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Abstract

Background: LncRNA LINC00534 has been found to be differentially expressed in
placental tissue samples of preeclampsia (PE), but the exact mechanism is still unclear.
Methods: In vitro assays were carried out in HTR-8/SVneo cells using various meth-
ods, including cell counting kit-8 (CCK-8), transwells, flow cytometry, and Western
blotting (WB) and quantitative polymerase chain reaction. RNA pull-down and bio-
informatics analysis were applied to examine other potential underlying mechanisms
involved.

Results: We found that there was a high expression of LINC0O0534 in the placental
tissues of patients with PE. LINCO0534 overexpression (OE) significantly inhibited
cell proliferation and migration as well as accelerated cell apoptosis in HTR8/SVneo
cells. The knockdown of LINCO0534 produced an opposite trend. Mechanistically,
LINC00534 promoted the expressions of PTEN (Phosphatase and tensin homolog)
through decreasing miR-494-3p. Further rescue studies showed that LINCO0534
played a role by targeting mir-494-3p, which controlled the growth and migration of
HTR-8/SVneo trophoblast cells viaregulating PTEN/PI3K/AKT (Phosphatidylinositol3-
kinase/protein kinase B). Moreover, IncRNA pull-down assay identified 198 poten-
tial bound proteins for LINCO0534. Those proteins were mostly involved in RNA
processing and modification, posttranslational modification, protein turnover, and
chaperones.

Conclusion: Overall, by suppressing HTR8/SVneo cell growth and migration via the
miR-494-3p/PTEN axis and other mechanisms, LINC0O0534 offers new insight into PE

pathogenesis.
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1 | INTRODUCTION

In pregnancy, preeclampsia (PE) is a multisystemic vascular syn-
drome with hypertension and proteinuria, generally observed after
20weeks.! The incidence of PE worldwide is about 2%-8%. It is a
leading cause of death and morbidity for mothers and their babies.?
The only way to treat PE is to deliver the placenta.>* Currently, PE's
pathogenesis is not fully understood, and the placenta may be the
breakthrough to determine the pathological mechanism of PE.

The placenta is a unique organ that facilitates the exchange of
material between the mother and fetus, and it is crucial for the de-
velopment of the human embryo and fetus. During the initial stage of
implantation, trophoblast cells invade the endometrium to help re-
shape the spiral arterioles in the villi space, thus increasing the diam-
eter of blood vessels, reducing blood flow resistance, and ensuring
adequate blood flow to meet the requirements of the fetoplacental
unit.>® In PE, abnormal trophoblast invasion damages spiral artery
remodeling, resulting in reduced placental perfusion, which leads to
placental ischemia and a series of complications.” Recently, studies
have increasingly focused on trophoblast cell-related signaling path-
ways and key mechanisms, in order to further explore the progres-
sion of PE.! It has been generally accepted that the pathogenesis of
PE is related to the dysfunction of extravillous trophoblast (EVT),
including proliferation, apoptosis, migration, and invasion.

In the human genome, only 2% of RNA is protein-encoded
mRNA. Non-coding RNAs (ncRNAs) account for 98% of all RNAs, in-
cluding long non-coding RNAs (IncRNAs) with over 200 nucleotides®
and microRNAs (miRNAs) with around 22 nucleotides.”® As sug-
gested by the competitive endogenous RNA hypothesis, long non-
coding RNAs can bind to miRNAs, regulate target gene expression,
and thus function in a variety of physiological processes.!**? For ex-
ample, LINC01133 regulates the Wnt/B-catenin signaling pathway
by inhibiting miR-106a-3p; thus, inhibiting the progression of gastric
cancer.’® In the breast cancer, the expression level of IncRNA HOX
transcript antisense RNA (HOTAIR) tends to be increased, which in-
hibits miR-20a-5p, promotes the expression of target gene HMGA2,
and affects cell proliferation, invasion, and apoptosis.** LncRNA
SND1-1T1 can up-regulate POU2F1 to accelerate osteosarcoma pro-
liferation and migration by sponging miR-665.1°

Studies have shown that IncRNAs, such as uc.294,16
NR_002794," CRNDE,*® and TUGL,Y are involved in PE devel-
opment by affecting trophoblast functions. In the previous study,
we detected IncRNAs specifically expressed in the placenta tissues
of PE patients by using microarray assays.?° We discovered that
LINC00534 is an interspecific IncRNA with high-transcriptional ac-
tivity and differential expression in PE, and its function has not yet
been reported. Therefore, we attempted to examine the function
and potential mechanisms of LINC00534 in PE by measuring the bi-
ological functions of EVT HTR-8/SVneo cells.

