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Background: Neuroinflammation and neuronal apoptosis are considered as the critical factors
in the pathogenesis of multiple neurological diseases. Recent studies have shown that long non-
coding RNA (IncRNA) plays a crucial part in neuroinflammation and neuronal apoptosis.
Methods: The expression levels of IncRNA KCNQI1OT1, miR-30e-3p and NLRP3 in
lipopolysaccharide (LPS)-induced HMC3 cells were analyzed using RT-qPCR. MTT assay,
LDH release assay and ELISA were used to assess the effect of KCNQ1OT1 and miR-30e-3p
on neuroinflammation and neuronal apoptosis. The targeted regulatory relationships among
KCNQ1OT1, miR-30e-3p and NLRP3 were evaluated by bioinformatics analysis, dual-
luciferase reporter gene assay, RT-qPCR and Western blot.

Results: In LPS-induced HMC3 cells, the expression levels of KCNQ1OT1 and NLRP3
were increased, while the expression level of miR-30e-3p was reduced. Knockdown of
KCNQI1OT1 alleviated LPS-induced apoptosis and neuroinflammation of HMC3 cells,
accompanied by increased cell viability, low LDH release and reduced cell apoptosis rate,
and reduced levels of TNF-a, IL-1f and IL-6. Overexpression of miR-30e-3p had a similar
effect. Additionally, KCNQ1OT]! could bind with miR-30e-3p and repress its expression in
HMC3 cells, and KCNQ1OT1 overexpression counteracted miR-30e-3p’s inhibitory effect
on LPS-induced neuronal damage and inflammatory response in HMC3 cells. Furthermore,
KCNQI1OT1 could positively regulate the expression of NLRP3 via repressing miR-30e-3p.
Conclusion: Inhibition of KCNQIOT1 could reduce neuroinflammation and neuronal
apoptosis induced by LPS in HMC3 cells by regulating miR-30e-3p/NLRP3 pathway,
suggesting that KCNQI1OT1 and miR-30e-3p could serve as promising therapeutic targets
for treating neurological diseases.
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Introduction

Multiple neurological diseases such as Parkinson’s disease (PD), Alzheimer’s disease
(AD) and stroke are associated with neuroinflammation and neuronal apoptosis.'
Microglia, as an important part of the brain's immune system, exerts a vital effect on
maintaining the homeostasis of the brain's microenvironment.® Taking the pathogenesis
of PD as an example, damaged or dead dopaminergic (DA) neurons induce microglial
activation, and activated microglia produces excessive inflammatory cytokines, aggra-

vating the degeneration of DA neurons.”® Previous studies have shown that
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inflammatory cytokines, such as tumor necrosis factor o
(TNF-a), interleukin-1B (IL-1B) and interferon-y (IFN-y) in
the serum of PD patients, are at high levels.”'* Nod-like
receptor protein 3 (NLRP3) is a central component of the
inflammasome and is highly expressed in microglia, which is
crucial in regulating neuroinflammation.! Inflammasome
containing NLRP3 is activated in various neurological dis-
eases, such as AD and amyotrophic lateral sclerosis.'”
Controlling microglial activation can probably contribute to
the survival of neurons."® Therefore, NLRP3 is a potential
target for treating these neurological diseases.'* Nevertheless,
the regulatory mechanism of NLRP3 in microglia is obscure.

Long non-coding RNAs (IncRNAs), which cannot be trans-
lated into proteins, are a class of transcripts with a length of more
than 200 nucleotides.’> LncRNAs participate in regulating a lot
of biological processes. Increasing studies show that IncRNAs
have a close relation with the pathogenesis of neurological
diseases.'*'® For example, in mice with PD and MPP+ induced
SH-SYS5Y cells, IncRNA-UCA1 accelerates the pathogenesis by
up-regulating SNCA expression.'” In recent years, IncRNA
potassium voltage-gated channel subfamily ¢ member 1 over-
lapping transcript 1 (KCNQ1OT1) has been linked to multiple
human diseases, including cancers and myocardial injury.'*=°
Interestingly, it is reported that KCNQI1OT1 promotes oxygen-
glucose-deprivation/reoxygenation-induced neuron injury.*'**
However, the role of KCNQI1OT1 in neuroinflammation and
neuronal apoptosis and its molecular mechanism have not been
fully clarified.

