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Abstract

Pyroptosis is an inflammation-triggered cell death caused by certain inflammasomes, and long non-coding RNAs (IncRNAs)
are related to cell pyroptosis. This study evaluated the mechanism of IncRNA nuclear paraspeckle assembly transcript 1
(NEAT1) on lipopolysaccharide (LPS)-induced trophoblastic cells pyroptosis. HTR-8/Svneo trophoblastic cells were treated
with LPS. The expression of IncRNA NEAT1 was decreased using siRNAs, followed by the evaluation of cell prolifera-
tion, Caspase-1 activity, levels of Cleaved Caspase-1 and gasdermin D-N, and the concentrations of Interleukin (IL)-1f
and IL-18. We found that LPS promoted the pyroptosis of HTR-8/Svneo cells, and IncRNA NEAT1 was highly expressed
in LPS-treated HTR-8/Svneo cells while silencing IncRNA NEAT1 inhibited LPS-induced trophoblastic cells pyroptosis.
The subcellular localization of IncRNA NEAT1 was detected. Dual-luciferase gene experiment and RNA pull-down assay
detected that IncRNA NEAT1 bound to miR-302b-3p and could inhibit miR-302b-3p, and toll-like receptor 4 (TLR4) was
the target gene of miR-302b-3p. Then, a joint experiment was designed for detection, which found that miR-302b-3p down-
regulation partially reversed the inhibition of silencing IncRNA NEAT1 on LPS-induced trophoblastic cells pyroptosis and
overexpression of TLR4 annulled the inhibition of silencing IncRNA NEAT1 on LPS-induced trophoblastic cells pyroptosis.
Therefore, IncRNA NEAT1 promoted the transcription of TLR4 by competitively binding to miR-302b-3p, thus promoting
LPS-induced trophoblastic cells pyroptosis.
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Introduction

The trophoblastic cells, as the epithelial cell of the placenta,
plays a primary role in fetal development during pregnancy
by coordinating placental functions such as digestion,
respiration, and immunity [1]. However, the inflamma-
tory or death of trophoblastic cells can lead to pregnancy
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complications, such as recurrent miscarriage and preeclamp-
sia (PE) [2, 3]. PE is a severe complication with increas-
ing morbidity and fatality rate [4]. Studies have shown that
pyroptosis is an important inflammatory pathway in the pla-
centa and human trophoblastic cells of PE [5]. Pyroptosis,
as a distinct death pathway of inflammatory cells, happens
in the placenta mainly of the early stage of PE [6], and the
pyroptosis of trophoblastic cells has a great impact on the
development of PE [5, 7]. The relative study of trophoblastic
pyroptosis can offer a new direction for the treatment of PE.

Long non-coding RNAs (IncRNAs) are > 200 nucleo-
tides long [8] and exert their functions through interactions
with proteins, RNA, and DNA [9]. A recent study suggested
that the upregulation of IncRNA nuclear-enriched abundant
transcript 1 (NEAT1) was associated with an increase in
pyroptosis [10]. And IncRNA NEAT1 may participate in
the development of PE by regulating the proliferation and
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apoptosis of trophoblastic cells [11, 12]. However, further
evaluation is needed.

Competing endogenous RNAs (ceRNAs) are transcripts
that can regulate each other at the post-transcription level by
competing for shared microRNAs (miRNAs) and ceRNAs
networks link the function of protein-coding mRNAs with
that of non-coding RNAs such as miRNAs and IncRNAs
[13]. In addition, IncRNAs can act as miRNAs “sponges”,
and miRNAs can regulate IncRNAs [14]. miRNAs are small
non-coding RNAs that regulate gene expression via recogni-
tion of cognate sequences and interference of transcriptional,
translational, or epigenetic processes [15]. miR-302b-3p has
been identified to have a significant role in regulating the
activity, apoptosis, and oxidative stress in a variety of cells
[16], and miR-302b-3p shows low expression in PE [17].
Nonetheless, the role of miR-302b-3p on the pyroptosis of
trophoblastic cells is unclear.

During the activation of congenital and adaptive immune
responses, toll-like receptor 4 (TLR4) plays a primary role
[18], and the activation of the TLR4 receptor would induce
intracellular inflammation, thus leading to pyroptosis [19].
More importantly, TLR4 has profound influences on preg-
nancy-related complications, such as PE and the death of
the fetus [20].

