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Abstract

Background The pathogenesis of preeclampsia (PE) is suggested to be a consequence of inflammation. Previously conducted
investigations on nod-like receptor pyrin domain-containing 3 (NLRP3) have shed light to its crucial role in PE. Further-
more, microRNA-520c-3p (miR-520c-3p) is observed to be implicated in inflammation. Therefore, the current study aimed
to explore the role of miR-520c-3p in inflammatory cascade of PE by targeting NLRP3.

Methods Microarray analyses were performed to screen differentially expressed genes associated with PE, and the potential
relationship between miR-520c-3p and NLRP3 was analyzed. PE and normal placenta tissues were collected to determine
the levels of inflammatory cytokines (IL-18, IL-33, IL-1f, IL-10, and TNF-a), miR-520c-3p and NLRP3. Hypoxic HTRS/
SVneo cells were transfected with oe-NLRP3, si-NLRP3 or miR-520c-3p mimic to elucidate the functional role of NLRP3 or
miR-520c-3p in the inflammatory cascade in PE, followed by the evaluation of levels of inflammatory cytokines and NLRP3
inflammasomes (NLRP3, ASC and caspase-1). Additionally, the HTR8/SVneo cell migration and invasion were evaluated.
Results An upregulation of NLRP3, IL-18, IL-1p and TNF-a, and downregulation of miR-520c-3p, IL-33 and IL-10 were
observed in PE placenta tissues. NLRP3 was found to be a target gene of miR-520c-3p. HTR8/SVneo cells after hypoxia
transfected with si-NLRP3 or miR-520c-3p mimic exhibited decreased levels of inflammatory cytokines and NLRP3 inflam-
masomes, in addition to increased IL-10 and IL-33 levels. Moreover, enhanced migration and invasion abilities were observed
in cells transfected with si-NLRP3.

Conclusion Collectively, miR-520c-3p could potentially inhibit NLRP3 inflammasome activation and inflammatory cascade
in PE by downregulating NLRP3, highlighting the potential of miR-520c-3p as a therapeutic target for PE treatment.
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Background

Preeclampsia (PE) is a placenta-induced inflammatory dis-
order accompanied by maternal and fetal morbidity and
mortality, and the pathogenesis of PE shares an association
with inflammation [1]. Approximately 3—5% of all pregnan-
cies are affected by PE, accounting for more than 60,000
cases of maternal annual deaths [2]. Currently, the only
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curative treatment of PE remains to be the removal of pla-
centa through delivery [3]. Known factors that are associated
with the development and progression of PE include insuf-
ficient trophoblast invasion and poor remodeling of uterine
spiral arteries [4]. Previously, vascular abnormalities and
inflammation have been found in placentas from women
with PE when compared to healthy pregnancies, highlight-
ing the crucial role played by inflammation in this pregnancy
complication [5]. Moreover, the existence of imbalanced
inflammatory cytokine production such as pro-inflammatory
cytokines including tumor necrosis factor alpha (TNF-o) and
anti-inflammatory cytokines including interleukin (IL)-10
during the placental-decidual interface is reflected in mater-
nal and umbilical circulation [6]. Therefore, it is trivial to
seek out potential therapeutic approaches for an effective
treatment of inflammation in PE.
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Nod-like receptor pyrin domain-containing 3 (NLRP3)
inflammasome, which comprises NLRP3, apoptotic speck-
like protein containing a CARD domain (ASC) and cas-
pase-1, has been previously demonstrated to be involved
in various inflammatory diseases such as atherosclerosis
[7]. A former study further demonstrated increased expres-
sion patterns of NLRP3 inflammasomes in placentas from
women with PE, suggesting an association between acti-
vated NLRP3 inflammasomes and aggravated inflammatory
states [8]. NLRP3 forms a major member of the NLRP3
inflammasomes, whose mutation results in enhancement of
NLRP3 inflammasome activity and IL-1p over-production
[9]. According to an online prediction software and dual-
luciferase reporter gene assay, NLRP3 was confirmed to
be a target gene of microRNA-520c-3p (miR-520c-3p).
Furthermore, numerous microRNAs (miRNAs) have been
documented to function as regulators of immune and inflam-
matory responses, indicating the existence of close associa-
tion between dysregulated expression of specific miRNAs
and activated inflammatory responses [10]. Specifically,
miR-520/373 family was demonstrated to act as a tumor
suppressor for estrogen receptor-negative breast cancer by
means of bridging the NF-xB and TGF-f§ pathways, thus
promoting the interaction among tumor progression, metas-
tasis and inflammation [11]. In addition, miR-520c has been
reported to be upregulated eightfold in periodontitis com-
pared to healthy gingiva, indicating its potential participant
role in chronic periodontitis inflammation [12]. In addition,
enriched expression of miR-520c-3p is revealed in tropho-
blast, while it is downregulated by hypoxia [13]. Therefore,
we hypothesized that miR-520c-3p could be involved in
NLRP3 inflammasomes and inflammatory cascade in HTR8/
SVneo cells after hypoxia by targeting NLRP3. The cur-
rent study aims to define the major role and explore poten-
tial mechanism of miR-520c-3p/NLRP3 in PE, hoping to
uncover a promising therapeutic approach for PE treatment.