MicroRNA (miRNA) can degrade mRNA or inhibit trans-
lation by binding to 3'UTR of mRNA.* Increasing evidence
shows that miRNA is of substantial significance in the patho-
genesis of neurological diseases.”* 2’ For example, in PD,
miR-7 mediates inflammation by regulating o-Syn and
NLRP3 inflammasome in DA neurons.”>*® Previous studies
have shown that miR-30e-3p exerts tumor-suppressive
functions.”® MiR-30e-3p also participates in myocardial injury
induced by coronary microembolization by regulating
autophagy.”’ Importantly, miR-30e-3p can suppress neuroin-
flammation in PD model by repressing NLRP3.*

In this study, we found that KCNQIOTI1 was up-
regulated and miR-30e-3p was down-regulated in lipopo-
lysaccharide (LPS)-induced HMC3 cells. Gain-of-function
and loss-of-function assays confirmed that KCNQ1OT1
could aggravate neuroinflammation and neuronal injury
via regulating miR-30e-3p/NLRP3. The present study sug-
gested that KCNQIOT1 was a promising therapy target
for neurological diseases.

Materials and Methods

Cell Culture

HMC3 microglia were obtained from the Cell Bank of
Chinese Academy of Medical Science (Shanghai, China).
HMC3 cells were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Gibco, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA, USA), cultured at 37°C, in 5% CO, in
a humidified incubator. HMC3 cells were treated with
different concentrations of LPS (0, 0.1, 0.2, 0.5 and 1
pg/mL) for 24 h, or treated with 1 pg/mL LPS for different
times (0, 1, 6, 12 and 24 h). In subsequent experiments,
HMC3 cells were treated with 1 pg/mL LPS for 24 h.

Cell Transfection

KCNQIOT!1 overexpression plasmid (pc-KCNQI1OT1),
KCNQI1OT1 siRNA (si-KCNQ1OT1), NLRP3 overex-
pression plasmid (pc-NLRP3), miR-30e-3p mimics, and
corresponding negative controls (pc-NC, si-NC, and NC
mimics) were all obtained from GenePharma (Shanghai,
China). According to the manufacturer’s instructions, they
were transfected into HMC3 cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). The total RNA
of the cell was extracted at 48 h after the transfection to
measure the transfection efficiency, by real-time quantita-
tive polymerase chain reaction (RT-qPCR).

RT-qPCR

HMC3 cells were collected and the total RNA of the cells
was extracted using TRIzol reagent (Invitrogen, Shanghai,
China) according to the manufacturer’s instructions. RNA
was reverse transcribed into cDNA using PrimeScript™
RT Reagent Kit (Takara, Shanghai, China).
SYBR®Premix-Ex-Taq (Takara, Shanghai, China) and
ABI7300 systems were employed to conduct RT-qPCR.
GAPDH was the internal reference for the expression
levels of IncRNA KCNQI1OT1, NLRP3, TNF-qa, IL-1B
and IL-6. U6 was the internal reference for miR-30e-3p.
Relative quantification was conducted by using the 2024
method. The primer sequences are shown in Table 1.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The contents of TNF-a, IL-1B and IL-6 in HMC3 cell
culture supernatant were determined by the corresponding
ELISA kits (Abcam, Shanghai, China) according to the
manufacturer’s instructions.
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Table | The Primer Sequences for qRT-PCR

