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PAD4 silencing inhibits inflammation whilst
promoting trophoblast cell invasion and migration
by inactivating the NEMO/NF-kB pathway
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Abstract. Preeclampsia (PE), presenting with onset hyperten-
sion and proteinuria, is a pregnancy-specific disorder that
can result in maternal and fetal morbidity and mortality.
Insufficient trophoblast invasion and migration has been
considered to be an important cause of this disease. The
present study aimed to investigate the role of peptidyl
arginine deiminase 4 (PAD4), whose knockdown has been
previously indicated to reduce inflammation and suscepti-
bility to pregnancy loss in mice, in the development of PE
in vitro. Lipopolysaccharide (LPS) was used to treat a human
trophoblast cell line (HTR8/SVneo). After PAD4 silencing
via transfection with short hairpin RNA against PAD4, the
concentrations of inflammatory factors IL-6, IL-12 and
monocyte chemoattractant protein (MCP)-1 were measured
using ELISA. Cell viability was also measured using Cell
Counting Kit-8 assay. HTR8/SVneo cell invasion and migra-
tion were detected using Transwell and wound healing assays,
respectively. Western blotting was used to measure the expres-
sion of citrullinated NF-kB essential modulator (NEMO) and
nuclear NF-kB p65 protein levels. TNF-a was applied for
evaluating the potential regulatory effects of PAD4 on NF-kB
in LPS-stimulated HTR8/SVneo cells. LPS increased the
levels of IL-6, IL-12 and MCP-1 and reduced the migration
and invasion of HTR8/SVneo cells. PAD4-knockdown was
found to markedly reduce the levels of IL-6,IL-12 and MCP-1
secretion. HTR8/SVneo cell invasion and migration was also
significantly elevated after PAD4 silencing following LPS
exposure. In addition, LPS stimulation notably upregulated
the protein levels of citrullinated NEMO and nuclear NF-xB
p65, which was restored by PAD4 knockdown. Furthermore,
TNF-a treatment partially counteracted the effects of PAD4
knockdown on the secretion of IL-6, MCP-1 and IL-12, which
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arginine deiminase 4,

are markers of inflammation, and invasion and migration in
LPS-induced HTR8/SVneo cells. To conclude, these results
suggest that PAD4 silencing can suppress inflammation
whilst promoting invasion and migration by trophoblast cells
through inhibiting the NEMO/NF-kB pathway. These find-
ings furthered the understanding in the complex molecular
mechanism that can trigger PE and provide a promising target
for the treatment of this disease.

Introduction

Preeclampsia (PE) is a pregnancy-specific condition that
affects ~10% pregnancies worldwide and is one of the leading
causes of maternal and neonatal morbidity and mortality (1,2).
Trophoblast cells form the external tissues of embryos
and serve an important role in embryo development (3,4).
Insufficient invasion of cytotrophoblasts (CTBs) into the
uterine artery has been suggested to be an important factor in
PE pathogenesis (3,4). Despite improvements in perinatal care,
PE remains to be a serious clinical problem. Therefore, it is of
clinical and scientific significance to identify novel therapeutic
targets associated with this disease.

Peptidyl arginine deiminase 4 (PAD4) is an enzyme that
mediates the citrullination (post-translational deamination)
of arginine residues to citrullines, which reverses chromatin
condensation (5,6). A previous study has proposed that PAD4
knockdown can reduce inflammation and susceptibility to
pregnancy loss in mice (7). In addition, it has been reported that
PAD4 could promote the nuclear translocation of NF-xB and
activate NF-«xB signaling through NF-xB essential modulator
(NEMO) citrullination, which contributed to inflammation
and transformed the expression of several genes involved in the
pathogenesis of PE (8-10). The NEMO gene, which induces the
activation of NF-«B, is located on the sex chromosome Xq28
and has been reported to be notably decreased in pregnancies
complicated by PE (11). Upregulated NEMO expression in
the maternal and fetal blood has been reported to be closely
associated with the development of PE (12). Furthermore,
total NEMO (1A, 1B and 1C transcripts) in maternal blood
and placentas of the PE subgroup were previously found to
be significantly increased compared with the controls (13).
Therefore, this suggested that PAD4 knockdown can reduce
the inflammation by regulating the NEMO/NF-«B signaling
pathway, thereby inhibiting the progression of PE.
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In the present study, lipopolysaccharide (LPS) was used
to treat human trophoblast cells (HTR8/SVneo) to simulate
the PE model in vitro to evaluate the role of PAD4 in the
inflammation, invasion and migration of HTR8/SVneo
cells and investigate its potential regulatory effects on the
NEMO/NF-«B signaling pathway (14). These findings might
provide a theoretical and experimental basis for exploring a
novel target for the treatment of PE.