Materials and methods
Ethic statement

The current study was approved by the Ethics Committee of
the First Affiliated Hospital of the Medical College, Shihezi
University (AF/SC-07/01.1). Signed informed consents were
obtained from all participating patients prior to enrollment
into the study.

Microarray-based analysis
The Gene Expression Omnibus (GEO) database (https://

www.ncbi.nlm.nih.gov/geo/) was used to retrieve the gene
expression profiles and probe annotation files of GSE96983
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datasets, which are comprised of four cases of normal pla-
centa samples and three cases of PE placenta samples. The
Affy package of R language was applied for both pre-pro-
cessing and standardization of the gene expression data, and
the limma package was adopted for screening the differen-
tially expressed genes (adj. p Val referred to a corrected p
value). The screening threshold for differentially expressed
genes was set as [LogFoldChangel > 2 and adj. p val <0.05,
and subsequently, a heat map was plotted.

Study subjects

A total of 30 cases of PE placenta tissues (PE group) and 30
cases of normal placenta tissues (control group) hospital-
ized at the First Affiliated Hospital of the Medical College,
Shihezi University, between September 2016 and Septem-
ber 2017 were enrolled in the current study. The diagnostic
criteria were applied following the parameters of a previ-
ous study [14]. Specifically, all included patients under-
went termination of pregnancy via cesarean section with
epidural anesthesia. Patients presenting with hypertension,
heart disease, diabetes, thyroid disease, kidney disease, and
other complications that may lead to hypoxic changes were
excluded [14]. After delivery of the placenta, the placental
tissues with a size of about 1 cmXx 1 cm X 1 cm were cut
around the umbilical cord in the central region of the mater-
nal surface of placenta (avoiding organization, calcification
or hemorrhagic foci). All obtained tissues were frozen in
liquid nitrogen within 20 min after the separation and stored
at — 80 °C for further use. The clinical data of patients hos-
pitalized between September 2016 and September 2017 in
the PE group and the control group are shown in Table 1.

Enzyme-linked immunosorbent assay (ELISA)
The placenta specimens were thawed, and 500 mg of pla-

centa tissues was rinsed twice with 400 mL of Tris—Cl buffer
with the excess liquid removed using filter paper. Next, the

Table 1 The clinical data of patients in the control and PE group

Indicator Control PE

Case 30 30

Age 28.67+2.78 27.07+2.53
Gestational week 37.90+0.92 36.90+0.96
BMI (kg/m?) 24.86+1.94 24.18+1.63
MABP (mmHg) 97.76 +£2.94 119.87 +6.04
24-h urinary protein (g) 0.09+0.02 2.16+0.17
Neonatal weight (g) 3364.82+198.44 2802.33 +231.11

PLW (g) 653.24 +34.17 459.37+38.67

BMI body mass index, MABP mean arterial blood pressure, PLW pla-
cental weight, PE preeclampsia
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placenta tissues were placed in 2 mL of Tris—Cl buffer con-
taining protease inhibitor and homogenized for 60 s using an
ultrasonic-homogenization machine. Then, the tissues were
centrifuged at 7246Xxg for 20 min at 4 °C with the superna-
tant collected and preserved at a —70 °C freezer for sub-
sequent use. The levels of IL-18, IL-33, IL-1p, caspase-1,
IL-10, and TNF-a were, respectively, detected according to
the instructions of the following ELISA kits: IL-18 (E03641,
Shanghai Walan Biotech Co., Ltd., Shanghai, China), IL-33
(KLO01534, Shanghai Kanglang Biological Co., Ltd., Shang-
hai, China), IL-1f (583311-96, AmylJet Scientific, Wuhan,
Hubei, China), IL-10 (ab46034, Abcam, Cambridge, MA,
USA), caspase-1 (C101, Beyotime Biotechnology Co., Ltd.,
Shanghai, China), and TNF-a (K1052-100, AmylJet Scien-
tific, Wuhan, Hubei, China).

Immunohistochemistry

Subsequently, 3—5-pum placenta tissues from each group
were extracted, attached to slides treated with polylysine,
and then baked at 65 °C for 4.5 h, dewaxed twice with
xylene (3 min/time), dehydrated once in gradient alcohol
for 2 min, and finally washed under water for 2 min. Next,
the slides were immersed in 3% methanol H,O, for 20 min,
and washed with distilled water for 2 min, followed by 3-min
rinsing using 0.1 M phosphate buffer saline (PBS). Then, the
slides were water-bath repaired in an antigen repair solu-
tion, and the temperature was lowered for 3—5 min after
boiling and cooled down under running water. Following
cooling, the slides were blocked with normal goat serum
blocking solution (C-0005, Shanghai Haoran Biotechnology
Co., Ltd., Shanghai, China) at room temperature for 30 min
with the excess liquid being dried. Next, the slides were
incubated with the primary antibody rabbit polyclonal anti-
body to NLRP3 (dilution ratio of 1:500, ab214185, Abcam
Inc., Cambridge, MA, USA) overnight at 4 °C, followed
by three 0.1 M PBS rinses (5 min/time). On the following
day, the slides were further incubated with the secondary
antibody anti-rabbit immunoglobulin G (IgG) (dilution ratio
of 1:1000, ab6721, Abcam Inc., Cambridge, MA, USA) at
room temperature for 30 min. After incubation, the slides
were added with diaminobenzidine (DAB) (P0203, Beyo-
time Institute of Biotechnology, Shanghai, China) for col-
oration for 5 min at room temperature, followed by 5-min
washing under running water, and the degree of coloration
was controlled under a microscope. Finally, the slides were
counterstained with hematoxylin, differentiated with 1%
hydrochloric acid ethanol for 5 s, immersed under running
water for 10 min to turn blue, sealed with neutral resin and
observed under a microscope. A total of five high-magnifi-
cation fields were randomly selected from each section, and
a total of 100 cells were counted in each field and classified
according to the following criteria: the number of positive