Genes Primers Sequences
KCNQIOTI Forward 5'-CCTCCCTCACTGAGCTTTGG-3'
Reverse 5'-GTGCGGACCCTATACGGAAG-3'
miR-30e-3p Forward 5-GGGCAGTCTTTGCTACTGTAAAC-3'
Reverse 5'-GCCGCTGTAAACATCCGACT-3'
miR-30e-5p Forward 5'- TGTAAACATCCTTGACTGGAAGG-3’
Reverse 5'-CCAGTGCGAATACCTCGGAC-3’
Ué Forward 5'- CTCGCTTCGGCAGCACA-3'
Reverse 5-AACGCTTCACGAATTTGCGT-3'
NLRP3 Forward 5'-AGCTGCTCTTTGAGCCTGAG-3'
Reverse 5-CTTGCACACTGGTGGGTTTG-3'
TNF-a Forward 5'-TATGGCTCAGGGTCCAACTC-3'
Reverse 5'-GGAAAGCCCATTTGAGTCCT-3'
IL-6 Forward 5-TTCCATCCAGTTGCCTTCTT-3'
Reverse 5'-CATTTCCACGATTTCCCAGA-3'
IL-1B Forward 5'-CCTTGTCGAATGGGCAGT-3’
Reverse 5'-CAGGGAGGGAAACACACGTT-3'
CD86 Forward 5'-TCTCCACGGAAACAGCATCT-3'
Reverse 5'-CTTACGGAAGCACCCATGAT-3'
CD206 Forward 5'-CAAGGAAGGTTGGCATTTGT-3'
Reverse 5'-CCTTTCAGTCCTTTGCAAGC-3’
GAPDH Forward 5'-GGGAAATTCAACGGCACAGT-3'
Reverse 5'-AGATGGTGATGGGCTTCCC-3'

Cell Viability Assay

MTT assay was employed to assess the viability of HMC3
cells. Briefly, after the cells were inoculated into the 96-well
plate (2 x 10° cell/well) and cultured for 12 h, the cells were
incubated with 20 pL of MTT solution (Beyotime, Shanghai,
China) for 8 h. Finally, 150 pL of DMSO (Beyotime,
Shanghai, China) was added to dissolve the crystals and
terminate the reaction. Finally, the absorbance of the cells
in each well at 450 nm wavelength was measured by
a microplate reader (Molecular Devices, CA, USA).

Lactate Dehydrogenase (LDH) Assay

Cell membrane integrity of HMC3 cells was evaluated by
measuring LDH in the supernatants of cells. LDH
Cytotoxicity Test Kit (Jiancheng Bioengineering Institute,
Nanjing, China) was employed to evaluate the level of
LDH released by HMC3 cells. In short, the cell culture
supernatant was collected, and absorbance was measured
at 440 nm using a microplate reader according to the
manufacturer’s instructions.

Measurement of Nitric Oxide (NO)

Levels of nitric oxide (NO) production were determined
indirectly by measuring the stable NO catabolite, nitrite, in
the medium using the Griess method. Briefy, 50 puL of
culture supernatant of HMC3 cells was collected. Then,
100 pL of Griess reagent (Sigma-Aldrich, Deisenhofen,
Germany) was added. After 20 min of incubation, the
absorbance was measured at 540 nm. Nitrite concentra-
tions were calculated according to the standard curve.

Measurement of Reactive Oxygen Species
(ROS)

ROS levels in HMC3 cells were determined using
2,7-dichlorodihydrofluorescein (DCFH-DA, Sigma-Aldrich,
Deisenhofen, Germany). HMC3 cells were seeded in 6-well
plates and treated with LPS. 24 h later, the cells were har-
vested and then re-suspended in 10 uM of DCFH-DA solu-
tion, and incubated at 37°C for 30 min. Intracellular ROS
were then quantified according to the manufacturer’s instruc-
tion. Fluorescence absorbance was detected on a FL800-
BioTek spectrofluorometer (Bio-Tek Instruments INC,
Germany) with excitation/emission wavelengths of 480 nm/
525 nm.

