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Abstract. Long non‑coding RNAs (lncRNAs) may play 
a key role in the pathogenesis of preeclampsia (PE). The 
present study investigated the role of the lncRNA brain 
cytoplasmic RNA 1 (BCYRN1) in PE. A total of 30 patients 
with severe PE (SPE) and 30 patients with mild PE (MPE) 
were recruited, whilst 30 healthy pregnant individuals were 
enrolled as controls. Placental tissues of enrolled subjects 
were collected after delivery. The clinical data of pregnant 
women and newborns were recorded before the correlation 
between BCYRN1 expression and clinical characteristics was 
analyzed. Furthermore, HTR‑8/SVneo cells were transfected 
with BCYRN1 overexpression plasmids and BCYRN1 small 
interfering (si)RNA. Cell Counting Kit‑8, Transwell, flow 
cytometry and tube formation assays were used to detect 
the function of BCYRN1 in HTR‑8/SVneo cells. Reverse 
transcription‑quantitative PCR was used to detect BCYRN1 
expression in placental tissues and HTR‑8/SVneo cells. 
Western blotting was used to detect the protein expression 
levels of Wnt1 and β‑catenin. BCYRN1 expression was lower 
in placenta with mild PE compared with in normal placenta, 
and was in turn lower in placenta with severe PE. BCYRN1 
was negatively correlated with systolic blood pressure and 
24‑h urinary protein in patients with PE. BCYRN1 siRNA 
inhibited cell viability, migration, invasion and tube forming 
abilities whilst increasing apoptosis. By contrast, BCYRN1 
overexpression conferred opposite effects. The levels of Wnt1 
and β‑catenin expression in the cells and placental tissues 
were next measured. Cells overexpressing BCYRN1 were 
further treated with the Wnt pathway inhibitor XAV939. Wnt1 
and β‑catenin expression were elevated when BCYRN1 was 

overexpressed, but were decreased after BCYRN1 knockdown. 
XAV939 attenuated the effect of BCYRN1 overexpression 
on HTR‑8/SVneo cells. Overall, the resulted indicated that 
upregulation of BCYRN1 increased trophoblast viability and 
prevented apoptosis by activating the Wnt/β‑catenin pathway 
to delay PE onset.

Introduction

Preeclampsia (PE) is a predominant pregnancy‑specific 
vascular disorder of increasing incidence, which is also 
a major cause of maternal and infant morbidity and 
mortality (1). PE affects 5‑7% of all pregnant women and 
is responsible for >70,000 maternal and 500,000 fetal 
mortality worldwide every year (2). PE is characterized by 
new‑onset hypertension and proteinuria after 20 weeks of 
pregnancy (3). Individuals with PE and their children are at 
a higher risk of developing severe cardiovascular complica‑
tions and metabolic disorders (4). Clinical and pathological 
studies previously confirmed that placental dysplasia, exces‑
sive maternal inflammation and endothelial dysfunction 
are central to the pathogenesis of PE (2,5). Accumulating 
evidence has also shown that the etiology of PE involves 
poor placentation due to inadequate trophoblast inva‑
sion (6,7). Therefore, it is imperative to perform preclinical 
experiments in trophoblasts to elucidate the mechanism 
underlying PE pathogenesis.

It has been previously indicated that long non‑coding 
RNAs (lncRNAs) can serve active roles in numerous 
cellular processes, including regulation of gene expression, 
and post‑transcriptional and epigenetic modifications in 
the development of most organs, such as the placenta (8,9). 
Genome‑wide lncRNA expression profile studies in PE 
placentas using microarray have highlighted a number 
of differentially expressed lncRNAs in placentas with PE 
compared with in normal placenta  (10,11). In particular, 
lncRNAs, including H19, metastasis associated lung 
adenocarcinoma transcript 1 and HOX antisense intergenic 
RNA, have all been reported to regulate the pathogenesis 
of PE (12‑14). An existing review outlined that lncRNAs 
have an impact on both the occurrence and development of 
PE through changes in the biological functions of tropho‑
blasts, immune regulation, epigenetic regulation and energy 
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metabolism (15). The aim of the present study was to iden‑
tify new lncRNAs to explore the potential mechanism of 
PE. Brain cytoplasmic RNA 1 (BCYRN1) is a brain‑specific 
lncRNA with a confirmed regulatory role in dendritic 
translation in neurons (16). It has also been reported that 
BCYRN1 is expressed in a variety of cancer cells, such as 
colon cancer and esophageal cancer cells, which can regulate 
the expression of various proteolytic enzymes and promote 
tumor migration and invasion (17,18). Since BCYRN1 can 
promote the proliferation and migration of airway smooth 
muscle cells (19,20), it may also affect the biological func‑
tion of non‑cancer cells. Trophoblasts have been recognized 
to share histological and behavioral characteristics with 
cancer cells (21). It has been widely reported that insufficient 
trophoblast infiltration is a key cause of PE (22). As such, the 
expression and activation of proteolytic enzymes is required 
for the invasion of ectotrophoblast cells into the decidua 
and subsequent initiation of vascular remodeling (23,24). 
However, whether lncRNA BCYRN1 can exert regulatory 
effects on trophoblast cells warrants further investigation. 
Therefore, the present study aimed to identify the expression 
profile and clinical relevance of the lncRNA BCYRN1 in 
placentas with PE, to explore the effect of lncRNA BCYRN1 
on the biological physiology of HTR‑8/SVneo trophoblasts 
and their possible underlying mechanism.