As lipopolysaccharide (LPS) could act on the trophoblast
and further affect PE, we decided to introduce LPS to our
study [21, 22]. In this study, we focused on the mechanism
of IncRNA NEATI in regulating the pyroptosis of LPS-
induced trophoblastic cells.

Materials and Methods
Cell Culture and Transfection

The trophoblastic cell lines HTR-8/Svneo were purchased
from the American Type Culture Collection (ATCC, Manas-
sas, VA). Cells were cultured in RMPI-1640 (Thermo Fisher
Scientific, Waltham, MA, USA) medium supplemented
with 10% fetal bovine serum (FBS; Thermo Fisher Scien-
tific) and 1% penicillin/streptomycin (Thermo Fisher Sci-
entific) at 37°C with 5% CO,. Two siRNAs (si-NEAT1-1
and si-NEAT1-2) and their negative control (si-NC), as
well as plasmid pcDNA3.1-TLR4 and its negative control
pcDNA3.1-NC were all designed and synthesized by GeneP-
harma (Shanghai, China). miR-302b-3p inhibitor and inhibi-
tor NC were provided by Thermo Fisher Scientific. HTR-8/
Svneo cells were seeded in 6-well plates (1 x 10° cells/mL).
siRNAs with a final concentration of 60 nM, pcDNA 3.1
with a final concentration of 0.8 pg/mL, or miR-302b-3p
inhibitor or inhibitor NC with a final concentration of 50 nM
were, respectively, transfected into HTR-8/Svneo cells via
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). After

24 h of transfection, the medium was cultured with 200 ng/
mL LPS (Sigma-Aldrich, St. Louis, MO, USA) for 48 h
[21]. After that, the cells were harvested for the following
experiments.

Cell Counting Kit-8 (CCK-8) Assay

The activity of the cells was detected by the CCK-8 assay
kit (Dojindo, Kumamoto, Kyushu, Japan), and cells were
seeded in 96-well plates at 4 x 10° cells/well and incubated
with 5% CO, at 37°C. CCK-8 solution was added at 0, 24,
48, and 72 h, respectively, and incubated for 1.5 h. Then the
absorbance at 450 nm was measured by a microplate reader
(Bio-Rad 680, Hercules, CA, USA).

Caspase-1 Activity Detection

The activity of Caspase-1 in HTR-8/Svneo cells was exam-
ined using the FAM-FLICCA Caspase-1 assay kit (Immi-
nochemistry Technologies, Bloomington, MN, USA). After
several washes with PBS, HTR-8/Svneo cells were treated
with 10 pL FLICA reagent and 300 pL. DMEM containing
1% FBS for 1 h and then washed several times with PBS.
The fluorescence intensity was measured at Ex492/Em520
nm using SpectraMax Gemini EM Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA). Final results
were compared to the controls and were presented as rela-
tive percentages.

Reverse Transcription Quantitative Polymerase
Chain Reaction (RT-qPCR)

Total RNA was extracted from the cells by using Trizol
(Takara, Dalian, China) and reversely transcribed into
cDNA by using PrimeScript RT Master Mix. RT-qPCR
was adopted using SYBR Premix Ex Taq (Takara, Japan) on
ABI 7500 fast system (Applied Biosystems, CA, USA). With
U6 and GAPDH as internal references, the relative expres-
sions were calculated based on the 2722 method [23]. The
primer sequences are shown in Table 1.

Enzyme-Linked Immunosorbent Assay (ELISA)

The concentrations of IL-1p and IL-18 in cell culture super-
natants were determined according to the manufacturer's
instructions using Human IL-1p ELISA kit (ab214025,
Abcam) and Human IL-18 ELISA kit (ab215539, Abcam,
Cambridge, UK). The cells were centrifuged at 14,000 g
for 15 min to obtain the supernatant. According to the
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Table 1 PCR primers

Forward primer (5'-3")

Reverse primer (5'-3")

LncRNA NEAT1 TGCCACAACGCAGATTGATG AGGTGGGTAGGTGAGAGGTC
miR-302b-3p GCGCTCTAAGTGCTTCCATGTT ACTGGTGTCGTGGAGTCGGCA
TLR4 AGACCTGGCAGTTTCTGAGC GCAGGGTCTTCTCCACCTTC
GAPDH ATGGTTTACATGTTCCAATATGA TTACTCCTTGGAGGCCATGTGG
U6 AACGATACAGAGAAGATTAGCAT TTCACGAATTTGCGTGTCATCCTT

manufacturer's instructions, the absorbance at 450 nm was
determined using a microplate reader (Bio-Rad, CA, USA).