Materials and methods

Cell culture. The human trophoblast cell line HTR8/SVneo
was obtained from American Type Culture Collection.
HTR8/SVneo cells were previously developed by
Graham et al (15). It was generated using freshly isolated
extravillous CTB from first trimester placenta and trans-
fected with a plasmid containing the simian virus 40 large T
antigen (SV40). A previous study demonstrated that this cell
line contains two populations, one of epithelial and the other of
mesenchymal origin (16). In the present study, HTR-8/SVneo
cells were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc.) containing 10% fetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.). The incubator
was set as having 5% CO, with a humidified atmosphere at
37°C. To determine the effects of LPS on HTR-8/SVneo cells,
LPS (200 ng/ml; Sigma-Aldrich; Merck KGaA) was added to
the culture medium for 48 h at 37°C, which was according to
the previous study (17).

Cell transfection. The pLVX lentiviral plasmid containing
the short hairpin RNA (shRNA) against PAD4 (shPAD4#1 or
shPAD4#2) or a scrambled shRNA (shNC) were synthesized
by Shanghai GenePharma Co., Ltd. The transfection (50 ng
plasmid) was done using Lipofectamine 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.) at 37°C for 48 h, in accordance
with the manufacturer's protocols. Transfection efficiency
was evaluated using reverse transcription-quantitative PCR
(RT-qPCR) following 48 h of transfection. After 48 h trans-
fection, HTR8/SVneo cells were also harvested for further
experiments. The targeting sequences were as follows:
shPAD4#1, 5-GGTGACCCTGACGATGAAAGT-3
shPAD4#2, 5'-GCAGCTCTTCAAGCTCAAAGA-3'; and
shNC, 5-TTCTCCGAACGTGTCACGT-3..

Cell viability assay. For assessment of cell viability, cells were
seeded into 96-well plates and analyzed using Cell Counting
Kit-8 (CCK-8; Beijing Solarbio Science & Technology Co.,
Ltd.). Briefly, after PAD4 knockdown and treatment with LPS
(0, 100, 500, 1,000 and 1,500 ng/ml) for 12 h and TNF-a for
4 h, 10 ul CCK-8 working solution was added to each well,
followed by incubation with normal cell culture medium for
2 h at 37°C. Optical density in each well was then evaluated at
the 450 nm using a microplate reader (Bio-Rad Laboratories,
Inc.).

Measurement of inflammatory factors. The contents of
inflammatory cytokines IL-6 (cat. no. F01440), IL-12
(cat. no. FO1380) and monocyte chemoattractant protein
(MCP)-1 (cat. no. F01700) in the culture media were measured
using ELISA according to the manufacturer's protocol

(Shanghai Xitang Biotechnology Co.,Ltd.). The optical density
values were then read on a plate reader (BioTek Instruments,
Inc.).

Transwell assay. Transwell assay was performed using
24-well culture plates with 8-mm pore-size Falcon Transwell
inserts (BD Biosciences). HTR8/SVneo cells (1x10° cell/well)
were suspended in 200 ul serum-free RPMI 1640 and seeded
into the upper chamber of the Matrigel-coated Transwell
insert for 8 h at 37°C. RPMI 1640 medium containing 10%
FBS was placed into the lower chamber. After 24 h of incu-
bation at 37°C, cells were fixed with 4% paraformaldehyde
(Sigma-Aldrich; Merck KGaA) for 30 min at room tempera-
ture and then stained with 0.1% crystal violet (Sigma-Aldrich;
Merck KGaA) for 20 min at room temperature. The stained
cells were photographed under an inverted light microscope
(magnification, x100; Olympus Corporation). Image J software
v1.8.0 (National Institutes of Health) was used to calculate the
numbers of cells invaded in =5 random images.

Wound healing assay. For wound healing assay,
HTRS8/SVneo cells were seeded into six-well plates at a
density of 5x10° cells/well and cultured to 90% confluence. A
200-pul sterile pipette gun was used to create a wound on the
cell surface. The cells were then cultured in serum-free RPMI
1640 medium and cell migration was measured at O and 48 h
and 37°C by detecting the average distance of cells migrating
into the wound as observed using inverted light microscopy
(magnification, x100; Olympus Corporation). Relative cell
migration rate=(scratch width at 0 h-scratch width after
culture)/scratch width at O h.