Materials and methods

Study subjects. A total of 30 patients with mild PE (MPE group) 
and 30 patients with severe PE (SPE group) who underwent 
cesarean section at the Affiliated Hospital of North Sichuan 
Medical College (Nanchong, China) between April 2017 and 
April 2019 were recruited. In addition, 30 healthy pregnant 
women who delivered via cesarean section were selected 
as the control group (Normal group). All pregnancies were 
singleton and delivered via cesarean section. Those with preg‑
nancy‑related or other complications, including gestational 
diabetes mellitus, primary hypertension and chronic nephritis, 
were excluded. The diagnostic criteria of SPE according to 
the 8th edition of Obstetrics and Gynecology published by 
the People's Medical Publishing House were used (25). The 
specific diagnostic criteria for PE were as follows: i) ≥2 blood 
pressure rises [systolic blood pressure (SBP) ≥140 mmHg or 
diastolic blood pressure (DBP) ≥90 mmHg] after 20 weeks 
of gestation at an interval time of ≥6 h; and ii) 24‑h urine 
protein ≥300 mg. Patients with PE who met ≥1 of the following 
criteria were diagnosed as SPE: i) SBP ≥60 mmHg or DBP 
≥110 mmHg; ii) platelet count <100x109/l; iii) liver function 
damage (serum transaminase concentration >2 times of the 
upper limit of the normal range (~0‑40 U/l)); iv) renal function 
impairment, such as the 24‑h urine protein ≥2 g, 24‑h urine 
volume <400 ml or serum creatinine >106 µmol/l; v) pulmo‑
nary edema; vi) persistent headache, visual impairment or 
other abnormalities of central nervous system; vii)  heart 
failure; viii) fetal growth restriction or oligohydramnios and 
placental abruption; and ix) intravascular hemolysis, including 
anemia, jaundice and increased lactate dehydrogenase levels. 
Patients who were not diagnosed with SPE were considered 
MPE. The present study was approved by the Academic 
Ethics Committee of the Affiliated Hospital of North Sichuan 

Medical College and informed consent was obtained from all 
individuals.

Sample collection. Placental tissues of the enrolled indi‑
viduals were obtained 15  min after delivery. Placental 
biopsies (2x2x2 cm) were collected at 3, 6, 8 and 12 o'clock 
on the maternal surface and at the central position to avoid 
the placental margin, calcification, hemorrhage and necrosis. 
The placental tissues were washed with PBS, frozen in liquid 
nitrogen and stored at ‑80˚C for mRNA and protein extrac‑
tion after the blood in the tissue was removed with sterile 
filter paper. The diagnosis of preeclampsia and grading in this 
study was not based on pathological tissues, but on clinical 
symptoms and indicators. Therefore, hematoxylin and eosin 
staining was not performed on the placental tissues.

Cell culture. HTR‑8/SVneo cells, (American Type Culture 
Collection), which are frequently used to study the function 
of trophoblasts, were generated by using freshly isolated 
extravillous cytotrophoblasts from first trimester placenta and 
transfected with a plasmid containing the simian virus 40 large 
T antigen (26). It contains two populations, one of epithelial 
and one of mesenchymal origin (27). HTR‑8/SVneo cells were 
seeded in a 25‑cm2 flask and cultured in RPMI‑1640 (Thermo 
Fisher Scientific Inc.) containing 10% fetal bovine serum (FBS; 
PAN‑Biotech GmbH), 100 U/ml streptomycin and 100 U/ml 
penicillin at 37˚C and 5% CO2. After the HTR‑8/SVneo cells 
grew to ~75% confluency, the cells were detached with 1 ml 
0.25% trypsin (Sinopharm Chemical Reagent Co., Ltd.) and 
passaged at a ratio of 1:2. The cells in the logarithmic growth 
phase were selected for subsequent experiments.