2 | MATERIALS AND METHODS

2.1 | Ethics approval and consent to participate

This study was approved by the Institutional Review Board of the
Women's Hospital of Nanjing Medical University (No. [2017] 91)
and in accordance with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Patients provided

written informed consent for sample collection.

2.2 | Clinical sample collection

Researchers obtained the placental tissues from patients aged 28-
37years with PE and normal mothers at the Women's Hospital of
Nanjing Medical University in Jiangsu Province from 2020 to 2021.
There were 5 parturients in each group. Samples of placental tis-
sues were collected immediately following delivery and stored in
liquid nitrogen for future research. PE was defined as hypertension
(2140/90mmHg) with proteinuria (urinary protein 300 mg/day). All
the participants had conceived naturally and had no history of dia-
betes, cardiovascular disease, hypertension, hyperthyroidism, alco-
holism, smoking, kidney disease, intrauterine fetal death, chemical
dependence, and fetal chromosomal or congenital abnormalities.

2.3 | Cell culture

The cell line used was the human HTR-8/SVneo trophoblast cell line,
an immortalized EVT cell line in early pregnancy purchased from
the Chinese Institute of Biochemistry and Cell Biology (Chinese
Academy of Sciences, Shanghai, China). HTR-8/SVneo cells were
cultured with RPMI1640 medium added with 10% FBS in a cell
incubator at 37°C with 5% carbon dioxide. The fresh medium was

changed every 2days according to the cell status.

2.4 | Plasmids and oligonucleotides transfections

Specific plasmids and oligonucleotides were designed to regu-
late the expressions of LINCO0534 and miR-494-3p. The OE plas-
mids (NR_051989.1) and specific small interfering RNAs (siRNAs)
for LINCO0534 were derived from Wuhan GeneCreate Biological
Engineering Co., Ltd. In addition, synthetic miR-494-3p mimics
and its negative control oligonucleotides were purchased from
Guangzhou RiboBio Co., Ltd. Lipofectamine 2000 (Invitrogen) was
used to co-transfect plasmids and oligonucleotides into cell lines.
HTR-8/SVneo cells were plated in a 6-well cell culture dish and the
degree of fusion was 70%-80% before transfection. The transfected
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cells were cultured at 37°C in a 5% carbon dioxide incubator and the

medium was changed 6 h after transfection.

2.5 | Cell proliferation assay

The proliferation capacity of trophoblast cells was measured using
a Cell Counting Kit-8 (CCK-8, Bioscience Technology Co. Ltd.) assay.
The transfected HTR-8/SVneo cells were seeded into 96-well plates.
These cells were cultured in six replication wells with 3000 cells and
100pl medium each, and then they adhered to the wall about 6 h
later. Further, a 10 pl solution of CCK-8 was added to the medium at
0, 24, and 48 h after the cells had been incubated. A multifunctional
microplate reader was used to measure the absorbance at 450nm
after adding CCK-8 for 2 h.

2.6 | Cell migration assays

Migration of HTR-8/SVneo cells was tested in Transwell chambers.
In brief, the upper chamber was filled with 200 pl of medium (includ-
ing 20,000 cells), and the lower chamber was filled with 600pl of
medium containing 20% FBS. After 24 h, the upper sides were fixed
with methanol for 15min and stained for 20 min using 0.1% crystal
violet solution. After washing 3 times with PBS, optical microscopes
were used to examine the number of cells that penetrated the filter
membrane. Photographs and counts were taken of three randomly

selected visual fields.