cells < 10% represented negative; 10% < the number of posi-
tive cells < 50% was considered as positive; the number of
positive cells > 50% indicated strongly positive [15].

Cell treatment

HTRS8/SVneo cells (Shanghai Yubo Biological Technology
Co., Ltd., Shanghai, China) were cultured in T25 cell cul-
ture flask of 1640 medium (Gibco Company, Grand Island,
NY, USA) containing 10% fetal bovine serum (FBS, Gibco
Company, Grand Island, NY, USA) at 37 °C in incubator
with 5% CO, and 20% O,. When the cell confluence reached
90%, the cells were passaged. The cells were detached with
1 mL of 0.25% trypsin at 37 °C for 2 min, and detachment
was terminated with medium containing serum. Then, the
collected cells were centrifuged at 800xg for 6 min with
the supernatant removed, and added with an equal volume
of medium containing serum, mixed uniformly and evenly
transferred into each cell culture flask.

Hypoxia deoxygenation

When the cell confluence reached approximately 60-80%,
the HTR8/Svneo cells were incubated for 2 h in an incu-
bator with 2% O,, 5% CO, and 93% N, and then cultured
under normal conditions for 6 h. Cells were then transfected
with following plasmids: pCMV-HA-null [oe-negative
control (NC)], pCMV-HA-NLRP3 (oe-NLRP3), si-scram-
bled sequence (si-NC), si-NLRP3 interference sequence
(si-NLRP3), mimic negative sequence + pCMV-HA-null
(mimic-NC + oe-NC), miR-520c-3p sequence + pCMV-
HA-null (miR-520c-3p mimic + oe-NC), and miR-520c-3p
sequence + pCMV-HA-NLRP3 (miR-520c-3p mimic + oe-
NLRP3). The transfection sequences were synthesized
by Shanghai Sangon Biotechnology Co., Ltd. (Shanghai,
China). The cells were inoculated into a six-well plate 24 h
prior to cell transfection. When the cell confluence reached
about 50%, the HTR8/Svneo cells were transiently trans-
fected with the above-mentioned sequences via mediation
of Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for
6 h, during which, the dosage of plasmid oe-NLRP3 was
2 pg and that of plasmid si-NLRP3 was 100 pmol. After the
culture medium was changed, the cells were further cultured
for another 48 h and used for subsequent experimentation.

Dual-luciferase reporter gene assay

The bioinformatics prediction website, microRNA.org,
was employed to predict the target genes of miR-520c-3p,
and then a dual-luciferase reporter gene assay was adopted
to further verify whether NLRP3 was a direct target gene
of miR-520c-3p. The 3'untranslated region (UTR) gene
fragment of NLRP3 was synthesized, and introduced to
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the pMIR-reporter vector via the endonuclease sites, Xhol
and BamHI. Then, the mutation site of the complementary
sequence of the seed sequence was designed on the NLRP3-
3'UTR-wild type (WT). After restriction enzyme digestion,
the target fragment was inserted into the pMIR-reporter
using T4 DNA ligase. Subsequently, the sequenced cor-
rectly luciferase reporter plasmids WT-NLRP3 and mutant
(MUT)-NLRP3 were, respectively, co-transfected with miR-
520c-3p into the HEK-293T cells (Shanghai Xin Yu Bio-
tech Co., Ltd., Shanghai, China). Following a 48-h period
of transfection, the cells were harvested and lysed, followed
by centrifugation for 3—5 min with the supernatant collected.
The luciferase activity was detected using a dual-luciferase
detection kit (RG000S5, Beyotime Biotechnology Co., Ltd.,
Shanghai, China) and a dual-luciferase reporter assay system
(Promega, Madison, WI, USA) [16].