Cell transfection. Sequences for small interfering (si)RNAs 
against BCYRN1 (forward, 5'‑UUG​CUU​UGA​GGG​AAG​UUA​
C‑3' and reverse, 5'‑GUA​ACU​UCC​CUC​AAA​GCA​ATT‑3'), 
negative control (NC) siRNA (forward, 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​U‑3' and reverse, 5'‑ACG​UGA​CAC​GUU​CGG​
AGA​A‑3'), the recombinant plasmid pcDNA3.1‑BCYRN1 
and pcDNA3.1 empty vector were purchased from Shanghai 
GenePharma Co., Ltd. HTR‑8/SVneo cells were placed 
in 96‑well plates (5x103  cells/well) and transfected using 
Lipofectamine® 3000 (Thermo Fisher Scientific, Inc.) when the 
cells reached 70‑90% confluence. Cells were assigned into the 
si‑BCYRN1 (2 µl), si‑NC, pcDNA3.1‑BCYRN1 (1,000 ng) and 
pcDNA3.1 groups. At 12 h post‑siRNA‑transfection or 8 h 
post‑vector‑transfection, the medium was refreshed and cells 
were cultured further at 37˚C with 5% CO2. Untransfected 
cells were used as the control group. Total RNA was extracted 
at 48 h post‑transfection and BCYRN1 expression was veri‑
fied via reverse transcription quantitative polymerase chain 
reaction (RT‑qPCR). In addition, HTR‑8/SVneo cells trans‑
fected with pcDNA3.1‑BCYRN1 for 24 h were incubated in 
the medium containing the Wnt signaling inhibitor XAV939 
(2 µmol/l; cat. no. HY‑15147; MedChemExpress) at 37˚C for 
24 h, whilst the medium supplemented with dimethyl sulf‑
oxide (DMSO) was used as a control.

Cell Counting Kit‑8 (CCK‑8) assay. HTR‑8/SVneo cells 
were plated into 96‑well plates at 5,000 cells/well and placed 
in 5% CO2 at 37˚C. In total, 20 µl CCK‑8 (Nanjing Jiancheng 
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Bioengineering Institute) detection solution was added to 
each well at 37˚C for 1 h. Absorbance values at 450 nm were 
detected in each well at 0, 24, 48, 72 and 96 h, respectively, 
using an automatic microplate reader (Bio‑Rad 680; Bio‑Rad 
Laboratories, Inc.).

Flow cytometry. The or iginal culture medium of 
HTR‑8/SVneo cells was first discarded before 1.5 ml 0.25% 
trypsin without EDTA was added to each plate. After 
washing with PBS, 1x105 cells were collected and cultured in 
the dark with 5 µl Annexin V‑APC and 5 µl PI staining solu‑
tion (Nanjing Keygen Biotech Co., Ltd.) for 15 min at room 
temperature, followed by detection using a flow cytometer 
(MoFloAstrios EQ; Beckman Coulter, Inc.). Annexin V‑APC 
(+) PI (‑) cells were defined as early apoptotic cells whereas 
Annexin Ⅴ‑APC (+) PI (+) cells were defined as late apoptotic 
cells. The flow cytometry data were analyzed using FlowJo 
software 8.7.1 (FlowJo LLC). The apoptotic rate was calcu‑
lated as (early apoptotic cells +  late apoptotic cells)/total 
cells x100%.

Transwell assays. HTR‑8/SVneo cells were resuspended in 
serum‑free RPMI‑1640 medium and seeded into the upper 
chamber of the Transwell chamber (8‑µm pore size; Corning, 
Inc.) precoated with Matrigel (BD Biosciences; Matrigel was 
diluted at 1:8 and added in the Transwell chamber until fully 
solidified at 37˚C for 12 h) in a single layer with 5x104 cells/well. 
RPMI‑1640 medium with 10% FBS was placed into the lower 
chamber. Cells were cultured for 48 h at 5% CO2 at 37˚C. The 
cells were then fixed for 15 min with 95% ethanol at room 
temperature and stained for 20 min with 0.1% crystal violet at 
room temperature. Three visual fields were arbitrarily selected 
for each well under a light microscope (magnification, x100) 
to count the number of invasive cells for statistical analysis. 
Transwell chambers without Matrigel were used to measure 
cell migration in the same manner.