Western Blot

Total protein was extracted using cell lysis buffer RIPA
(Thermo Fisher). The concentration of protein was meas-
ured using bicinchoninic acid kits (Beyotime) which loaded
the protein onto a 12% sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), separated by electrophoresis, and
transferred to a polyvinylidene fluoride (PVDF) membrane.
The membrane was blocked with 5% skim milk for 1 h at
ordinary temperature and incubated overnight with primary
antibodies at 4°C. The primary antibodies are as follows:
Anti-Cleaved Caspase-1 antibody (1:1000, #4199, CST, Cell
Signaling Technology, Danvers, MA, USA), Anti-GSDMD
antibody (1:1000, ab215203, Abcam), and Anti-f-actin
(1:1000, ab8227, Abcam). The membrane was incubated
with the secondary antibody (1:2000, ab205718, Abcam)
at ordinary temperature for 1 h on the next day, and the blot
was tested using Pierce ECL Plus Substrate (Thermo Fisher
Scientific). Grayscale values were verified using Image J
(National Institutes of Health, Bethesda, Maryland, USA),
and P-actin was defined as the internal reference.

Bioinformatics

The binding sites of IncRNA NEATI1 and miR-302b-3p
were predicted online by the Starbase website (http://starb
ase.sysu.edu.cn/) [24]. The downstream target gene of miR-
302b-3p is predicted online by Starbase and TargetScan
(http://www.targetscan.org/vert_71/) [25].

Nuclear/Cytosol Fractionation Assay

The nuclear and cytoplasmic portions of HTR-8/Svneo
cells were separated by using nuclear fractionation buffer
(140 mmol/L NaCl, 1.5 mmol/L MgCl,, 10 mmol/L Tris
HCI, pH 8.5, 0.5% NP40). The cell particles were re-sus-
pended in the nuclear fractionation buffer and incubated
on ice for 5 min, centrifuged at 5000 g for 5 min, and the
supernatant was collected, e.g., nuclear precipitate. Nuclear
and cytoplasmic RNA were extracted using TRIzol reagent
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(Invitrogen). The expression of IncRNA NEATI in the
nucleus and cytoplasm was detected by RT-qPCR, with
GAPDH and U6 as controls.

Dual-Luciferase Report Gene Experiment

According to the prediction, the binding sites of IncRNA
NEAT1 and miR-302b-3p and miR-302b-3p and TLR4
were attained. A wild-type sequence or a mutant sequence
of IncRNA NEATI1 or TLR4 containing the binding site
with miR-302b-3p was, respectively, inserted into a pMIR-
REPORT plasmid (Thermo Fisher Scientific), and wild-
type plasmids IncRNA NEAT1 WT and TLR4 WT and
mutant plasmids IncRNA NEAT1 MUT and TLR4 MUT
were, respectively, constructed. The above plasmids were
co-transfected into HTR-8/Svneo cells with miR-302b-3p
mimic or mimic NC. At 48 h after transfection, the cells
were collected and lysed and luciferase activity was detected
using the dual-luciferase reporter gene analysis system (Pro-
mega, Madison, WI, USA) according to the manufacturer's
instructions.

RNA Pull-Down

The biotin-labeled miR-302b-3p and the negative control
(Sangon Biotech, Shanghai, China) were designated as bio-
miR-302b-3p and bio-NC, respectively, and incubated with
HTR-8/Svneo cell lysates. Streptavidin-coated beads were
then added. The pull-down assay was performed using a
biotin-coupled RNA complex (Pierce Biotechnology, USA).
The expressions of IncRNA NEAT1 and TLR4 detected by
RT-qPCR.

Statistical Analysis

Statistical analysis and mapping of the data were performed
using SPSS21.0 statistical software (IBM, Armonk, NY,
USA) and GraphPad Prism 8.0 software (GraphPad Soft-
ware Inc., San Diego, CA, USA). The measurement data
were expressed in the form of mean + standard deviation.
First, the normality and homogeneity of variance tests were
performed to verify that the data conformed to the normal
distribution and the variances were homogeneous. The data
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between two groups were compared using ¢ test. One-way
ANOVA or two-way ANOVA was used for comparisons
among multiple groups, and Tukey’s multiple comparisons
test was used for the post-hoc test. The p value was obtained
from two-sided test and p < 0.05 indicated the difference was
statistically significant, and p <0.01 indicated the difference
was highly statistically significant.