Reverse transcription quantitative polymerase
chain reaction (RT-qPCR)

An ultra-pure RNA extraction kit (D203-01, Beijing
GeneStar Biotechnology Co., Ltd., Beijing, China) was
adopted to extract the total RNA. Primers of miR-520c-3p
and NLRP3 were designed and then synthesized by Takara
Biotechnology Ltd. (Dalian, Liaoning, China), as shown
in Table 2. The RNA template, Primer Mix, dNTP Mix,
DTT, RT Buffer, HiFi-MMLYV and RNase-free water were
dissolved on ice for subsequent use. Next, RT-qPCR reac-
tion was carried out according to the manufacture’s proto-
cols provided by the TagMan MicroRNA Assays Reverse
Transcription Primer (4366596, Thermo Fisher Scientific,
Waltham, MA, USA). The reaction solution was subjected
to RT-qPCR in accordance with the instructions of the
SYBR® Premix Ex TaqTM II Kit (RR820A, ActionAward
Biotechnology Co., Ltd., Guangzhou, Guangdong, China).
U6 was used as the internal reference for miR-520c-3p,

Table 2 Primer sequences for RT-qPCR

Name Sequence

miR-520c-3p F: 5"-GAAGCACTTTCTGTTGTCTGAA-3'
R: 5'-TCAAACGGTAACCCTCTAAAAGGA-3'
[8[9 F: 5'-GAATTCCCCAGTGGAAAGACGC-3'

R: 5'-GGTGTTTCGTCCTTTCCACAAGAT
ATATAAAGGG-3’

NLRP3 F: 5'-GGTTTACCAGGGGAAATGAGG-3’
R: 5" TTGTGCTTCCAGATGCCGT-3’
GAPDH F: 5'-ATCACCATCTTCCAGGAGCGA -3'

R: 5-GCTTCACCACCTTCTTGATGT-3'

RT-gPCR reverse transcription quantitative polymerase chain reac-
tion, miR-520c-3p microRNA-520c-3p, NLRP3 nod-like receptor
pyrin domain-containing 3, GAPDH glyceraldehyde-3-phosphate
dehydrogenase, F forward, R reverse
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and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
for NLRP3 (abs830032, Absin Bioscience Inc., Shang-
hai, China). The fold changes were calculated by means
of relative quantification (2~ AACt method), the formula of
which was as follows: AACt=ACt ¢ experimental group —ACt
the control group® in which ACt=Ct (target gene) —-Ct
(internal reference)- 1 N€ €xperiments were repeated three inde-
pendent times to obtain the mean value.

Western blot analysis

The cells at the logarithmic phase of growth were trans-
fected according to cell grouping. Following a 48-h period
of transfection, the cell culture medium in the culture flask
was removed. Then, the cells were rinsed once with pre-
cooled PBS, lysed with radioimmunoprecipitation assay
cell lysis buffer on ice for 30 min, followed by centrifuga-
tion at 39,451.6xg for 10 min. The supernatant was col-
lected for determination of protein concentration using
a bicinchoninic acid kit and subsequently preserved at
—20 °C. Next, the proteins were separated by sodium
dodecyl sulfate-polyacrylamide gradient gel electropho-
resis, and transferred onto a nitrocellulose membrane. The
membrane was blocked with 5% bovine serum albumin
(BSA) at room temperature for 1 h and then incubated
with addition of the following primary antibodies: rabbit
polyclonal antibody to NLRP3 (ab214185, dilution ratio
of 1:1000), ASC (ab18193, dilution ratio of 1:1000), IL-33
(ab83873, dilution ratio of 1:1000), IL-1p (ab2105, dilu-
tion ratio of 1:2000), IL-18 (ab71495, dilution ratio of
1:1000), IL-10 (sc-1783, dilution ratio of 1:1000, Shang-
hai Univ Biotechnology Co., Ltd., Shanghai, China),
caspase-1 (ab62698, dilution ratio of 1:1000), TNF-«a
(ab6671, dilution ratio of 1:2000), and GAPDH (ab9485,
dilution ratio of: 2500) overnight at 4 °C. On the follow-
ing day, the membrane was washed thrice with polybutyl-
ene succinate-co-terephthalate (PBST) (5 min/time) and
then incubated with the secondary antibody goat anti-
rabbit IgG (ab205718, dilution ratio of 1: 5000) diluted
by 5% skim milk powder at room temperature for 1 h on
a shaker. All aforementioned antibodies were purchased
from Abcam Inc. (Cambridge, MA, USA). After six PBST
rinses (5 min/time), the membrane was immersed with a
developing agent, and then images were developed using
the Bio-Rad gel imaging system (MG8600, Thmorgan Bio-
technology Co., Ltd., Beijing, China). The IPP7.0 soft-
ware (Media Cybernetics, Singapore) was employed for
quantitative analysis. At last, the relative protein levels of
NLRP3, IL-33, IL-1p, IL-18, IL-10, caspase-1, and TNF-a
were expressed as the ratio of the gray value of the target
protein bands to that of the GAPDH protein band.
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Immunofluorescence assay

The cell slides were treated with poly-L-lysine at room tem-
perature for 1 h, washed thrice with sterilized water (5 min/
time), and irradiated using ultraviolet light for 30 min. Then,
the cell slides were placed on a 12-well plate and rinsed
thrice with PBS. Cell transfection was conducted once the
HTRS8/Svneo cells adhered to the wall for 24 h. Following
a 72-h period of transfection, the cells were rinsed twice
with pre-cooled PBS, and fixed in 4% paraformaldehyde
for 20 min at room temperature, followed by another three
pre-cooled PBS rinses (5 min/time). After rinsing, the cells
were blocked with 3% BSA/PBST at room temperature for
1 h, and incubated with 3% BSA/PBST diluted primary anti-
body overnight at 4 °C. On the following day, the cells were
rinsed three times with pre-cooled PBS, and incubated with
3% BSA/PBST diluted secondary antibody for 1 h avoiding
exposure to light. After being rinsed thrice with pre-cooled
PBS, the cells were incubated with 0.1 pg/mL 4',6-diamid-
ino-2-phenylindole dihydrochloride for 1 min. Finally, the
cells were rinsed three times with pre-cooled PBS, mounted
and photographed under a microscope.