Matrigel‑based tube formation assay. The serum‑free 
RPMI‑1640 culture medium was mixed with Matrigel at 1:1 
in an ice box overnight. This mixture was then placed into 
24‑well plates at 150 µl/well at 37˚C for 30 min for solidi‑
fication. HTR‑8/SVneo cells were detached using trypsin, 
resuspended and plated into Matrigel‑precoated 24‑well 
plates at 1x104 cells/well with 500 µl RPMI‑1640 medium 
and 5% FBS. After 4 h incubation at 37˚C, tube formation 
was observed using a contrast microscope (magnification, 
x100). Three visual fields were arbitrarily selected per well 
to count the total number of bifurcation points forming >3 
lumens.

RT‑qPCR. Total RNA was extracted from placental tissues or 
HTR‑8/SVneo cells using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.). The concentration and purity of the extracted 
RNA were determined using a UV spectrophotometer 
(Nano Photometer; IMPLEN GmbH). In total, 10 µl total 
RNA was used for RT with 5X All‑In One RT MasterMix 
(Applied Biological Materials, Inc.). Reverse transcription 
reaction conditions were as follows: 25˚C for 10 min, 42˚C for 
15 min and 85˚C for 5 min. The cDNA was produced after 
the reaction and stored at ‑20˚C. Using the consequent cDNA 
as a template, EvaGreen  2X qPCR MasterMix‑Low Rox 
(cat. no. E824483‑4 Shanghai Macklin Biochemical Co., Ltd.) 
was used for qPCR. The total reaction volume was 20 µl. PCR 
amplification conditions were as follows: Denaturation at 95˚C 
for 10 min, followed by 40 cycles of denaturation at 95˚C for 
15 sec, denaturation at 95˚C for 1 min, annealing/extension 
at 60˚C for 30 sec and denaturation at 60˚C for 15 sec. The 
relative expression of BCYRN1 was normalized to that of 
GAPDH and calculated using the 2‑ΔΔCq method  (28). The 
primer sequences were synthesized by Sangon Biotech Co., 
Ltd. (Table I). Each sample was performed three times inde‑
pendently.

Western blot analysis. Total protein was harvested from 
the placental tissues or HTR‑8/SVneo cells using RIPA 
buffer (Beyotime Institute of Biotechnology), and the 
protein concentration was measured using a bicinchoninic 
acid protein quantitative kit (Sangon Biotech Co., Ltd.). 
A total of 50  µg protein/lane was separated using 7.5% 
SDS‑PAGE. The protein was then transferred onto nitrocel‑
lulose membranes (EMD Millipore). After blocking using 
5% skim milk at room temperature for 2 h, the membranes 
were probed with primary rabbit anti‑human polyclonal 
antibodies against Wnt1 (cat. no. ab63934; 1:1,000; Abcam), 
β‑catenin (cat. no. ab16051; 1:1,000; Abcam) and GAPDH 
(cat. no. ab9485; 1:1,000; Abcam) at 4˚C overnight, followed 
by incubation for 2 h at room temperature with horseradish 
peroxidase‑labeled goat anti‑rabbit IgG secondary antibodies 
(cat.  no.  HS‑GR‑HRP‑500; 1:10,000; Shijiazhuang  No.4 
Pharmaceutical Hanlin Biotechnology Co., Ltd.). Finally, 
enhanced chemiluminescence reagent ( Immobilon 
Western Chemilum HRP Substrate; cat. no. WBKLS0100; 
EMD Millipore) was added for visualizing the membranes, 
before the density of bands was quantified using a Gel‑Pro 
Analyzer 4.0 software (Media Cybernetics, Inc.). Each sample 
was tested three times independently.

Statistical analysis. All data were processed using SPSS 21.0 
(IBM Corp.) and GraphPad Prism 6.0 (GraphPad Software, 

Table I. Primer sequences used for reverse transcription‑quantitative PCR.

Gene	 Forward, 5'‑3'	 Reverse, 5'‑3'