Results

LPS-Induced Trophoblastic Cell Pyroptosis and High
Expression of IncRNA NEAT1

HTR-8/Svneo cells were treated with LPS and it was found
that the proliferation of LPS-treated HTR-8/Svneo cells
was decreased (p <0.01, Fig. 1A). Next, the level of cell
pyroptosis was detected. After LPS treatment, the activity
of Caspase-1 in cells was increased (p <0.01, Fig. 1B), the
expressions of Cleaved Caspase-1 and GSDMD-N were

increased (p <0.01, Fig. 1C), and the concentrations of
IL-1p and IL-18 were increased (p <0.01, Fig. 1D). These
results suggested that LPS treatment promoted the pyrop-
tosis of HTR-8/Svneo cells. The upregulation of IncRNA
NEAT]1 is associated with an increase in pyroptosis in a
diabetic nephropathy model, and IncRNA NEAT1 might
be involved in the progression of PE by regulating the pro-
liferation and apoptosis of trophoblastic cells [10-12]. As
determined by RT-qPCR, IncRNA NEAT1 expression in
LPS-treated HTR-8/Svneo cells was markedly increased
(p<0.01, Fig. 1E). The above results indicated LPS-induced
trophoblastic cell pyroptosis and high expression of IncRNA
NEAT]I.

Silencing IncRNA NEAT1 Inhibited LPS-Induced
Trophoblastic Cell Pyroptosis

To investigate the regulation of IncRNA NEAT1 on tropho-
blastic cell pyroptosis, two siRNAs (si-NEAT1-1 and si-
NEATI1-2) were designed and transfected into LPS-treated
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Fig.1 LPS-induced trophoblastic cell pyroptosis and high expres-
sion of IncRNA NEAT1. HTR-8/Svneo cells induced by LPS were
prepared with normal cultured HTR-8/Svneo cells were used as the
control. A The proliferation of HTR-8/Svneo cells was detected by
the CCK-8 method. B The activity of Caspase-1 in cells was tested
by FAM-FLICA Caspase-1 detection. C The protein expressions of
Cleaved Caspase-1 and GSDMD-N in the cells were tested by West-

ern blot. D The concentrations of IL-1p and IL-18 in the cells were
detected by ELISA. E RT-qPCR was used to detect the expression of
IncRNA NEATI in the cells. The experiment was repeated 3 times
independently. Data were expressed as mean+standard deviation.
Data in panels B and E were examined by ¢ test. Data in panels A and
C-D were analyzed by two-way ANOVA and Tukey’s multiple com-
parisons test was used for the post-hoc test. **p <0.01
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Fig.2 Silencing IncRNA NEAT1 inhibited LPS-induced tropho-
blastic cell pyroptosis. Two NEAT1 siRNAs (si-NEATI1-1 and si-
NEATI1-2) were transfected into LPS-treated HTR-8/Svneo cells
using transfected NC siRNA (si-NC) as the control. A The expression
of IncRNA NEAT1 in HTR-8/Svneo cells was detected by RT-qPCR.
si-NEAT1-1 with the best intervention efficiency was selected for
subsequent testing. B The cell proliferation capacity was measured
by the CCK-8 method. C The activity of Caspase-1 was examined by

HTR-8/Svneo cells, and the expression of IncRNA NEAT1
in the cells was successfully reduced (p <0.05, Fig. 2A).
si-NEAT1-1, with the best intervention efficiency, was
selected for subsequent testing. The results showed that
after the expression of IncRNA NEATI1 was inhibited,
the proliferation capacity of LPS-treated HTR-8/Svneo
cells was increased (p <0.01, Fig. 2B). After silencing of
IncRNA NEATI, the activity of intracellular Caspase-1 was
decreased (p <0.05, Fig. 2C), the expressions of Cleaved
Caspase-1 and GSDMD-N were decreased (p <0.05,
Fig. 2D), and the concentrations of IL-1p and IL-18 were
also significantly reduced (p <0.05, Fig. 2E). The above
results indicated that silencing IncRNA NEAT1 could inhibit
LPS-induced trophoblastic cell pyroptosis.