Scratch test

The cells were seeded in a six-well plate at a density of
5x 10° cells/well. Cell transfection was carried out after the
cells adhered to the wall. A straight line was scratched on
the cell surface using a 200-pL sterile pipette gun and rinsed
three times with PBS. Then, the cells were photographed
under an inverted microscope at 100 X high magnification
power (Olympus CX23, Olympus, Tokyo, Japan). After
incubation for 48 h, the six-well plate was taken out for
photography and scratch rate measurement.

Transwell assay

Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was
diluted with pre-cooled serum-free Dulbecco’s modified
Eagle medium (DMEM) at a ratio of 1:10. The apical cham-
ber was washed with 200 pL of serum-free 1640 medium,
and then added with 100 pL of diluted Matrigel, which was
then placed at room temperature for 2 h. Following a 24-h
period of transfection, the cells were detached, resuspended
in serum-free DMEM medium, counted and diluted to a
cell density of 3 x 10° cells/uL. Next, 100 pL of cells were
added to the apical chamber of transwell chamber (Corning
Glass Works, Corning, NY, USA), and 600 pL. of DMEM
medium containing 10% serum was added to the basolat-
eral chamber. According to the instructions of the transwell
assay kit, the cells were stained with crystal violet and three
view fields were randomly selected to count the number of
invasive cells.

Statistical analysis

SPSS 21.0 statistical software (IBM Corp. Armonk, NY,
USA) was employed to analyze the data, which were pro-
cessed with normal distribution and homogeneity of vari-
ance. Data in accordance with normal distribution were
expressed as mean + standard deviation; those inconsistent
with normal distribution or homogeneity of variance were
presented by interquartile range. Comparisons between two
groups were analyzed using the 7 test, and data with skewed
distribution were analyzed by nonparametric Wilcoxon
signed rank test. Comparisons among multiple groups were
assessed by one-way analysis of variance (ANOVA). A value
of p <0.05 was considered to be statistically significant.

Results

Imbalanced levels of inflammatory cytokines
and upregulated levels of NLRP3 are observed in PE
placenta tissues

Initially, we performed ELISA to determine the levels of
IL-18, IL-33, IL-1f, IL-10, and TNF-a in normal and PE
placenta tissues. As shown in Fig. 1a, significantly upregu-
lated levels of IL-18, IL-1p, and TNF-a, while downregu-
lated IL-10 and IL-33 were noted in the PE placenta tissues
when compared with the normal placenta tissues (p < 0.05).
These findings illustrated that the levels of inflammatory
cytokines were aberrantly expressed in PE placenta tissues.

Similarly, increased levels of NLRP3 in PE placenta
tissues were previously demonstrated and suggested to be
involved in severe inflammation in PE [8]. Thus, RT-qPCR
and immunohistochemistry were performed to further verify
the expression patterns of NLRP3. The positive protein lev-
els of NLRP3 were primarily expressed in the cytoplasm and
observed as light yellow, yellowish-brown, or tan coloration.
Compared with the normal placenta tissues, the PE placenta
tissues exhibited markedly elevated positive protein levels of
NLRP3 (p <0.05) (Fig. 1b, c). These results suggested that
NLRP3 is upregulated in the pathogenesis of PE.

NLRP3 inhibits the inflammatory cascade in HTR8/
SVneo cells after hypoxia and enhances cell
migration and invasion

Aiming to investigate whether NLRP3 could initiate the
inflammatory cascade in PE, first, we detected the expres-
sion of NLRP3 in control HTR8/SVneo cells without any
treatment and HTR8/SVneo cells treated with hypoxia.
As shown in Fig. 2a, NLRP3 expression was considerably
higher in HTR8/SVneo cells treated with hypoxia than that
in control HTR8/SVneo cells without any treatment.

@ Springer
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Fig. 1 Imbalanced levels of inflammatory cytokines and upregulated
levels of NLRP3 in PE placenta tissues. a The levels of IL-18, IL-33,
IL-10, IL-1p, and TNF-« in PE and normal placenta tissues detected
by ELISA; b the expression patterns of NLRP3 in PE and normal
placenta tissues measured by RT-qPCR; c¢ the positive protein levels
of NLRP3 in PE and normal placenta tissues determined by immu-