lncRNA BCYRN1	 TCAGAGCGACAATTTGAGATC	 GCAGTAGCAGCAGCATTTC
GAPDH	 GATTGTTGCCATCAACGACC	 GTGCAGGATGCATTGCTGAC

lncRNA, long non‑coding RNA; BCYRN1, brain cytoplasmic RNA 1.
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Inc.). All experiments were repeated three times. The measure‑
ment data were presented as the mean ± standard deviation and 
analyzed using one‑way (comparison of three or more groups 
with only one independent variable) or two‑way (comparison 
of three or more groups with two independent variables) 
analysis of variance followed by Tukey's multiple comparisons 
test. Pearson correlation analysis was used to analyze the 
correlation between two continuous variables. Categorical data 
were expressed as number of cases and Fisher's exact test was 
used to assess the association when the expected frequency 
was <5. Kendall's τ‑b correlation analysis was used to observe 
the correlation between the frequency of neonatal asphyxia 
and BCYRN1 expression. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Clinical baseline characteristics of enrolled population. There 
was no significant difference in age and gestational weeks in 
the individuals among the three groups, whilst the body mass 
index of the MPE group was significantly higher compared 
with that in the Normal group (Table II). SBP, DBP and 24‑h 
urine protein in the MPE and SPE groups were significantly 
higher compared with those in the Normal group (P<0.01; 
Table II). In addition, SBP, DBP and 24‑h urine protein were 
significantly higher in the SPE group compared with in the 
MPE group (P<0.01; Table II). There was no significant differ‑
ence in the incidence of neonatal asphyxia among the three 
groups.

lncRNA BCYRN1 expression is decreased in placenta samples 
of patients with PE and correlated with clinical features of PE. 
BCYRN1 expression in the placental tissue from the MPE and 
SPE groups was significantly reduced compared with in the 
Normal group, whilst BCYRN1 expression in the SPE group 
was significantly lower compared with in the MPE group (all 
P<0.05; Fig. 1A). BCYRN1 expression was downregulated 
in the placental tissues of patients with PE, which decreased 
further with progressive aggravation of the disease.

The correlation and association between BCYRN1 expres‑
sion and the clinical characteristics of pregnant women and 

newborns was analyzed further. BCYRN1 expression in 
placental tissues was negatively correlated with admission 
SBP and 24‑h urine protein (P<0.05; Fig. 1B‑E). However, 
relative BCYRN1 expression was not correlated with neonatal 
birth weight or incidences of neonatal asphyxia (P>0.05) (data 
not shown).

Overexpression of lncRNA BCYRN1 promotes trophoblast 
cell proliferation and inhibits apoptosis. Trophoblast cells 
are an important component of the placental tissue, and 
participate in placental development and angiogenesis, where 
the aberrant dysfunction of trophoblast cells is closely asso‑
ciated with PE pathogenesis  (2). HTR‑8/SVneo cells were 
transfected with either si‑BCYRN1 or pcDNA3.1‑BCYRN1, 
following which cell viability and apoptosis of HTR‑8/SVneo 
cells were analyzed and compared. Compared with the si‑NC 
group, BCYRN1 expression was significantly decreased 
in the si‑BCYRN1 group, whereas BCYRN1 expression in 
the pcDNA3.1‑BCYRN1 group was significantly elevated 
compared with that in the pcDNA3.1‑NC group (all P<0.05; 
Fig.  2A), suggesting that the transfection was effective. 
Compared with the si‑NC group, the viability of trophoblast 
cells was reduced in the si‑BCYRN1 group, but was increased 
at  72 h in the pcDNA3.1‑BCYRN1 group compared with 
the pcDNA3.1 group (all P<0.05; Fig.  2B). Similarly, the 
apoptosis rate of the si‑BCYRN1 group was also significantly 
elevated compared with the si‑NC group, whilst that of the 
pcDNA3.1‑BCYRN1 group was significantly decreased 
compared with the pcDNA3.1 group (P<0.05; Fig. 2C).

Overexpression of lncRNA BCYRN1 promotes trophoblast 
cell migration and invasion. The migration, invasion and 
tube‑forming abilities of trophoblast cells are crucial to the 
establishment of maternal‑fetal circulation  (29). Reduced 
invasive ability of trophoblast cells and subsequent abnormal 
remodeling of the spiral artery are important features of 
PE (30). The number of migratory HTR‑8/SVneo cells in the 
si‑BCYRN1 group was significantly decreased compared with 
that in the si‑NC group, whilst the number of migratory cells 
in the pcDNA3.1‑BCYRN1 group was significantly increased 
compared with the pcDNA3.1 group (all P<0.05; Fig. 3A). 

Table II. Comparison of baseline clinical characteristics.