2.7 | Flow cytometric analysis of cell apoptosis
Overexpression or knockdown vectors were transiently transfected
into HTR-8/SVneo cells for 48 h. The collected old medium was washed
twice with PBS. Afterward, the cells were harvested using trypsin with-
out ethanoldiamine tetraacetic acid (EDTA). Annexin V-FITC Apoptosis
Detection Kit (Solarbio) was used to detect apoptosis. A flow cytom-
eter (CytoFLEX S, Beckman Coulter) equipped with CytExpert/FlowJo
software was used to analyze the cells. Cells were sorted into sur-
vival cells, necrotic cells, early apoptotic cells, and late apoptotic cells.
Apoptotic cells were also assessed for further comparisons.

2.8 | Quantitative real-time reverse-transcription-
polymerase chain reaction (QRT-PCR)

The Trizol Reagent (TaKaRa) was used to extract and purify total
RNA from tissues or cells. By using the One Drop OD-1000+
Spectrophotometer (One drop Technologies), the quality and quan-
tity of total RNA were confirmed. For IncRNA and mRNA analysis,
cDNA was synthesized by the PrimeScript™ RT reagent kit (Takara)
and was subjected to quantitative PCR with Applied Biosystems™
SYBR Reagent (Thermo Fisher Scientific). The miRNA expression

levels were determined using the Bulge-Loop miRNA gqPCR Primer
Set (RiboBio). All reactions were performed on the ViiA7 real-time
PCR System-Life Tech (Applied Biosystems). The initial denatura-
tion steps were as follows: 95°C for 10 min, followed by 40cycles
of 95°C for 15s and 60°C for 1 min. The relative expression lev-

els were calculated via the 274

method. Relative expression lev-
els of IncRNA and mRNAs were normalized to the endogenous
control glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and
relative expression levels of miRNAs were normalized to the en-
dogenous control Ué. Three replicates were amplified each time
to verify the results. The primer sequences for LINCO0534 were
as follows: forward: 5-TCTCACCTCAGCCTCGCAAG-3'; reverse:
5-AGTTCAAGACCAGCCTGTTCAAG-3'. Primer-blast was used to

test the specificity of the primers for LINCO0534.

2.9 | Transcriptome sequencing of RNA

RNA was isolated from HTR-8/SVneo cells treated with siRNAs for
LINC00534 and control for 48h. Three replicates per group were
performed. Each sample was tested for purity, and RNA sequenc-
ing was performed by BGI. Then, a volcano plot and heatmap were
drawn, and Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis were conducted.

2.10 | Western blotting (WB) analysis

WB was used to quantify the protein levels in samples. HTR-8/
SVneo cells were transfected with LINC0O0534 OE plasmids or siR-
NAs for 48h. A RIPA buffer supplemented with PMSF (Beyotime
Institute of Biotechnology) and phosphatase inhibitors (Servicebio)
was used to extract proteins. After separation by 10% SDS-PAGE
(Servicebio), the samples were transferred to nitrocellulose mem-
branes. Further, after blocking with 5% skim milk (Guangzhou Saiguo
Biotech Co., LTD) for 2 h, membranes were incubated with primary
antibodies against PI3K (p110p) (CST, 1:1000, #3011), ERK1 (Abcam,
1:1000, ab32537), NF-xB p65 (CST, 1:1000, #8242), STAT3 (Abcam,
1:2000, ab68153), PTEN (Abcam, 1:5000, ab32199), and B-ACTIN
(Proteintech, 1:1000, 66009-1-1g) overnight at 4°C. The membranes
were washed three times for 10 min each and incubated with sec-
ondary antibodies the following day.

2.11 | RNA pull-down

Briefly, biotin-labeled 869 nt of LINCO0534 and antisense (Ribobio)
were purified and incubated with streptavidin agarose beads
(Thermo Fisher Scientific). HTR-8/SVneo cell lysates were collected
and incubated with the RNA-beads complex. The captured beads
were divided into two parts. One part was washed and boiled at 95°C
in SDS loading buffer (Beyotime Biotechnology). Afterwards, boiled
samples were separated and visualized by using a silver staining kit
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(Thermo Fisher Scientific). The other part of LINCO0534 captured

beads was sent to BGI for mass spectrometry assay.

2.12 | Statistical analysis

At least two or three independent experiments were conducted
for in vitro culture-related studies, and data were expressed as
mean=+standard deviation (SD). GraphPad Prism 8.0 (GraphPad
Software) and Image J software were used to analyze statistics and
images, respectively. An analysis of Student's T-test was employed
to determine differences between the two groups. p <0.05 was con-

sidered statistically significant.