LncRNA NEAT1 Bound to miR-302b-3p

To further study the mechanism of IncRNA NEATI in
regulating the pyroptosis of trophoblastic cells, through
the results of nuclear fractionation assay, it was found that
IncRNA NEAT1 was mainly expressed in the cytoplasm
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FAM-FLICA Caspase-1 detection kit. D The protein expressions of
Cleaved Caspase-1 and GSDMD-N were tested by Western blot. E
The concentrations of IL-1p and IL-18 were detected by ELISA. The
experiment was repeated 3 times independently. Data were expressed
as mean + standard deviation. Data in panels A and C were analyzed
by one-way ANOVA. Data in panels B and D-E were analyzed by
two-way ANOVA and Tukey’s multiple comparisons test was used
for the post hoc test. *p <0.05, **p <0.01

of trophoblastic cells (Fig. 3A). It indicated that IncRNA
NEAT1 might regulate the pyroptosis of trophoblastic cells
through the ceRNA mechanism. miRNAs downstream of
IncRNA NEAT1 were predicted, in which miR-302b-3p was
lowly expressed in PE [17]. A binding relationship between
IncRNA NEAT1 and miR-302b-3p was found based on the
binding site of IncRNA NEAT1 and miR-302b-3p and the
dual-luciferase experiment (p <0.01, Fig. 3B). The RNA
pull-down experiment further verified this binding rela-
tionship (p <0.01, Fig. 3C). Next, the expression of miR-
302b-3p in each group of cells was detected by RT-qPCR,
and the results showed that miR-302b-3p showed low
expression in LPS-treated HTR-8/Svneo cells, while after
silencing IncRNA NEAT]1, the expression of miR-302b-3p
was increased (p <0.01, Fig. 3D). The above results indi-
cated that IncRNA NEAT1 could bind to miR-302b-3p and
inhibit the expression of miR-302b-3p.



Molecular Biotechnology (2022) 64:670-680

675

A_ B

%2-0‘ = nucleus
= mm cytoplasm
5 157 NEAT1
<zt 5’-gaGUUUGACUAUUCCAAGCACUUc-3 (WT)
Z 1.0 miR-302b-3p S HEEEREN
2 3-gaUGAUUUUGU- ACCUUCGUGAAU-5
© 0.5 NEAT1 o [ 00
2 5'-9aGUAUGACUUUACCAUCGUGAAG -3 (MUT)
©
oy 0.0-

> «\ ©

o N

& &

mm mimic NC c - D
2157 =3 miR-302b-3p mimic ~ fg 20~ * T 157
> w o
g | - : = =
s | s 151 8
$ 1.0 £ § 1.0
3 E 101 ?
'C S o
i 0.5 £ € 0.5
2 o 57 >
s 3 k=
Q
& g.0- , § o mmmm | & g.0-

NEAT1 WT NEAT1 MUT & oR

6\0' Q’Q‘bo ()o 6\ \'e@
.\Q: Q% x@
& V@
o WV

Fig.3 LncRNA NEATI bound to miR-302b-3p. A The subcellular
localization of IncRNA NEAT1 was verified by the nuclear/cytosol
fractionation assay. B, C The binding relationship between IncRNA
NEAT! and miR-302b-3p was tested by dual-luciferase gene assay
and RNA pull-down assay. D The expression of miR-302b-3p in
HTR-8/Svneo of each group was examined by RT-qPCR. The experi-

miR-302b-3p Downregulation Alleviated
the Inhibitory Effect of Silencing IncRNA NEAT1
on LPS-Induced Trophoblastic Cell Pyroptosis

To verify the role of miR-302b-3p in LPS-induced tropho-
blastic cell pyroptosis which was regulated by IncRNA
NEAT1, miR-302b-3p inhibitor (inhibitor) was transfected
into HTR-8/Svneo cells and it successfully reduced the
expression of miR-302b-3p in cells (p <0.01, Fig. 4A), and
then a joint experiment with si-NEAT1 was conducted. The
results showed that compared with IncRNA NEATT silenc-
ing alone, the proliferation ability of HTR-8/Svneo cells in
the combination group was decreased (p <0.01, Fig. 4B).
In addition, the degree of cell pyroptosis was detected,
and the results showed that after the combination treat-
ment with silencing IncRNA NEAT1 and miR-302b-3p
downregulation, the intracellular Caspase-1 activity was

ment was repeated 3 times independently. Data were expressed as
mean +standard deviation. Data in panel C were examined by ¢ test.
Data in panel D were analyzed by one-way ANOVA. Data in panel B
were analyzed by two-way ANOVA and Tukey’s multiple compari-
sons test was used for the post hoc test. **p <0.01

distinctly increased (p < 0.05, Fig. 4C). The expressions of
Cleaved Caspase-1 and GSDMD-N were notably increased
(p <0.05, Fig. 4D), and the concentrations of IL-1f and
IL-18 were increased (p <0.05, Fig. 4E). These results
indicated that miR-302b-3p downregulation weakened the
inhibitory effect of silencing IncRNA NEAT1 on LPS-
induced trophoblastic cell pyroptosis.