Parameter	 Normal	 Mild preeclampsia	 Severe preeclampsia

Number of cases, n	 30	 30	 30
Age, years	 32.62±4.47	 31.76±5.13	 34.08±4.19
Gestation, weeks	 35.88±3.24	 35.74±3.23	 35.54±2.59
Body mass index at early pregnancy, kg/m2	 24.93±1.75	 26.48±2.03a	 25.35±2.26
Systolic blood pressure, mmHg	 113.50±8.71	 152.72±9.89b	 164.63±16.30b,c

Diastolic blood pressure, mmHg	 70.97±7.03	 93.78±7.82b	 105.86±11.31b,c

24 h urine protein, g	 0.207±0.087	 1.487±0.476b	 3.767±0.725b,c

Fetal birth weight, kg	 3.318±0.352	 2.972±0.227b	 2.426±0.325b,c

Neonatal asphyxia, nd	 0	 1	 5

aP<0.05, bP<0.01 vs. normal; cP<0.01 vs. mild preeclampsia, one‑way ANOVA analysis followed by Tukey's test. dFisher's exact test was used 
to compare the number of cases of neonatal asphyxia.
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Compared with the si‑NC group, the number of invasive 
cells was significantly decreased in the si‑BCYRN1group, 
but significantly increased in the pcDNA3.1‑BCYRN1 group 
compared with the pcDNA3.1 group (all P<0.05; Fig. 3B). 
Compared with the si‑NC group, the number of bifurcation 
points in the si‑BCYRN1 group was significantly decreased, 
whilst that of the pcDNA3.1‑BCYRN1 group was signifi‑
cantly enhanced compared with the pcDNA3.1 group (all 
P<0.05; Fig. 3C).

lncRNA BCYRN1 activates the Wnt/β‑catenin axis in 
trophoblast cells. The Wnt/β‑catenin pathway can regulate the 
proliferation and apoptosis of trophoblast cells, and is pivotal 
for trophoblast cell invasion and implantation into the endo‑
metrium (31). It was hypothesized that lncRNA BCYRN1 may 
regulate the Wnt/β‑catenin signaling axis in trophoblast cells. 
The levels of Wnt1 and β‑catenin in the placental tissues from 
patients with SPE were significantly lower compared with 
those in the Normal group and patients with MPE (all P<0.05; 
Fig. 4A). Furthermore, the levels of Wnt1 and β‑catenin were 
significantly reduced in the si‑BCYRN1 group compared 
with those in the si‑NC group, but were elevated in the 
pcDNA3.1‑BCYRN1 group compared with in the pcDNA3.1 
group (all P<0.05; Fig.  4B). This suggests that lncRNA 
BCYRN1 can promote the activation of the Wnt/β‑catenin 
axis in trophoblast cells.

lncRNA BCYRN1 promotes trophoblast proliferation and 
blocks apoptosis by activating the Wnt/β‑catenin axis. To 
investigate whether lncRNA BCYRN1 affects the viability and 

apoptosis of trophoblast cells by activating the Wnt/β‑catenin 
pathway, the Wnt pathway inhibitor XAV939 or DMSO was 
applied to treat HTR8/SVneo cells overexpressing BCYRN1. 
Compared with the pcDNA3.1‑BCYRN1 group, the viability 
of the pcDNA3.1‑BCYRN1 + XAV939 group was signifi‑
cantly reduced at 72 and 96 h (P<0.05; Fig. 5A), whilst the 
apoptosis rate was enhanced (P<0.05; Fig. 5B). These results 
suggested that XAV939 can attenuate the effect of BCYRN1 
overexpression on HTR8/SVneo cell viability and apoptosis.

Discussion

Early onset of PE has been reported to be the result of poor 
placental implantation, leading to an inflammatory cascade 
resulting in high blood pressure  (32). To the best of our 
knowledge, the present study was the first to determine the 
expression profile of lncRNA BCYRN1 in placental tissues 
with PE and to explore the potential regulatory effects of 
BCYRN1 on the physiology of trophoblast cells. The expres‑
sion level of BCYRN1 was found to be downregulated in 
placenta tissues with PE; a similar reduction in trophoblast 
cells also suppressed the migration and invasion of tropho‑
blasts. BCYRN1 may therefore be involved in the development 
of placental abnormalities during the early stages of PE. These 
results suggested that the pathogenesis of PE may be associated 
with epigenetic changes.