RT-gPCR analysis. Total RNA was extracted from
HTRS8/SVneo cells using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) in accordance with the
manufacturer's protocol. Complementary DNA (cDNA) was
synthesized using the PrimeScript™ RT Reagent Kit (Takara
Bio, Inc.). The temperature protocol was as follows: 16°C for
30 min, 42°C for 30 min and 85°C for 5 min, followed by
storage at 4°C. qPCR was then performed using 2 ug cDNA as
the template and Power SYBR® Green Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.) on the ABI 7500
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.) with the following thermocycling conditions: 30 sec at
95°C for 1 cycle; 3 sec at 95°C, 30 sec at 60°C and 30 sec
at 72°C for 40 cycles; and 5 min at 72°C for 1 cycle. The
following primer sequences were used in the present study:
PAD4 forward, 5'-CCCAAACAGGGGGTATCAGT-3' and
reverse, 5'-CCACGGACAGCCAGTCAGAA-3' and GAPDH
forward, 5"TGTGGGCATCAATGGATTTGG-3' and reverse,
5'-ACACCATGTATTCCGGGTCAAT-3. GAPDH was used
as the internal reference gene. Relative gene expression levels
were calculated using the 224 method (18).

Western blot analysis. Total HTR-8/SVneo cell protein
extracts were obtained using RIPA lysis buffer (Beyotime
Institute of Biotechnology). Nuclear and cytosolic proteins
were extracted using the Nucleoprotein and Cytoplasmic
Protein Extraction Kit obtained from Nanjing KeyGen
Biotech Co., Ltd. Concentrations of proteins were quantified
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Figure 1. PAD4 knockdown alleviates the inflammatory response in LPS-treated HTR8/SVneo cells. (A) PAD4 expression was measured by RT-qPCR
after transfection with shNC, shPAD4#1 or shPAD4#2 in HTR8/SVneo cells. The expression of (B) PAD4 mRNA and (C) protein in LPS-stimulated
HTR8/SVneo cells transfected with PAD4 shPAD4 was measured with RT-qPCR and western blot analysis, respectively. The concentrations of inflammatory
factors including (D) IL-6, (E) MCP-1 and (F) IL-12 were examined using ELISA kits. "P<0.05, “P<0.01 and ““P<0.001. PAD4, peptidyl arginine deiminase 4;
LPS, lipopolysaccharide; RT-qPCR, reverse transcription-quantitative PCR; sh, short hairpin; NC, negative control; MCP-1, monocyte chemoattractant

protein-1.

using a BCA kit (Beyotime Institute of Biotechnology). Equal
amounts of each protein sample (40 pg) were added per lane
and separated by electrophoresis in 10% SDS-PAGE and
transferred onto PVDF membranes. Possible non-specific
binding was blocked by 5% skimmed milk for 1 h at room
temperature and then incubated overnight at 4°C with specific
primary antibodies: Anti-PAD4 (cat. no. ab214810; 1:1,000;
Abcam), anti-NEMO (cat. no. 2685S; 1:1,000; Cell Signaling
Technology, Inc.), anti-NF-«kB p65 (cat. no. 8242T; 1:1,000; Cell
Signaling Technology, Inc.), anti-Histone H3 (cat. no. 4499T;
1:1,000; Cell Signaling Technology, Inc.) and anti-GAPDH
(cat. no. 5174T; 1:1,000; Cell Signaling Technology, Inc.).
The next day, goat anti-rabbit HRP-conjugated secondary
antibodies (cat. no. 31460; 1:10,000; Thermo Fisher Scientific,
Inc.) were added to the membranes and incubated for 1 h at
room temperature. Protein bands were scanned and visualized
using an enhanced chemiluminescence detection system (Life
Technologies; Thermo Fisher Scientific, Inc.). The relative
intensity of each band was quantified using Image J software
v1.8.0 (National Institutes of Health). The protein expression
was normalized to either GAPDH or Histone H3 levels.

Immunoprecipitation. HTR-8/SVneo cells were lysed using
lysis buffer for immunoprecipitation (cat. no. 26146; Pierce;
Thermo Fisher Scientific, Inc.). Citrulline was immunopre-
cipitated from 50 pg samples using an anti-citrulline antibody
(cat. no. ab240908; Abcam) and incubated for 1 h at 4°C. This

antibody-citrulline protein immunocomplex was captured
from the solution using 50 ug Protein A/G Plus agarose beads
(Santa Cruz Biotechnology, Inc.) and incubated overnight at
4°C. Samples were then centrifuged at 1,000 x g for 1 min at4°C
and the pellet was washed with PBS for three times followed
by boiling in Laemmli buffer (Cell Signaling Technology,
Inc.) for 5 min at 100°C. Total lysates and immunoprecipitated
samples were then subjected to western blotting analysis.