miR-302b-3p-Targeted TLR4

To explore the downstream mechanism of miR-302b-3p, the
downstream target genes of miR-302b-3p were predicted via
the Starbase and TargetScan databases, and the intersection
was taken (Fig. SA). TLR4 is associated with cell pyropto-
sis and is highly expressed in PE [18, 19, 21, 22]. Through
the dual-luciferase experiment and RNA pull-down assay,
it was found that TLR4 was the target gene of miR-302b-3p
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Fig.4 miR-302b-3p downregulation alleviated the inhibitory
effect of silencing IncRNA NEAT1 on LPS-induced trophoblastic
cell pyroptosis. miR-302b-3p inhibitor (inhibitor) was transfected
into HTR-8/Svneo cells, with inhibitor NC as the control. A The
expression of miR-302b-3p was detected by RT-qPCR, and the LPS-
induced HTR-8/Svneo cells were treated with miR-302b-3p inhibi-
tor and si-NEAT1. B The cell proliferation capacity was measured
by the CCK-8 method. C The activity of Caspase-1 was tested by

(»<0.01, Fig. 5B-C). In addition, RT-qPCR was adopted to
verify the mRNA level of TLR4 in each group of cells, and
it was found that TLR4 was highly expressed in LPS-treated
HTR-8/Svneo cells. Silencing IncRNA NEATI inhibited
the transcription of TLR4, while miR-302b-3p downregu-
lation could reduce the inhibition of silencing IncRNA
NEAT]1 on the transcription of TLR4 (p <0.05, Fig. 5D).
The above results indicated that TLR4 was a target gene of
miR-302b-3p.

Overexpression of TLR4 Alleviated the Inhibitory
Effect of Silencing IncRNA NEAT1 on LPS-Induced
Trophoblastic Pyroptosis

To verify the role of TLR4 in LPS-induced trophoblastic cell
pyroptosis which was regulated by IncRNA NEAT], a joint
experiment was designed. First, pcDNA3.1-TLR4 was trans-
fected into HTR-8/Svneo cells and the mRNA level of TLR4
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FAM-FLICA Caspase-1 detection kit. D The protein expressions of
Cleaved Caspase-1 and GSDMD-N were examined by Western blot.
E The concentrations of IL-1f and IL-18 in the cells were detected
by ELISA. The cell experiment was repeated 3 times independently.
Data were expressed as mean + standard deviation. Data in panels A
and C were analyzed by one-way ANOVA. Data in panels B and D-E
were analyzed by two-way ANOVA and Tukey's multiple compari-
sons test was used for the post hoc test. *p <0.05, **p <0.01

in the cells was successfully upregulated (p <0.01, Fig. 6A),
and then a joint experiment with si-NEAT1 was conducted.
The results showed that after the overexpression of TRLA4,
the LPS-induced cell proliferation was significantly down-
regulated (p <0.05, Fig. 6B). In addition, compared with the
IncRNA NEATI silencing alone, the activity of Caspase-1
in cells of the combination group was increased (p <0.05,
Fig. 6C), the protein expressions of Cleaved Caspase-1 and
GSDMD-N were increased (p <0.05, Fig. 6D), and the
concentrations of IL-1p and IL-18 were markedly increased
(p <0.01, Fig. 6E). The results indicated that IncRNA
NEAT]1 upregulated TLR4 transcription by competitively
binding to miR-302b-3p and further promoted LPS-induced
trophoblastic cell pyroptosis.
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(http://www.targetscan.org/vert_71/), and the intersection was taken.
B, C The binding relationship between miR-302b-3p and TLR4 was
verified by the dual-luciferase experiment and an RNA pull-down
experiment. D mRNA level of TLR4 in HTR-8/Svneo of each group

Discussion

Trophoblastic cells, as the functional epithelial cells of the
placenta, have distinct functions for placentation [26, 27].
The abnormity of trophoblastic cells, such as pyroptosis
would cause the PE [2]. Pyroptosis is defined as a cell death
that is featured by programmed processes and is dependent
on the caspases and protein family of gasdermin [28], and
it is also a pivotal pathway of inflammation mainly in the
placenta of an early stage of PE and human trophoblasts that
subject to hypoxia as well as endoplasmic reticulum stress-
ors [5]. LncRNA NEATI has been proved to be related to
pyroptosis [29]. In this study, the effect of IncRNA NEAT1
on LPS-induced pyroptosis of trophoblastic cells was inves-
tigated to provide new theoretical knowledge for the treat-
ment of PE.