The present study demonstrated that BCYRN1 expression 
was reduced in the placental tissue from patients with PE. 
Additionally, BCYRN1 expression in placental tissues from 
patients with MPE was lower compared with that of SPE. This 

Figure 1. Long non‑coding RNA BCYRN1 expression is reduced in placenta of patients with PE and is correlated with the clinical parameters of PE. 
(A) Expression of BCYRN1 in placental tissue was measured by reverse transcription‑quantitative PCR. Each sample was tested three times independently. 
Expression of BCYRN1 in placental tissues from the MPE group was negatively correlated with (B) systolic blood pressure and (C) 24‑h urine protein. 
Expression of BCYRN1 in placenta tissues from the SPE group was negatively correlated with (D) systolic blood pressure and (E) 24‑h urine protein rele‑
vant. N=30. One‑way ANOVA followed by Tukey's multiple comparisons test was used for panel A. Pearson's correlation analysis was used for panels B‑E. 
*P<0.05 vs. Normal group; #P<0.05 vs. MPE. BCYRN1, brain cytoplasmic RNA 1; PE, preeclampsia; MPE, mild PE; SPE, severe PE.
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suggested that BCYRN1 expression is downregulated in the 
placental tissues of patients with PE, and is decreased further 
as the disease worsens, suggesting that BCYRN1 may be 
associated with the severity of PE, which may have clinical 

relevance. Importantly, BCYRN1 expression in placental 
tissues was negatively correlated with admission SBP and 
24‑h urine protein levels. The incidence of pregnancy adverse 
effects increases in patients with elevated 24‑h proteinuria (33). 

Figure 2. Overexpression of long non‑coding RNA BCYRN1 promotes trophoblast cell viability and inhibits apoptosis. (A) After 48 h transfection, BCYRN1 
expression was detected by reverse transcription‑quantitative PCR. (B) Cell viability was detected by Cell Counting Kit‑8 assay. (C) Apoptosis rate was 
detected by flow cytometry. Cell experiments were performed three times. The data are expressed as the mean ± standard deviation. Data in panels A and C 
were analyzed by one‑way ANOVA, and data in panel B were analyzed by two‑way ANOVA, followed by Tukey's multiple comparisons test. *P<0.05 vs. control 
group; #P<0.05 vs. si‑NC group; &P<0.05 vs. pcDNA3.1 group. BCYRN1, brain cytoplasmic RNA 1; PE, preeclampsia; NC, negative control, si, small inter‑
fering; OD, optical density; PI, propidium iodide.
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These results provided epidemiological evidence that reduced 
expression of lncRNA BCYRN1 is correlated with increased 
adverse pregnancy effects. However, the sample size in the 
present study was small, and multi‑center and large‑scale 

experiments are required to verify this finding. Additionally, 
the biological sample used in the present study was placental 
tissues after delivery. In future studies, the expression of 
BCYRN1 in maternal serum should also be measured.

Figure 3. Overexpression of long non‑coding RNA BCYRN1 promotes migration, invasion and tube formation of trophoblast cells. After transfection with 
si‑BCYRN1 and pcDNA3.1‑BCYRN1, the migratory and invasive ability of HTR‑8/SVneo cells was measured by (A) Transwell migration assay and (B) Transwell 
invasion assay. Scale bars, 25 µm. (C) Tube forming ability was detected by cell tube‑forming test. Scale bars, 50 µm. All experiments were repeated three times 
and the data are expressed as the mean ± standard deviation. Data were analyzed by one‑way ANOVA followed by Tukey's multiple comparisons test. *P<0.05 
vs. Control; #P<0.05 vs. si‑NC; &P<0.05 vs. pcDNA3.1. BCYRN1, brain cytoplasmic RNA 1; PE, preeclampsia; NC, negative control, si, small interfering.

Figure 4. Long non‑coding RNA BCYRN1 activates the Wnt/β‑catenin pathway in trophoblast cells. (A) Expressions of Wnt1 and β‑catenin in placenta tissues 
from normal pregnant women and patients with PE were measured via western blotting. *P<0.05 vs. Normal group; #P<0.05 vs. MPE group; Three samples 
were tested independently in each group. (B) Expression of Wnt1 and β‑catenin in HTR8/SVneo cells of each group was measured via western blotting. 
*P<0.05 vs. Control; #P<0.05 vs. si‑NC; &P<0.05 vs. pcDNA3.1. The cell experiments were conducted three times independently. One‑way ANOVA analysis 
was used for comparison between groups, followed by Tukey's multiple comparisons test. BCYRN1, brain cytoplasmic RNA 1; PE, preeclampsia; MPE, mild 
PE; SPE, severe PE; NC, negative control, si, small interfering.
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At present, the clinical consensus is that PE is caused by 
poor placental formation during early pregnancy (2). During 
placental implantation under PE, trophoblast cells lack invasive‑
ness, which leads to the incomplete remodeling of the spiral 
artery, thereby causing placental ischemia and hypoxia, oxida‑
tive stress and systemic inflammatory responses (2). The present 
study focused on the biological behavior of trophoblast cells, 
namely trophoblast migration and invasion, which is an early 
pathological process in placental dysplasia (2). HTR‑8/SVneo 
cells have been used extensively to study the biological activity 
of trophoblasts in vitro  (26). Therefore, HTR‑8/SVneo cells 
were used in the present study to estimate the in vitro role of 
BCYRN1 in PE. After transfection of HTR‑8/SVneo cells, the 
viability, migratory, invasive and tube‑forming capabilities of 
trophoblast cells in the si‑BCYRN1 group were impaired, whilst 
the opposite effects were observed in the pcDNA3.1‑BCYRN1 
group. The migration, invasion and tube formation by tropho‑
blasts into the endometrium and vascular system are key steps 
during placenta formation, in addition to contributing to the 
pathogenesis of PE (24,29,34,35). The present study revealed 
that the apoptosis rate in the si‑BCYRN1 group was higher, 
whilst that in the pcDNA3.1‑BCYRN1 group was decreased. 
Decreased trophoblast proliferation and invasion, and increased 
apoptosis constitute the main underlying causes of PE (30,36). 
These previous findings supported the data from the present 
study that BCYRN1 overexpression increased trophoblast cell 
proliferation, migration, invasion and tube‑forming abilities 
whilst blocking apoptosis to alleviate PE progression. However, 
the effect of BCYRN1 on the expression of enzymes in tropho‑
blast cells, the effect of BCYRN1 on ischemia, hypoxia and 