Next, hypoxic HTR8/SVneo cells were transfected
with oe-NLRP3 or si-NLRP3. Then, the protein levels of
NLRP3 inflammasomes (NLRP3, ASC, and caspase-1)
were detected by means of western blot analysis, wherein
caspase-1 activity was also measured using an ELISA Kkit;
the levels of IL-18, IL-33, IL-1p, and TNF-« that followed
in HTR8/SVneo cells after hypoxia were determined by
western blot analysis, wherein IL-1f levels were also evalu-
ated by immunofluorescence assay (Fig. 2e, f). Addition-
ally, the cell migration and invasion abilities were assessed
using scratch tests and transwell assay. The results revealed
that HTR8/SVneo cells after hypoxia transfected with si-
NLRP3 exhibited decreased levels of NLRP3, ASC, and
caspase-1 (Fig. 2b, c), significantly suppressed caspase-1
activity (Fig. 2d), in addition to evidently downregulated
protein levels of IL-18, IL-1p, and TNF-a, upregulated pro-
tein levels of IL-10 and IL-33 (Fig. 2g, h), and enhanced
cell invasion and migration abilities (Fig. 2i-1) (all p <0.05).
However, entirely opposite tendencies were noted in the cells
transfected with oe-NLRP3 (all p <0.05). Altogether, these
findings demonstrated that silencing of NLRP3 could inhibit
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nohistochemistry (x400); *p<0.05 vs. the control group; the data
were analyzed by independent sample ¢ test; N=30. PE preeclampsia,
NLRP3 nod-like receptor pyrin domain-containing 3, IL interleukin,
TNF-a tumor necrosis factor o, RT-gPCR reverse transcription quanti-
tative polymerase chain reaction, ELISA enzyme-linked immunosorb-
ent assay

activation of the NLRP3 inflammasome, while suppress-
ing the inflammatory cascade in HTR8/SVneo cells after
hypoxia and enhancing cell migration and invasion.

NLRP3 is a target gene of miR-520c¢-3p

To explore the upstream regulators of NLRP3, we predicted
the miRNA with the potential to regulate NLRP3 using the
TargetScan (http://www.targetscan.org/vert_71/) database
and DIANA TOOLS (http://diana.imis.athena-innovation
.gr/DianaTools/index.php 7r=site/page& view=software) and
the PE-related dataset GSE96983. The results revealed the
presence of a specific binding site between the NLRP3 gene
sequence and miR-520c-3p (Fig. 3a—c). Hypoxia was sug-
gested to be a risk factor for PE due to its ability to inhibit
the differentiation of trophoblastic cells [17]. Furthermore,
an enriched expression of miR-520c-3p has been previously
found in trophoblastic cells, following its downregulation
after hypoxia treatment [13]. Therefore, we speculated that
miR-520c-3p targeting NLRP3 might be involved in the ini-
tiation of PE. Subsequently, a dual-luciferase reporter gene
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assay was adopted to further verify the targeting relation-
ship between miR-520c-3p and NLRP3. The results dem-
onstrated that cells transfected with miR-520c-3p mimic
showed decreased luciferase activity of NLRP3-3'UTR-WT
compared to HEK-293T cells transfected with mimic-NC
(p <0.05), while those of NLRP3-3'UTR-MUT displayed no
significant changes (p >0.05) (Fig. 3d). Furthermore, miR-
520c-3p expression in PE and normal placenta tissues was
evaluated by RT-qPCR, the results of which showed that
PE placenta tissues exhibited significantly decreased expres-
sion of miR-520c-3p compared to normal placenta tissues
(»<0.05) (Fig. 3e). All these results demonstrated that miR-
520c-3p could specifically bind to the NLRP3-3'UTR, and
was expressed at a low level in PE placenta tissues.

miR-520¢-3p inhibits NLRP3 inflammasome
activation and inflammatory cascade in HTR8/SVneo
cells after hypoxia by downregulating NLRP3

To investigate whether miR-520c-3p targeting NLRP3
affected inflammatory cascade in PE, we detected the
expression of miR-520c-3p in control HTR8/SVneo cells
without any treatment and HTR8/SVneo cells treated with
hypoxia, as well as the protein expression of downstream
inflammatory factors (IL-1p, TNF-a and IL-18) by means
of western blot analysis. The results showed that the expres-
sion of miR-520c-3p in hypoxic HTR8/SVneo cells was sig-
nificantly lower than that in the control HTR8/SVneo cells
(Fig. 4a). Meanwhile, western blot analysis results revealed
that the protein expression of IL-1p, TNF-a and IL-18 in
hypoxic HTR8/SVneo cells was significantly elevated, while
that of IL-33 and IL-10 was evidently reduced in hypoxic
HTRS8/SVneo cells (Fig. 4b, c).

Subsequently, hypoxic HTR8/SVneo cells were
transfected with miR-520c-3p mimic and miR-520c-3p
mimic + oe-NLRP3, followed by evaluation of the levels
of NLRP3 inflammasomes and inflammatory cytokines.
Compared with the mimic NC 4+ oe-NC group, the hypoxic
HTRS8/SVneo cells following transfection with miR-520c-3p
mimic and oe-NC were noted to exhibit decreased protein
levels of NLRP3, ASC, and caspase-1 (Fig. 4a, b) and a
declined caspase-1 activity (Fig. 4c), in addition to down-
regulated levels of IL-1p, TNF-a and IL-18, while those
of IL-10 and IL-33, were upregulated (Fig. 4d) (p <0.05).
However, opposite trends were noted in hypoxic HTR8/
SVneo cells transfected with miR-520c-3p mimic + oe-
NLRP3 when compared to those transfected with miR-
520c-3p mimic + oe-NC (all p <0.05). Together, these
results evidenced that overexpression of miR-520c-3p was
capable of inhibiting NLRP3 inflammasome activation and
suppressing inflammatory cascade in HTR8/SVneo cells
after hypoxia through downregulation of NLRP3.