3 | RESULTS

3.1 | LINCO00534 was upregulated in the placenta
tissues of PE patients

Using the public LNCipedia database website, five transcripts of
LINC00534 were identified (Figure 1A). We here studied the long-
est transcript of LINCO0534, with a length of 869nt (Figure 1B).
Compared with five normal controls, a significant difference in blood
pressure and proteinuria in the placentas of five cases of PE were
found (Table 1). LINCO0534 levels were tested by RT-qPCR. The
result showed that LINCO0534 was significantly upregulated in the
placentae of PE cases (p <0.05) (Figure 1C).

3.2 | LINCO00534 repressed the proliferation and
migration, and promoted apoptosis in extravillous
trophoblast HTR-8/SVneo cells

Firstly, we examined the effects of LINCO0534 on trophoblast
cell proliferation, migration, and apoptosis. After 48h of trans-
fection, the LINCO0534 level was significantly upregulated after
the introduction of the LINCO0534 OE vector into trophoblast
cells (Figure 1D). Based on the CCK-8 assay, we found that OE of
LINC00534 repressed cell proliferation (Figure 1E). By flow cytom-
etry, we detected that OE of LINCO0534 promoted cell apoptosis
level (Figure 1F). The mRNA expression of anti-apoptotic B-cell

lymphoma-2 (Bcl-2) was downregulated in cells transfected with the
LINC00534 OE vector compared with the control (Figure 1G). On
the contrary, after LINCO0534 was knocked down, its expression
level decreased, with siRNA sequence 1 (si-LINC-1) being the most
significant (Figure 1H), thus, si-LINC-1 was utilized in subsequent re-
search to test trophoblast functions. Knockdown of LINCO0534 pro-
moted cell proliferation (Figure 1l), repressed apoptosis (Figure 1J),
and increased the expressions of Bcl-2 (Figure 1K).

We evaluated cell migration through the Transwell assay. These
results showed that OE of LINCO0534 repressed the migration
of HTR-8/SVneo trophoblast cells (Figure 2A), while knockdown
of LINCO0534 promoted cell migration (Figure 2B). Following
LINC00534 OE, matrix metalloproteinase-2 (MMP2) and matrix
metalloproteinase-9 (MMP9) mRNA expression levels were reduced
compared to the control group, and the corresponding expression lev-
els were decreased when LINC00534 was knocked down (Figure 2C).

These results prove that LINCO0534 can inhibit the proliferation
and migration of EVT HTR-8/SVneo cells and promote apoptosis, sug-
gesting that up-regulation of LINCO0534 may impair the proliferation,

migration, and apoptosis of EVT cells, leading to placental dysplasia.

3.3 | Mechanisms of LINC00534 function detected
by RNA sequencing

To further understand the mechanism of LINCO0534, RNA se-
quencing was conducted in the control group and the si-RNA (si-
LINC-1) group. The DEGseq database was applied to analyze the
differentially expressed genes in the experimental group and the
control group. On filter condition of [log2FC| 2 1, Qvalue <0.05, 522
differentially expressed genes were detected. The difference in
genes between the two groups was represented by a volcano map.
The red dots represent 171 genes that were significantly increased
in the experimental group, the green dots represent 351 genes
that were significantly decreased, and the gray dots indicate genes
with no statistically significant differences (Figure 3A). A clustering
heat map was used to represent the difference in genes between
the two groups. Red represents the increased genes in the experi-
mental group, and the green represents the decreased genes in the
experimental group (Figure 3B). GO enrichment analysis was con-
ducted on the differentially expressed genes from the aspects of
cellular component, biological process, and molecular function, and