inflammatory factors in placental tissues and potential targets 
for the treatment of PE all require further study.

Early in pregnancy, enhanced Wnt/β‑catenin signaling is a 
prerequisite for the proper implantation and invasion of tropho‑
blast cells (37). The Wnt/β‑catenin axis regulates the apoptosis 
and invasion of trophoblast cells and is essential for placenta‑
tion (32). It was therefore speculated in the present study that 
lncRNA BCYRN1 may regulate the Wnt/β‑catenin pathway 
in trophoblast cells. The levels of Wnt1 and β‑catenin proteins 
in the si‑BCYRN1 and the pcDNA3.1‑BCYRN1 groups were 
decreased and elevated, respectively. To verify if lncRNA 
BCYRN1 exerts the biological effects on trophoblast cells by 
evoking the Wnt/β‑catenin axis, the Wnt pathway inhibitor 
XAV939 was used to treat HTR8/SVneo cells overexpressing 
BCYRN1. Compared with that in the pcDNA3.1‑BCYRN1 
group, cell viability in the pcDNA3.1‑BCYRN1 + XAV939 
group was inhibited, whilst the apoptosis rate was enhanced. 
Consistently, downregulated activity of the Wnt pathway may 
result in trophoblast dysfunction, which can contribute to 
the pathogenesis of PE (38). Results from the present study 
suggested that lncRNA BCYRN1 can promote the activation of 
the Wnt/β‑catenin axis in trophoblast cells.

In conclusion, the present study indicated that BCYRN1 
increased trophoblast viability and prevented apoptosis by acti‑
vating the Wnt/β‑catenin pathway to potentially delay or block 
the onset of PE. The expression pattern of lncRNA BCYRN1 in 
placental tissues from patients with PE was detected to explore 
the regulatory mechanism of lncRNA BCYRN1 on the biolog‑
ical behavior of trophoblasts. In the present study, the classical 
Wnt pathway was found to regulate cell behavior downstream 

Figure 5. XAV939 can attenuate the effects of BCYRN1 overexpression on the viability and apoptosis of HTR8/SVneo cells. HTR8/SVneo cells overexpressing 
BCYRN1 were treated with either the Wnt inhibitor XAV939 or DMSO. (A) Cell viability was measured using Cell Counting Kit‑8. (B) Apoptosis was detected 
via flow cytometry. Cell experiments were repeated three times and the data are expressed as the mean ± standard deviation. Data in panel A were analyzed by 
two‑way ANOVA, whilst data in panel B were analyzed by one‑way ANOVA followed by Tukey's multiple comparisons test. *P<0.05 vs. pcDNA3.1‑BCYRN1; 
#P<0.05 vs. pcDNA3.1‑BCYRN1 + DMSO. BCYRN1, brain cytoplasmic RNA 1; OD, optical density; PI, propidium iodide.
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of BCYRN1, though the non‑β‑catenin‑dependent Wnt pathway 
has not been studied. In addition, whether BCYRN1 participates 
in PE processes in other ways, such as by absorbing microRNA 
sponging, requires further study. Further studies will be 
performed to determine the role of BCYRN1 in the biological 
function of trophoblast cells from the perspective of epigenetics 
and transcriptomics.
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