Statistical analysis. GraphPad Prism software (version 8.0;
GraphPad Software, Inc.) was applied for data analysis. Data
were expressed as the mean + standard deviation from three
independent experiments. Comparison between two indepen-
dent groups was conducted using unpaired Student's t test.
Comparisons among multiple groups were analyzed using
one-way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

PADA4 silencing attenuates the inflammatory response by
LPS-induced HTRS/SVneo cells. The expression of PAD4 was
measured after transfection with shPAD4#1 or shPAD4#2.
Significantly decreased PAD4 expression was observed in
HTRS8/SVneo cells transfected with shPAD4#1 or shPAD4#2
compared with that in the shNC group (Fig. 1A). shPAD4#2
was selected for subsequently experiments due to the lower
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Figure 2. PAD4 knockdown promotes the invasion and migration of HTR8/SVneo cells following exposure to LPS. (A) Cell viability was evaluated using Cell
Counting Kit-8 assay. ““P<0.001 vs. Control and “*P<0.001 vs. LPS + shNC. (B) Cell invasion was measured by using Transwell assay. (C) Cell migration

ok

was assessed using wound healing assay.
NC, negative control.

PAD4 expression levels induced. To evaluate the role of PAD4
following LPS-induced inflammation in HTR8/SVneo cells,
PAD4 expression was silenced by transfection with shPAD4#2.
As shown in Fig. 1B and C, LPS stimulation led to a significant
increase in PAD4 mRNA and protein expression compared
with that in the control group, which was significantly
reversed by PAD4 knockdown. Subsequently, the levels of
inflammatory factors were measured using ELISA. The levels
of IL-6, MCP-1 and IL-12 were significantly elevated after
HTRS8/SVneo cells exposed to LPS (Fig. 1D-F). By contrast,
PAD4 knockdown partially reversed the promoting effects of
LPS on the secretion of IL-6, MCP-1 and IL-12 (Fig. 1D-F).
These findings suggest that PAD4 knockdown can attenuate
the inflammatory response in LPS-induced HTR8/SVneocells.

PAD4 silencing promotes the invasion and migration of
HTR8/SVneo cells following exposure to LPS. Cell viability
was measured using CCK-8 assay. A significantly deceased
HTRS8/SVneo cell viability was observed in the LPS-induced
group compared with that in the control group, which was
significantly reversed after transfection with shPAD4#2
(Fig. 2A). LPS stimulation also significantly inhibited the
invasive ability of HTR8/SVneo cells compared with that in
the control group (Fig. 2B). By contrast, PAD4 knockdown
significantly increased cell invasion compared with that in the
LPS + shNC group (Fig. 2B). In addition, LPS significantly
suppressed the migration of HTR8/SVneo cells, though PAD4
silencing partially but significantly reversed this inhibitory

P<0.001. PAD4, peptidyl arginine deiminase 4; LPS, lipopolysaccharide; OD, optical density; sh, short hairpin;

effect on the migration of HTR8/SVneo cells after LPS
challenge (Fig. 2C). These results suggest that silencing of
PAD4 expression can promote the invasion and migration of
HTR8/SVneo cells after treatment with LPS.

Knocking down PAD4 expression inhibits NEMO
citrullination and reduces NF-xB nuclear translocation
in LPS-treated HTR8/SVneo cells. To explore the potential
mechanism of PAD4 in the progression of PE, the expres-
sion of proteins in the NEMO/NF-«B signaling pathway was
measured by western blot analysis. Compared with that in the
control group, LPS treatment significantly upregulated the
expression of citrullinated NEMO whilst significantly down-
regulating total NEMO expression, which was significantly
reversed by PAD4 silencing (Fig. 3A). In addition, significantly
increased nuclear NF-kB p65 protein levels and significantly
decreased cytoplasmic NF-«kB p65 protein levels were noted in
the LPS group compared with those in the control group, which
was also significantly reversed by PAD4 knockdown (Fig. 3B).
These observations suggest that knocking down PAD4 expres-
sion can suppress NEMO citrullination and decrease nuclear
NF-«B translocation in LPS-induced HTR8/SVneo cells.