FIGURE 1 Effects of LINCO0534 on cell proliferation and apoptosis in HTR8/SVneo trophoblast cells. (A) Five transcripts of LINCO0534
were recorded in the public database LNCipedia. (B) Sequences of 869 nt of LINC00534. (C) Expression of LINC0O0534 in placentae tissues
of patients with PE. Boxplot of LINCO0534 expression levels in PE placentae (n = 5) compared to normal placentae (n = 5). (D) RT-qPCR

was conducted to verify the transfection efficiency of LINCO0534 OE in HTR8/SVneo cells. (E) CCK-8 assay was taken to evaluate the
effects of OE of LINCO0534 on the proliferation of HTR8/SVneo cells. (F) Apoptosis level was analyzed using Annexin-V assay coped

with flow cytometry on cells overexpressing LINCO0534. (G) Effects of LINCO0534 OE on mRNA expression of Bcl-2. (H) Knockdown
efficiency of LINCO0534 was tested using RT-qPCR. (I) Effects of knockdown of LINC00534 on cell proliferation detected by CCK-8 assay.
(J) Apoptosis level was analyzed using Annexin-V assay coped with flow cytometry on cells knocking down LINCO0534. (K) Effects of
LINC00534 knockdown on mRNA expression of Bcl-2. *p <0.05, **p <0.01, ***p <0.001. OE-NC: negative control of LINC00534; OE-LINC:
OE of LINC00534; si-NC: negative control of siRNA; si-LINC: knockdown of LINCO0534. The values are shown as the mean+SD of three

independent experiments.
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Variable Control (n = 5) PE (n = 5)
Maternal age (year) 31.2 +4.8 32.0+5.0
Systolic blood pressure (mmHg) 111.2 +20.2 146.0 +18.0
Diastolic blood pressure (mmHg) 69.2 +10.8 97.8 +16.8
Proteinuria (g/day) N/A 40+2.4
Gestational age(week) 37.8 +2.3 36.8+1.3
Birth weight(g) 2878 +162 2256+274

Note: The values are shown as the mean+SD.
Abbreviation: N/A, not applicable.

*p <0.05.; **p <0.01.; ***p <0.001, preeclampsia compared with normal pregnancy.

TABLE 1 Clinical characteristics of

p Value patients with normal and PE pregnancies

>0.05*
<0.01**
<0.01**
<0.001***
>0.05*
<0.001***

(A) (B) FIGURE 2 Effects of LINCO0534 on
the migrative abilities of trophoblast cells.
g .S Migration of HTR-8/SVneo trophoblast
'*E ‘5 cells was tested by a Transwell assay
k=) D . after LINC00534 overexpression (OE)
= = (A) or knockdown (B). (C) Effects of
- LINC00534 OE or knockdown on mRNA
.S g 1.5 expressions of MMP-2 and MMP-9.
§ E *p <0.05, **p <0.01, ***p <0.001. OE-NC:
-gﬁ 1.01 . 'C—»T) 1.0 negative control of LINCO0534; OE-
oo E3 LINC: OE of LINC00534; si-NC: negative
2 0.5 2 ~05 control of siRNA; si-LINC: knockdown of
3 s LINC00534.
o 0.0- X 0.0
OE-NC OE-LINC si-NC si-LINC
(©)
3 MMP2 mRNA 50015, MMP2mRNA
% 0.003+ E ’ >
< < 0.010-
> 0.002 Z 0.
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- ©
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< 0.00008 < 0.00002-
& 0.000061 g
o 0.00004- © 0.00001
= =
g 0.000024 %
& 0.00000- & 0.00000-—™ :
OE-NC OE-LINC si-NC si-LINC

the involved GO enrichment pathways were classified.

In terms of 3.4

LINC00534 upregulated its target gene PTEN

biological functions, differentially expressed genes were mostly re-
lated to cell proliferation, apoptosis, and cell adhesion (Figure 3C).
KEGG enrichment pathway analysis was used to search for dif-
ferentially expressed gene-related pathways. A bubble diagram
of the KEGG enrichment pathway suggested that the PISK-AKT
(Phosphatidylinositol3-kinase/protein kinase B) signaling pathway
was the LINC00534 differential enrichment pathway (Figure 3D).