Discussion

A maternal systemic inflammatory response is a commonly
occurring phenomenon in normal pregnancy but is known
to be enhanced in the presence of PE [18]. Inflammatory
changes in early-staged pregnancy have been previously
hypothesized to be contributors of coagulation system
activation and cell death induction, leading to impaired
placental invasion in women with PE [19]. In addition,
the activation of NLRP3 inflammasome in trophoblasts
has been suggested to elevate IL-1p levels in the placenta
and lead to PE pathogenesis [20]. A former study further
implied that miR-223 could suppress the expression of
NLRP3 via a conserved binding site within the NLRP3-
3'-UTR, thus translating to reduced activity of the NLRP3
inflammasome [21]. In the current study, we explored the
underlying role of miR-520c-3p in the inflammation cas-
cade of PE. Collectively, the experimental data revealed
that overexpression of miR-520c-3p impedes the activation
of the NLRP3 inflammasome and inflammation cascade in
PE via downregulation of NLRP3.

First, we uncovered that PE placenta tissues exhibited
upregulated levels of IL-18, IL-1f, and TNF-a and down-
regulated levels of IL-10 and IL-33. The release of IL-33
is habitually noted once the epithelium and endothelium
receive inflammatory signals or undergo necrosis [22].
Similarly, a previously study also demonstrated reduced
levels of IL-33 in PE placenta tissues, and further revealed
that trophoblast cells introduced with IL-33 shRNA pre-
sented with significantly attenuated capacities of prolif-
eration, migration, and invasion [23]. PE is linked to an
integral pro-inflammatory systemic environment, which is
demonstrated by circulating factors derived from placentas
to promote pro-inflammatory cell production of cytokines
such as IL-1f, IL-10, IL-18, and TNF-« [24]. Insufficient
trophoblast invasion and failed placental spiral artery
remolding in PE result in poor placentation, stimulated
IL-P production and, in turn, over-production of inflamma-
tory cytokines (TNF-a) [25]. In addition, IL-18 has been
proposed to play vital roles in pregnancy, labor onset and
pregnant complications, and elevated levels of IL-18 in
serum and placenta have been previously evidenced in PE
[26]. Moreover, an inflammatory environment induced by
hypoxia accompanied by IL-10 deficiency was previously
suggested to influence trophoblast functions and disturb
maternal-fetal interface apoptosis-associated pathways
[27]. Additionally, a previous study verified the existence
of unbalanced inflammatory cytokine production of pro-
inflammatory cytokines (TNF-a) and anti-inflammatory
cytokines (IL-10) in the placental-decidual interface [6].
These findings and results point towards the involvement
of imbalanced inflammatory cytokine production in PE.
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«Fig.2 Suppression of NLRP3 inflammasomes and inflammatory
cascade activation in HTR8/SVneo cells after hypoxia by silencing
NLRP3. a mRNA expression patterns of NLRP3 in HTR8/SVneo
cells in the control and hypoxia groups determined by RT-qPCR; b,
¢ western blot analysis of NLRP3 inflammasomes (NLRP3, ASC,
and caspase-1) protein levels in hypoxic HTR8/SVneo cells following
transfection of si-NLRP3 and oe-NLRP3; d the activity of caspase-1
in hypoxic HTR8/SVneo cells following transfection of si-NLRP3
and oe-NLRP3 detected by caspase-1 ELISA kit; e, f immunofluo-
rescence analysis of IL-1f protein levels in hypoxic HTR8/SVneo
cells following transfection of si-NLRP3 and oe-NLRP3 (x200); g, h
western blot analysis of IL-18, IL-33, IL-10, IL-1f, and TNF-a pro-
tein levels in hypoxic HTR8/SVneo cells following transfection of si-
NLRP3 and oe-NLRP3; i, g cell migration of hypoxic HTR8/SVneo
cells following transfection of si-NLRP3 and oe-NLRP3 assessed by
scratch test (X 100); k, 1 cell invasion of hypoxic HTR8/SVneo cells
following transfection of si-NLRP3 and oe-NLRP3 determined by
transwell assay (x200); *p<0.05 vs. the si-NC group or the con-
trol group; *p<0.05 vs. the 0oe-NC group; the data were analyzed
by the independent sample ¢ test; the experiments were indepen-
dently repeated three times. NLRP3 nod-like receptor pyrin domain-
containing 3, ASC apoptosis-associated speck-like protein contain-
ing a CARD, IL interleukin, TNF-a tumor necrosis factor o, ELISA
enzyme-linked immunosorbent assay, NC negative control, GAPDH
glyceraldehyde-3-phosphate dehydrogenase