A previous study has shown that Caspase-11/4/5 would
trigger pyroptosis upon recognizing intracellular LPS [30].
Hence, HTR-8/Svneo cells were treated with LPS to verify
the function of LPS on trophoblastic cell pyroptosis. We
found that the cell proliferation was decreased, the activ-
ity of Caspase-1 was increased, the expressions of Cleaved

was detected by RT-qPCR. The experiment was repeated 3 times
independently. Data were expressed as mean +standard deviation.
Data in panel C were examined by 7 test. Data in panel D were ana-
lyzed by one-way ANOVA. Data in panel B were analyzed by two-
way ANOVA and Tukey’s multiple comparisons test was used for the
post hoc test. *p <0.05, **p <0.01

Caspase-1 and GSDMD-N were increased, and the con-
centrations of IL-1f and IL-18 were increased, indicating
the pyroptosis in HTR-8/Svneo cells. A study showed that
LPS could lead to the activity of Caspase-1 and pyropto-
sis with an increase of the levels of IL-1f and IL-18, and
an increase of the activity of Caspase-1 [31], which were
consistent with our test results. The above demonstrated
that LPS could induce the pyroptosis of trophoblastic cells.
Previous studies showed that IncRNAs were involved in the
process of pyroptosis, such as IncRNA H19, IncRNA KLF3
AS1, and IncRNA MEG3 [32-34]. Subsequently, RT-qPCR
was adopted to examine the expression of IncRNA NEATT,
which showed that IncRNA NEAT1 was highly expressed in
LPS-treated HTR-8/Svneo cells. LncRNA NEAT1 involves
in the progression of PE by regulating the proliferation
and apoptosis of trophoblastic cells [10-12]. In short, LPS
induced trophoblastic cell pyroptosis and IncRNA NEAT]1
was highly expressed in LPS-treated HTR-8/Svneo cells.
To investigate the roles of IncRNA NEAT] in tropho-
blastic cell pyroptosis, siRNAs were transfected into
LPS-induced HTR-8/Svneo cells to decrease the expres-
sion of IncRNA NEAT1. The maturation and secretion of
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Fig.6 Overexpression of TLR4 alleviated the inhibitory effect of
silencing IncRNA NEAT1 on LPS-induced trophoblastic pyroptosis.
pcDNA3.1-TLR4 (pc-TLR4) was transfected into HTR-8/Svneo cells
using pcDNA3.1-NC (pc-NC) as a control. A mRNA level of TLR4
was detected by RT-qPCR, and then combined with si-NEAT1 to
conduct a joint experiment. B The cell proliferation ability was veri-
fied by the CCK-8 method. C The activity of Caspase-1 in HTR-8/
Svneo cells was detected by FAM-FLICA Caspase-1 detection Kkit.

Caspase-1, IL-1p, and IL-18 would initiate pyroptosis, and
the decrease of Cleaved-Caspase-1, GSDMD, and GSDMD-
N could alleviate pyroptosis [35, 36]. As the results of our
experiments showed, silencing IncRNA NEATI1 could
inhibit LPS-induced trophoblastic cell pyroptosis with the
Caspase-1 activity, the expression of Cleaved Caspase-1,
and GSDMD-N decreased, and the concentrations of IL-1
and IL-18 declined. Literature has shown that the upregu-
lation of IncRNA NEAT1 was involved in the increase of
pyroptosis in a diabetic nephropathy model and a model of
ischemia/reperfusion [10, 37]. But the regulation of IncRNA
NEATTI in trophoblastic cell pyroptosis is not studied yet.
Overall, we first concluded that silencing IncRNA NEAT1
promoted the proliferation of LPS-induced HTR-8/Svneo
cells and limited LPS-induced trophoblastic cell pyroptosis.