(phosphatase and tensin homolog), inhibited the
PISK/AKT signaling pathway

According to the results of RNA sequencing, the PI3BK/AKT signal-
ing pathway was regulated by LINCO0534. Numerous studies have
shown that PTEN is a regulatory gene of the PISK/AKT signaling
pathway.?%??2 RT-qPCR data demonstrated that knockdown of
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FIGURE 3 Function mechanisms of LINCO0534 detected by RNA sequencing, qRT-PCR and Western blotting. (A) Volcano plot. (B) Heat
map. (C) Results of GO analysis. GO: Gene Ontology. (D) Results of KEGG enrichment analysis. KEGG: Kyoto Encyclopaedia of Genes and
Genomes. (E) Effects of LINCO0534 overexpression (OE) or knockdown on mRNA expression of PTEN. (F) Effects of LINCO0534 OE or
knockdown on protein expressions of PI3K, PTEN, ERK1, NF-kB, and STAT3. The values are shown as the mean=+SD of three independent
experiments; **p <0.01. OE-NC: negative control of LINCO0534; OE-LINC: OE of LINC00534; si-NC: negative control of siRNA; si-LINC:

knockdown of LINC00534.

LINC00534 reduced the mRNA expression of PTEN (Figure 3E).
WB analysis showed a dramatic upregulation in PTEN together
with downregulation in its downstream targets (PI3K), following
LINC00534 OE, while LINC00534 knockdown had an opposite ef-
fect (Figures 3F). We also detected that the protein expression
levels of ERK1, NF-xB, and STAT3 showed the same tendency
(Figure 3F).

3.5 | MiR-494-3p counteracted LINC00534
overexpression-induced anti-proliferative and anti-
migrative effects

In addition, we speculated that LINCO0534 functioned as a miRNA
sponge in trophoblast cells. Based on StarBase and DIANA Tools,
miR-494-3p and miR-139-5p were predicted to bind with LINCO0534
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(Figure 4A). As hypothesized, LINCO0534 OE remarkably decreased
the miR-494-3p level and LINC0O0534 knockdown had an opposite
effect, while the expression of miR-139-5p showed no significant
difference (Figure 4B). Post 48h of transfection, the transfection ef-
ficiency was tested, which verified that the miR-494-3p level was
greatly upregulated in trophoblast cells following treatment with the
miR-494-3p mimic (Figure 4C). PTEN was known to be the target
gene of miR-494-3p; RT-gPCR showed that OE of miR-494-3p could
reduce the mRNA expression of PTEN (Figure 4D).
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We then examined the relationship between LINCO0534 and
miR-494-3p by using CCK-8 and Transwell migration assay. By
transfecting miR-494-3p mimic, the decreased proliferation viabil-
ity caused by LINCO0534 OE was reversed (Figure 4E). Besides,
miR-494-3p promotion significantly reduced the suppressive ef-
fects of LINC00534 elevation on cell migration (Figure 4F). These
results presented that miR-494-3p promotion abolished the inhib-
itory effect of LINC0O0534 OE on trophoblast cell proliferation and

migration.
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FIGURE 4 The targeted relationship between LINCO0534 and miR-494-3p in HTR8/SVneo cells. (A) The potential binding site between
LINC00534 and miR-494-3p (or miR-139-5p) was predicted by StarBase and DIANA Tools, and the binding site was shown. (B) RT-qPCR was
used to check miR-494-3p (or miR-139-5p) level following overexpression (OE) and knockdown of LINC00534. (C) Transfection efficiency in
HTR8/SVneo cells after transfection with miR-494-3p mimic was validated by RT-gPCR. (D) The effects of miR-494-3p mimic on the mRNA
expression level of PTEN. (E) CCK-8 assay was conducted to analyze the effects of miR-494-3p promotion on the roles of overexpressing
LINC00534 in HTR8/SVneo cells. (F) Transwell assay was applied to assess the effects of miR-494-3p promotion on the anti-migration
effects of overexpressing LINC00534 in HTR8/SVneo cells. *p <0.05, **p <0.01, ***p <0.001. OE-NC: negative control of LINCO0534; OE-
LINC: OE of LINC0O0534; si-NC: negative control of siRNA; si-LINC: knockdown of LINCO0534.
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In addition, miR-494-3p promotes the PISK/AKT pathway by
targeting PTEN, and PTEN loss is one of the most common abnor-
malities in PE.2% We hypothesize that LINCO0534 may affect PTEN
expression through targeting miR-494-3p and then regulate the
PI3K/AKT signaling pathway in trophoblast cells; thus, it participates
in the development of PE.