TNF-areverses the effects of PAD4 silencing on inflammation,
invasion and migration in LPS-induced HTR8/SVneo cells.
TNF-a was subsequently used to treat HTR8/SVneo cells
to activate NF-kB signaling to evaluate the effects of PAD4
silencing on inflammation, invasion and migration was
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Figure 3. PAD4 knockdown inhibits NEMO citrullination whilst reducing nuclear NF-kB translocation in LPS-stimulated HTR8/SVneo cells. (A) The expres-
sion of citrullinated NEMO (immunoprecipitated sample) and total NEMO (cell lysate) was measured using western blot analysis. (B) The expression of
nuclear NF-xB p65 and cytoplasmic NF-kB p65 was evaluated using western blot analysis. "P<0.05, “P<0.01 and “"P<0.001. PAD4, peptidyl arginine deimi-
nase 4; LPS, lipopolysaccharide; NEMO, NF-kB essential modulator; sh, short hairpin; NC, negative control.

mediated by NEMO/NF-kB signaling. TNF-a intervention
significantly elevated the level of nuclear NF-kB p65 expres-
sion and reduced that of cytoplasmic NF-kB p65 expression
compared with that in the untreated LPS + shPAD4 group
(Fig. 4A). In addition, it was found that the secretion levels
of IL-6, MCP-1 and IL-12 were markedly enhanced after the
HTR8/SVneo cells were treated with TNF-a compared with
those in the untreated LPS + shPAD4 group (Fig. 4B-D).
Downstream, TNF-a treatment led to significantly
increased cell viability compared with that in the untreated
LPS + shPAD4 group (Fig. 5A). In addition, the abilities of
HTR8/SVneo cell invasion and migration were significantly

reduced after treatment with TNF-a, LPS exposure and PAD4
silencing compared with that in the untreated LPS + shPAD4
group (Fig. 5B and C). Collectively, these data suggest that
PADA4 silencing inhibits inflammation and promotes the inva-
sion and migration of trophoblast cells by inactivation of the
NEMO/NF-«B signaling pathway.

Discussion
PE is a pregnancy-specific syndrome that originates from

the placenta with a number of systems involved, including
the liver, kidney and cardiovascular systems (19,20). It is
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Figure 4. TNF-a reverses the inhibitory effects of PAD4 knockdown on the inflammation of LPS-induced HTR8/SVneo cells. (A) Western blot analysis was
performed to measure the expression of nuclear NF-xB p65 and cytoplasmic NF-kB p65 protein after TNF-a treatment. The concentrations of (B) IL-6,
(C) MCP-1 and (D) IL-12 were measured using ELISA. "P<0.05, “P<0.01 and ““P<0.001. PAD4, peptidyl arginine deiminase 4; LPS, lipopolysaccharide;
sh, short hairpin; NC, negative control; MCP-1, monocyte chemoattractant protein-1.

A B LPS+shNC LPS+shPAD4
= S S RNTLY

-e- LPS+shNC
-#- LPS+shPAD4
2.5 —& LPS+shPAD4+TNF-o

150
£ 2 Kk ok
§ ] —_
el
¥ 2 100
® g
§ £ I
5 k)
g g
[=] Qo
o €
3
z
0 QO < 3
4 [_3( L
Time (h) ﬁ [ g
%) ? +
g ) 3
-l
5 g
=
3
+
2]
[\
-
C LPS+shNC
¥ 100 ek o
L I
s 80
c
S
® 60
k=3 -
£ 40
]
o 20
2
3 0
(5]
[+ IS < 3
2 g L
K a z
7y ] 5
pe <
E o0 <D(
5 g
=4
[
+
o
-9
)

Figure 5. TNF-a alleviates the impact of PAD4 knockdown on the invasion and migration of LPS-induced HTR8/SVneo cells. (A) Cell viability was evaluated
using Cell Counting Kit-8 assay. “P<0.01 and ““P<0.001 vs. LPS + shNC; "P<0.01 and "P<0.001 vs. LPS + shPAD4. (B) Cell invasion was measured using
Transwell assay. (C) Cell migration was assessed using wound healing assay. ““P<0.01 and "“P<0.001. PAD4, peptidyl arginine deiminase 4; LPS, lipopolysac-
charide; OD, optical density; sh, short hairpin; NC, negative control.
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potentially life-threatening for both mother and baby (21). It
is widely accepted that PE is typically caused by insufficient
trophoblastic infiltration into the endometrium during embry-
onic development, leading to severe endothelial malfunction
in the uterine placenta (22). The present study demonstrated
that PAD4 expression is increased following LPS treat-
ment in HTR8/SVneo cells in vitro. Mechanistically, PAD4
silencing could inhibit inflammation whilst promoting inva-
sion and migration of trophoblast cells by inactivating the
NEMO/NF-kB signaling pathway.