NLRP3 was demonstrated in this study to be expressed
at a high level in PE placenta tissues. We further discovered
that cells after transfection with si-NLRP3 presented with
significantly reduced levels of IL-1f, IL-18, and TNF-a and
NLRP3 inflammasomes (NLRP3, ASC and caspase-1), in
addition to enhanced migration and invasion abilities and
increased IL-10 and IL-33 levels by investigating the effects
of NLRP3 silencing on the HTR8/Svneo cells after hypoxia.
In line with our findings, a previous study also verified that
expression of NLRP3 inflammasomes is upregulated in PE
placentas, revealing a bridge that links aggravated inflam-
matory state and activated NLRP3 inflammasomes [8]. In
addition, as a major component of the NLRP3 inflammas-
omes, silencing of NLRP3 has been suggested to lead to
enhanced NLRP3 inflammasome activity [9]. Similarly,
a previous study proposed that knockdown of NLRP3
represses the production of pro-inflammatory and pro-labor
mediators induced by inflammation in human myometrium
[28]. As a type of multiprotein complexes, NLRP3 inflam-
masomes can further activate caspase-1 to drive the process-
ing and secretion of the pro-inflammatory cytokines IL-1
and IL-18 [29]. NLRP3 inflammasomes comprise ASC and
pro-caspase-1, wherein ASC recruitment partially resulting
from NLRP3 inflammasome activation can in turn induce
the caspase-1 autocatalytic activation, and then produce
p10 and p20 caspase-1 trigger bioactive and secreted forms
of inactive pro-IL-1p and pro-IL-18 as a result of the for-
mation of active caspase-1 hetero-tetramers [30]. Further-
more, the activation of NLRP3 inflammasome is known to
be involved in the inflammatory response and cell death in
hypoxia-induced p-cells through the ROS-TXNIP-NLRP3

axis in vitro, ultimately potentiating the release of down-
stream inflammatory factors, such as IL-1f and IL-6 [31].
Based on the above analysis, we reached a conclusion that
NLRP3 silencing could inhibit the activation of NLRP3
inflammasomes to alleviate the inflammatory cascade in PE.

Additionally, we discovered that miR-520c-3p was
downregulated in PE placenta tissues, suggesting that
miR-520c-3p functions as a negative regulator of NLRP3.
Moreover, HTR8/Svneo cells after hypoxia with delivery
of miR-520c-3p mimic exhibited reduced levels of IL-1§,
IL-18, and TNF-a and NLRP3 inflammasomes, and ele-
vated levels of IL-10 and IL-33 as well as promoted cell
migration and invasion abilities. In line with our findings,
a previous study illustrated that expression of miRNAs is
downregulated in PE placenta tissues, especially that of
miR-454, which is implicated in the facilitation of troph-
oblast cell abilities of proliferation and invasion while
attenuating apoptosis by inhibiting the expression of the
ephrin receptor B4 [32]. Furthermore, reduced expression
of miR-146a and miR-155 has been observed in syncytio-
trophoblast of the intermediate villi and syncytial knots in
late-onset PE relative to full-term physiological pregnancy
[33]. Hypoxia is known to contribute to limited tropho-
blast differentiation [17], and was also previously demon-
strated to decrease the expression of miR-520c-3p which
is enriched in trophoblasts [13]. Extravillous trophoblast
exosomal miR-520c-3p targeted CD44 is indicated to mod-
ulate extravillous trophoblast invasion [34]. Moreover, a
previous study reported that miR-9 is capable of inhibit-
ing the activation of NLRP3 inflammasome to attenuate
inflammation in atherosclerosis possibly via the Janus
kinase 1/signal transducers and activators of the transcrip-
tion 1 pathway [35]. The above-mentioned results sug-
gest that overexpression of miR-520c-3p can inhibit the
activation of NLRP3 inflammasomes by downregulating
NLRP3, leading to the suppression of the inflammatory
cascade in HTR8/SVneo cells after hypoxia.

Conclusions

In conclusion, findings of the current study suggest that miR-
520c-3p may serve as a potential therapeutic target for PE
treatment in the future as miR-520c-3p disrupts the activa-
tion of the NLRP3 inflammasome activation and inflamma-
tion cascade while promoting cell invasion and proliferation
through downregulation of NLRP3. Therefore, future studies
with larger sample sizes involving human populations are
warranted to efficiently utilize miR-targeted therapy for PE.
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Fig.4 miR-520c-3p inactivates NLRP3 inflammasomes through
downregulation of NLRP3, thereby inhibiting inflammatory cascade
in HTR8/SVneo cells after hypoxia. a Expression patterns of miR-
520c-3p in HTR8/SVneo cells in the control and hypoxia groups
determined by RT-qPCR; b, ¢ western blot analysis of IL-1f, TNF-a
and IL-18 protein levels in HTR8/SVneo cells following transfection
of miR-520c-3p mimic and miR-520c-3p mimic +o0e-NLRP3; d, e
western blot analysis of NLRP3 inflammasomes (NLRP3, ASC, and
caspase-1) protein levels in HTR8/SVneo cells following transfec-
tion of miR-520c-3p mimic and miR-520c-3p mimic + oe-NLRP3;
f the activity of caspase-1 in cells following transfection of miR-
520c-3p mimic and miR-520c-3p mimic+oe-NLRP3 detected by
caspase-1 ELISA kit; g, h Immunofluorescence analysis of IL-1 in
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