3.6 | RNA pull down assay suggests other potential
involved mechanisms

RNA pull down assay was performed to identify the bound proteins
of LINC00534. Two bands at 61 and 84 kDa were obviously enriched
in the LINC00534 group (Figure 5A). After mass spectrometry, a
total of 198 proteins were identified in the LINCO0534 group. The
sizes of most proteins were 30-60kDa (Figure 5B). Through GO and
KEGG pathway analysis, the potential bound proteins of LINCO0534
were mostly involved in binding, organelle, cellular process, RNA
processing and modification, posttranslational modification, protein
turnover and chaperones (Figure 5C,D). According to the matched
protein mass, several proteins such as heat shock protein HSP90-
alpha (HS90A), endoplasmic reticulum chaperone BiP (GRP78, glu-
cose regulated protein-78) and heat shock cognate 71kDa protein
(HSP7C) were predicted to be the mostly potential bound proteins
of LINCO0534 (Figure 5E). Further WB assay should be applied to
test their interactions.

4 | DISCUSSION

PE is a global obstetric problem. Because its pathogenesis is still not
known, there is neither accurate prediction and prevention meth-
ods, nor effective diagnosis and treatment measures.* The study of
pathophysiological mechanisms in PE is highly significant for its di-
agnosis and treatment.

During pregnancy, trophoblast cells were differentiated into two
cell types: EVTs and intravillous trophoblasts. EVTs migrate from
the villi of the uterus to attach the placenta to the decidual stroma
cells.?* The poor migration and invasion of EVTs into the decidua of
the mother leads to improper remodeling of spiral arteries during
pregnancy. This is thought to be one of the significant cause of PE.
Placentas from pregnancies complicated by PE had an increased
level of apoptosis in EVTs.?> Dysregulated EVT proliferation and
apoptosis are known to increase the risk of PE.

The aberrant expression of INcRNAs is closely related to the de-
velopment of PE. In numerous studies, INcRNAs are implicated in
PE through their effects on proliferation, migration, invasion, and
apoptosis of trophoblasts.?®?” LINC00534 is a differential IncRNA
screened from the placental tissue of PE patients. It has not yet
been studied, and only one literature has reported that it may be
significantly up-regulated in platelets of patients with colorectal
cancer.?® This study showed that LINCO0534 was increased in the
PE placental tissues compared with normal tissues, suggesting that

WILEY- 2™

LINC00534 may be involved in the development of PE. Our analy-
sis illustrated that OE of LINC00534 reduced the proliferation and
migration of EVT HTR-8/SVneo cells and promoted their apoptosis.
The MMP family includes MMP2 and MMP9. MMPs are involved in
migration and invasion of cells. It has been reported that reduction
of MMP2 and MMP9 expressions in trophoblast cells is related to
PE.?? In our research, OE of LINC00534 could decrease the mRNA
expression levels of BCL-2, MMP2, and MMP9, while knockdown of
LINC00534 could increase the corresponding levels. These results
suggest that LINCO0534 may be involved in the pathogenesis of PE
by inhibiting the proliferation, migration, and apoptosis of EVT cells,
leading to superficial placental implantation, which can lead to the
development of PE in early pregnancy.*°

The results of sequencing analysis showed that compared to the
control group, the differentially expressed genes in the cells after
knocking down LINC0O0534 were mostly related to cell prolifera-
tion, apoptosis, and adhesion. KEGG enrichment pathway analysis
revealed that the PISK/AKT signaling pathway was its enrichment
pathway. PI3K/AKT signaling pathway was known to be widely in-
volved in regulating cell biological behavior.’* Many researches
have explored that the PI3K/AKT signaling pathway is related to
the progression of PE. Syntaxin2 (STX2) activates the PI3K/AKT
pathway through membrane recruitment of p85 (a regulatory sub-
unit of PI3K), promotes trophoblast cell proliferation, migration,
and invasion, and participates in the mechanism of PE.3? Decrease
of cAMP-dependent protein kinase inhibitor-b (PKIB) promotes PE
by inhibiting the migration, invasion, and vascularization of HTR-8/
SVneo trophoblast cells by reducing phosphorylated AKT.%® The
PIBK/AKT pathway was also associated with the expression of
sFIt-1, which plays a crucial role in PE.** From the WB data, OE of
LINC00534 significantly inhibited the phosphorylation of p1108 (the
catalytic subunits of PI3K) and AKT protein, while knockdown of
LINC00534 showed the opposite effect, indicating that LINCO0534
can negatively regulate the activation of the PI3K/AKT signaling
pathway.