LncRNAs could function by acting as molecular sponges
of miRNAs to regulate gene expression and cell growth
[38, 39]. Through the nuclear/cytosol fractionation assay,
we found that IncRNA NEAT1 was mainly expressed in
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D The protein expression of Cleave Caspase-1 and GSDMD-N in
cells was detected by western blot. E The concentration of IL-1p and
IL-18 in cells was examined by ELISA. The experiment was repeated
3 times independently. Data were expressed as mean + standard devi-
ation. Data in panels A and C were analyzed by one-way ANOVA.
Data in panels B and D-E were analyzed by Two-way ANOVA. Data
in panel B were analyzed by two-way ANOVA and Tukey’s multiple
comparisons test was used for the post-hoc test. *p <0.05, **p <0.01

the cytoplasm of trophoblastic cells. Then we predicted the
miRNA downstream of IncRNA NEAT1, among which we
focused on miR-302b-3p. miR-302b-3p was lowly expressed
in PE [17]. Through dual-luciferase assay and RNA pull-
down assay, we identified that IncRNA NEAT1 bound
to miR-302b-3p. RT-qPCR revealed that miR-302b-3p
was lowly expressed in LPS-induced HTR-8/Svneo cells,
while after silencing IncRNA NEAT1, miR-302b-3p was
increased. Briefly, IncRNA NEAT]1 targeted miR-302b-3p.

miRNAs have been identified to be involved in the cell
pyroptosis mechanism [40—42]. Hence, to further verify
the effect of miR-302b-3p on LPS-induced trophoblastic
cell pyroptosis, we transfected HTR-8/Svneo cells with
miR-302b-3p inhibitor and conducted a joint experiment
with si-NEAT1. The results showed that after inhibiting
miR-302b-3p, the proliferation of HTR-8/Svneo cells was
inhibited, the activity of Caspase-1, and the expressions
of Cleaved Caspase-1 and GSDMD-N as well as the con-
centrations of IL-1p and IL-18 were increased. There is no
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report on the regulation of miR-302b-3p on HTR-8/Svneo
cells or pyroptosis. Our results firstly suggested that miR-
302b-3p downregulation reduced the inhibitory effect of
silencing IncRNA NEAT1 on LPS-induced trophoblastic
cell pyroptosis.

Then through website prediction, dual-luciferase reporter
gene assay, RNA pull-down, and RT-qPCR assay, we found
TLR4 was highly expressed in the LPS-treated HTR-8/
Svneo cells, and silencing IncRNA NEAT1 inhibited the
transcription of TLR4 while miR-302b-3p downregulation
elevated the transcription of TLR4. Hence, we confirmed
that TLR4 was a target gene of miR-302b-3p. Furthermore,
we designed a joint experiment to test the effect of TLR4
on LPS-induced trophoblastic cell pyroptosis. After over-
expressing TRL4, the cell proliferation of LPS-induced
was greatly downregulated and Caspase-1 activity was
increased, Cleaved Caspase-1 and GSDMD-N were also
increased, while IL-1 and IL-18 were increased. TLR4 can
induce GSDMD-mediated pyroptosis [18, 19, 43] and was
related to LPS-induced and PE-like symptoms by damag-
ing trophoblast invasion [21], and was highly expressed in
PE (22). In conclusion, miR-302b-3p targeted TLR4, and
overexpression of TLR4 alleviated the inhibitory effect of
silencing IncRNA NEAT1 on LPS-induced trophoblastic
cell pyroptosis.

This study highlighted that IncRNA NEAT1 promoted
the transcription of TLR4 by competitively binding to
miR-302b-3p, thus promoting LPS-induced trophoblastic
cell pyroptosis, which may provide a promising target for
PE and other obstetrical and gynecologic related diseases.
However, this study still has its limitations. There is a vari-
ety of downstream miRNAs and target genes of IncRNA
NEATI, but we only studied the IncRNA NEATI1-miR-
302b-3p-TRL4 axis. Besides, this study only involved cell
pyroptosis, and the effects of IncRNA NEAT1 on tropho-
blastic cell apoptosis and iron death need further explora-
tion. Only the transcriptional level of TLR4 was studied in
our study, and further research is warranted to explore the
effects of TLR4 protein level on trophoblastic cell pyrop-
tosis. And, we did not separately observe the effect of the
miR-302b-3p inhibitor. In future studies, we will investigate
the effects of TLR4 protein level and other regulatory mech-
anisms of IncRNA NRAT1 on trophoblast cell pyroptosis.
Meanwhile, we will conduct an individual intervention with
miR-302b-3p inhibitor to study the role of miR-302b-3p in
LPS-induced trophoblast pyroptosis more specific.
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