Previous studies have reported that an altered immune
system response and excessive inflammation can contribute
to the development of PE (23,24). Inflammatory responses
at the utero-placental interface were associated with defi-
cient extravillous trophoblast invasion during placentation
in transgenic preeclamptic rat models and patients with
PE (18,25). Several in vitro studies previously suggested that
exposure to inflammatory stimuli can trigger the secretion of
proinflammatory cytokines from trophoblast cells, such as
IL-6, IL-12 and MCP-1, to mediate PE (26,27). PAD4 is an
enzyme that catalyzes the citrullination process and serves
a significant role in innate immunity, infection control and
autoimmune diseases (5,28). Shelef et al (29) suggested that
PAD4 contributes to TNF-a-induced inflammatory arthritis.
In PAD4-null mice, the renal neutrophil infiltration and
inflammation after ischemia-reperfusion injury were mark-
edly alleviated compared with those in wild-type mice (30).
In addition, loss of PAD4 function has been reported to reduce
inflammation and susceptibility to pregnancy loss in a PAD4
knockout mouse model (7). In the present study, reduced
levels of inflammatory factors IL-6, MCP-1 and IL-12 as a
result of PAD4 silencing in LPS-induced HTR8/SVneo cells
provided further support for the potential role of PAD4 in PE
during pregnancy.

During the development of placenta, cytotrophoblast
proliferation, invasion and migration are orchestrated steps
critical for normal pregnancy (31,32). Efficient trophoblastic
infiltration forms the basis for the effective establishment
of uteroplacental circulation and is key to successful preg-
nancy (33). Insufficient invasion and migration of trophoblast
cells results in shallow embryo implantation, inadequate
placental invasion and abnormal spiral artery remodeling,
which are generally regarded to be major mechanisms under-
lying PE (34). To the best of our knowledge, the present study
is the first to explore the effects of PAD4 on the invasion and
migration of HTR8/SVneo cells following exposure to LPS,
where PAD4 silencing promoted the invasion and migration of
HTR8/SVneo cells.

Subsequently, the potential mechanism of PAD4 in the
development of PE was investigated in the present study.
Consistent with the previous findings (8,9), the results indi-
cate that PAD4 can promote the NF-xB nuclear translocation
and activate NF-kB activity through NEMO citrullination.
The expression of NEMO was found to be conspicuously
higher in the maternal and fetal blood of PE cases compared
with that in healthy controls (11). Importantly, the NEMO
transcription level in maternal blood of the PE subgroup was
significantly increased (12). NEMO is one of the regulatory
subunits of the IkB kinase (IxkK) complex, which controls acti-
vation of NF-«kB signaling pathway (35). It has been reported

that the NF-xB and TNF-a in the NF-xB pathway are highly
expressed in the peripheral blood mononuclear cells of
patients with PE, compared with the control group (36). In the
present study, PAD4 silencing downregulated the expression
of citrullinated NEMO and nuclear NF-kB p65 expression,
suggesting that PAD4 may regulate the NEMO/NF-«xB
pathway in LPS-induced HTR8/SVneo cells. Furthermore,
activation of NF-xB signaling by the addition of TNF-a
reversed the impact of PAD4 silencing on the inflammation,
invasion and migration of HTR8/SVneo cells. The present
study is a preliminary study of the role of PAD4 in PE by an
LPS-induced HTR8/SVneo cell model. The lack of in vivo
experiments to investigate the effects of PAD4 on an animal
PE model and the experiments for the examination of related
signaling pathways that can be regulated by PAD4 are limita-
tions of the present study. Therefore, further comprehensive
and in-depth analyses are required to validate the findings of
the present study.

Taken together, the present study suggests that PAD4 is
highly expressed in LPS-induced HTR8/SVneo cells in vitro.
Mechanistically, PAD4 silencing inhibited inflammation
but promoted the invasion and migration of trophoblasts by
inactivating the NEMO/NF-«B signaling pathway. These find-
ings lay a foundation for furthering the understanding in the
complex molecular mechanisms underlying PE and provide a
promising target for the treatment of this disease.
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