On human chromosome 10, PTEN is a tumor suppressor
gene associated with the PIBK/AKT pathway.?? Its expression
can reduce the activation of the PI3K/AKT signaling pathway.?*
Aberrant expression of PTEN has been shown to be related with
trophoblastic diseases, such as epithelioid trophoblastic tumor,®
hydatidiform mole,3® and early spontaneous abortion.®” Compared
with the normal placenta, the expression of PTEN in PE patients
was significantly increased (p <0.01), suggesting that the increase
in PTEN may be related to the development of PE.?% Studies have
shown that PTEN can reduce the proliferation and invasion of
trophoblast cells by inactivating the PI3K/AKT signaling pathway,
thereby participating in the biological process of PE.38 Both RT-
qPCR and WB experiments showed that LINCO0534 could pro-
mote the expression of the PTEN gene and protein. The results of
these experiments show that LINCO0534 may regulate the pro-
liferation, migration, and apoptosis of trophoblasts through the
PTEN/PI3K/AKT signaling pathway, and contribute to the patho-
genesis of PE.
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Numerous studies have shown that exploring the mechanism
of Inc-RNA-miRNA-mRNA in the ceRNA bioinformatics network
may provide new research targets for PE.*? For example, IncRNA
KCNQ1OT1 can target miR-146A-3p functions in HTR-8/SVneo
cells through the CXCL12/CXCR4 pathway.*® Interfering with the
expression of INcRNA NEAT1 can up-regulate miR-411-5p and in-
hibit the expression of PTEN, and then promote the proliferation,
migration, and invasion of trophoblast cells; thus slowing down
the development of PEA By predicting the site, we detected that
there may be binding sites between LINC00534 and miR-139-5p
or miR-494-3p, and RT-gPCR experiments confirmed the negative
correlation between miR-494-3p and LINCO0534. As reported, miR-
494-3p was implicated in numerous cancers including non-small cell

in endocrine diseases
46

lung cancer,*? osteosarcoma®® and glioma,44
such as diabetes meIIitus,45 and in cardiovascular system diseases.
Among them, Ou Yuhua et al. proved that miR-494-3p can atten-
uate the invasion and migration of trophoblasts by regulating the
HTRA1/notch-1 pathway, and participate in the progression of PE
disease.*’ Our results demonstrated that miR-494-3p is a target of
LINC00534 and is negatively regulated by LINCO0534 in HTR-8/
SVneo cells. Functional experiments also revealed that OE of miR-
494-3p could rescue the inhibition of proliferation and migration of
LINCO0534 in trophoblast cells. Literature reviews have suggested
that miR-494-3p stimulates the activation of the PISK/AKT signal-
ing pathway by targeting PTEN.*® Therefore, we hypothesized that
LINC00534 might affect the expression of PTEN by targeting miR-
494-3p, thereby regulating the PIBK/AKT signaling pathway. With
respect to this hypothesis, more in-depth exploration is needed in
future research.

We also checked whether LINCO0534 functioned through inter-
acting with proteins. Potential bound proteins HS90A and HSP7C
were reported to play roles in chaperones, but their roles in tropho-
blasts have not been proved. BiP (GRP78) was a master regulator
of endoplasmic reticulum.* The status of BiP (GRP78) is associated
with the invasive properties of cytotrophoblastic cells, syncytialisa-
tion and apoptosis in PE.>°">2 Moreover, GRP78 is an upstream reg-
ulator of PI3K/AKT signaling,”® while GRP78 has also been shown
to be a downstream target of AKT.’* Therefore, the complex func-
tion mechanisms of LINCO0534-bound proteins needed further
investigations.

In summary, our findings indicate that LINCO0534/miR-494-3p
can inhibit the proliferation and migration of HTR-8/SVneo tropho-
blast cells and promote their apoptosis through the PTEN/PI3K/AKT
pathway. Our work clearly has some limitations, but it may provide

some new insights into the pathogenesis of PE.
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