
development of PE and placenta ischemia, and hypoxia of PE 
has been indicated to further aggravate the invasion disorder 
of trophoblast cells, subsequently forming a vicious cycle (27).

HIF-1α is able to regulate the transcription of various 
hypoxia-sensitive factor genes (28). Studies have indicated 
that the 401 to 603 amino acid residues of HIF-1α have 
an oxygen-dependent degradation domain (29,30). Under 
normoxic conditions, HIF-1α is degraded and therefore it is 
difficult to detect the presence of HIF‑1α. However, in the 
case of hypoxia, the degradation of HIF-1α is blocked and 
HIF-1α accumulates in the nucleus (31). The accumulated 
HIF-1α combines with HIF-1β in the nucleus to form HIF, 

Figure 1. Expression of (A) HIF-1α and (B) miR-18b in PE and normal placental tissues detected by reverse transcription-quantitative polymerase chain reac-
tion. *P<0.05 vs. normal placental tissues. HIF-1α, hypoxia inducible factor-1 α; PE, preeclampsia; miR-18b, microRNA 18b.

Figure 2. Predicted specific regulatory binding sequences of miR‑18b to 
HIF-1α using Targetscan software. HIF-1α, hypoxia inducible factor-1 α; 
miR-18b, microRNA 18b.
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which further activates the transcription and expression of 
hypoxia-sensitive factor genes by binding to the hypoxia 
response elements (32). HIF-1 is able to regulate the expres-
sion of various factors, such as the vascular endothelial growth 
factor (VEGF), VEGF receptors (33) and glucose transporters, 
which have important roles in erythropoiesis, cell prolifera-
tion and differentiation (34). In the present study, mRNA and 
protein expression levels of HIF-1α in PE placental tissues 
were significantly higher than that in the normal population.

It remains unclear whether specific miRNA may partici-
pate in the pathogenesis of PE. Mature miRNA combine with 

other proteins to form miRNA-induced silencing complexes, 
recognize and bind to target genes by complete or incomplete 
complementary binding to the 3'‑UTR of the target mRNA and 
regulate the expression of target genes (35). Pineles et al (36) 
reported that differential expression of miR-182 and miR-210 
was exhibited in the placentas of PE patients and normal indi-
viduals. In addition, Zhu et al (37) indicated that the expression 
of 34 miRNA was disordered in PE placentas, including 
23 miRNA upregulated and 11 downregulated. Further func-
tional investigation in their study indicated that these miRNA 
have important roles in the process of placenta development 

Figure 3. Expression of HIF-1α protein in PE and normal placental tissues detected by western blotting. (A) Expression of HIF-1α protein in PE and normal 
placental tissues. (B) Relative expression level of HIF-1α protein in PE placental tissues to in normal placental tissues. *P<0.05 vs. normal placental tissues. 
HIF-1α, hypoxia inducible factor-1 α; PE, preeclampsia.

Figure 4. Expression of HIF-1α and miR-18b in hsa-miR-30c mimic (mimic), hsa-miR-30c inhibitor (inhibitor), negative control transfected (NC) and non-trans-
fected HTR-8/SVneo cells (blank) detected by reverse transcription- quantitative polymerase chain reaction and western blotting. (A) Relative mRNA expression 
levels of miR-18b in all groups of HTR-8/SVneo cells. (B) Expression levels of HIF-1α protein in all groups of HTR-8/SVneo cells. GAPDH was used as a 
loading control. (C) Relative expression levels of HIF-1α protein in all groups of HTR-8/SVneo cells. (D) Relative expression levels of HIF-1α mRNA in all 
groups of HTR-8/SVneo cells. *P<0.05 vs. Blank. #P<0.05 vs. NC. HIF-1α, hypoxia inducible factor-1 α; PE, preeclampsia; miR-18b, microRNA 18b.
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and PE occurrence and development (37). Wang et al revealed 
that miR-18b was highly expressed in non-metastatic colon 
cancer specimens by miRNA chip detection (38). Furthermore, 
a previous study demonstrated that the expression of miR-18b 
was elevated in human basal cell carcinoma, suggesting that 
miR-18b may be involved in the occurrence and development 
of basal cell carcinoma (39). It has been suggested that in 
different tissues, the function and expression of miR-18b may 
differ (40).

The villous trophoblast bilayer covering the placental villi 
consists of the underlying cytotrophoblast layer and outer 
syncytiotrophoblast layer. A population of cells, extravillous 
trophoblasts (EVTs), detach from placental villi in the first 
20 weeks of pregnancy and invade the uterine wall, remod-
eling the maternal uterine arteries in normal pregnancy (41). 
HTR-8/SVneo cells are non-cancerous cells isolated from 
EVT (42). In the present study, HTR-8/SVneo cells were used 
to investigate the function of miR-18b in placenta trophoblast 

cells. miR-18b mimic and miR-18b inhibitor were transfected 
into HTR-8/SVneo cells and the changes of related cellular 
functions were studied. RT-qPCR results showed that the 
mRNA expression levels of miR-18b were significantly 
increased in miR‑18b mimic‑transfected cells and significantly 
decreased in miR-18b inhibitor-transfected cells, suggesting 
that miR-18b mimic and inhibitor were able to regulate the 
expression of miR-18b. Using RT-qPCR and western blotting, 
the present study revealed that overexpression of miR-18b 
significantly inhibited the expression of HIF-1α, whereas 
inhibition of miR‑18b significantly increased the expression 
of HIF-1α in HTR-8/SVneo cells. Subsequently, the effects 
of target regulation of miR-18b on HIF-1α with respect to 
cell biological functions were further investigated and the 
mechanism of abnormal expression of miR-18b exhibited 
in the development of PE was explored. The present results 
indicated that, in miR-18b-overexpressing HTR-8/SVneo cells, 
the total cellular metabolic activity, migration and invasion 
ability were significantly decreased, whereas these abilities 
were significantly increased when the expression of miR‑18b 
was inhibited. These results suggest that miR-18b may be 
involved in the development of PE through targeted regulation 
of HIF-1α, subsequently affecting the cell migration, invasion 
and viability of HTR-8/SVneo cells.

The present study exhibited some limitations. One limita-
tion was that the HTR8-SVneo cell line, a model of primary 
EVT used in the present study, is proliferative and may behave 
differently to primary cells. Furthermore, miR-18b expression 
in human placental tissue was obtained at the end of preg-
nancy and not at the first 20 weeks of pregnancy, during which 
uterine spiral artery remodeling occurs. Therefore, whether 
altered miR-18b expression was the cause or the consequence 
of pre-eclampsia is unknown. Moreover, we did not further 
investigate the clinical implication of in vivo reduced miR-18b 
expression or evaluate the clinical benefits. Further studies are 
required to overcome these limitations.

In conclusion, we believe that the present study indicated 
that miR-18b may act as an inhibitory factor in the patho-
genesis of PE, and that miR-18b and HIF-1α have a critical 
role in the development of PE. We suggest that designing 
targeted therapies towards miR-18b and HIF-1α and clinically 

Figure 5. Cell migration and invasion of hsa-miR-18b mimic (mimic), hsa-miR-18b inhibitor (inhibitor), negative control transfected (NC) and non-transfected 
HTR-8/SVneo cells (blank) detected using the cell invasion assay. (A) Relative number of cell migration in all groups of HTR-8/SVneo cells. (B) Relative 
number of cell invasion in all groups of HTR-8/SVneo cells. *P<0.05 vs. Blank. #P<0.05 vs. NC. HIF-1α, hypoxia inducible factor-1 α; miR-18b, microRNA 18b.

Figure 6. Relative absorbance of hsa-miR-18b mimic (mimic), hsa-miR-18b 
inhibitor (inhibitor), negative control transfected (NC) and non-transfected 
HTR-8/SVneo cells (blank). Total cellular metabolic activity was detected 
by MTT assay. *P<0.05 vs. Blank. #P<0.05 vs. NC. HIF-1α, hypoxia inducible 
factor-1 α; miR-18b, microRNA 18b.
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monitoring the expression of miR-18b and HIF-1α in placental 
tissue of PE patients may be helpful in improving the diagnosis 
and prognosis of PE.
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