Dual-Luciferase Reporter Assay

The targeting relationship between miR-30e-3p and
KCNQI1OT1 or NLRP3 3'UTR was examined by luciferase
reporter gene assay. The wild type (WT) reporters
(KCNQI1OT1-WT or NLRP3-WT) and mutant type (MUT)
reporters (KCNQI1OT1-MUT or NLRP3-MUT) containing
the predicted miR-30e-3p binding sites were subcloned to
pmirGLO dual-luciferase miRNA target expression vector
(Promega Corp., Madison, WI, USA). Subsequently, they
were co-transfected into HMC3 cells with miR-30e-3p
mimics or NC mimics, respectively. After 48 h of transfection,
the luciferase activity was assessed by the dual-luciferase
reporter gene analysis system (Promega, Madison, WI, USA).

Western Blot

HMC3 cells were lysed in RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) to extract the total protein.
The protein samples were mixed with loading buffer and then
denatured in the boiling water for 10 min. Next, the total
protein was separated by SDS-PAGE and transferred to
PVDF membrane (Millipore, Bedford, MA, USA). After
that, the membranes were blocked in 5% defatted milk, and
then incubated with the primary antibodies: anti-NLRP3
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(1:500, ab214185, Abcam, Shanghai, China) and anti-B-actin
(1:1000, ab8226, Abcam, Shanghai, China), respectively,
overnight at 4°C. After the membranes were rinsed by
TBST, the membrane was incubated with horseradish perox-
idase coupled secondary antibody (Beyotime, Shanghai,
China) at room temperature for 1 h. Finally, the protein
bands were developed with ECL kit (Beyotime, Shanghai,
China).

Statistical Analysis

All experiments were performed in triplicate, and each
experiment was repeated three times. All the experimental
data were expressed as “mean + standard deviation”. SPSS
19.0 software (SPSS, Inc., Chicago, IL, USA) was employed
for statistical analysis. One-way ANOVA and Student’s ¢-test
were used to make the comparison. P < 0.05 was considered
to show a statistically significant difference.

Results
KCNQIOTI Was Up-Regulated and
miR-30e-3p Was Down-Regulated in

LPS-Induced HMC3 Cells

Firstly, LPS was added (concentrations of 0, 0.1, 0.2, 0.5 or 1
pg/mL) to stimulate HMC3 cells, respectively, and incubated
for 24 h; meanwhile, 1 pg/mL LPS was used to treat HMC3
cells for different times (0 h, 2 h, 8 h, 12 h and 24 h). Then,
RT-qPCR was employed to analyze the relative expression
levels of KCNQIOT1 and miR-30e-3p in HMC3 cells, the
results of which showed that the expression of KCNQ10T]1
was increased with the elevation of LPS concentration
(Figure 1A), and its expression was gradually increased
with the increase in treatment time (Figure 1B). In addition,
the relative expression of miR-30e-3p showed opposite trend
compared with KCNQI1OT1 in a concentration- and time-
dependent manner (Figure 1C and D). These results sug-
gested that KCNQ1OT1 and miR-30e-3p might be involved
in LPS-induced neuroinflammation and neuronal apoptosis.

Knocking Down KCNQIOTI
Suppressed LPS-Induced
Neuroinflammation and Neuronal

Apoptosis in HMC3 Cells

For further exploring the function of KCNQ1OT]1, we trans-
fected HMC3 cells with pc-KCNQ1OT1 or si-KCNQIOT]I.
The expression of KCNQ1OT1 was evaluated by RT-qPCR.
Compared with control cells (cells transfected with pc-NC or

si-NC), the expression of KCNQ1OT1 in HMC3 cells trans-
fected with pc-KCNQ1OT1 was significantly increased, while
the expression of KCNQIOT! in cells transfected with si-
KCNQIOT1 was significantly decreased (Figure 2A).
Subsequently, we used RT-qPCR and ELISA kits to examine
the expressions of TNF-a, IL-1B and IL-6 to evaluate the
inflammatory response. The results indicated that LPS treat-
ment markedly promoted the expression levels of inflamma-
tory cytokines TNF-o, IL-1f and IL-6 in HMC3 cells;
overexpression of KCNQ1OT1 promoted the expressions of
inflammatory cytokines, while KCNQIOT! knockdown
inhibited their expression (Figure 2B and C). The expression
of M1 polarization marker CD86 was significantly increased
with LPS treatment, and M2 polarization marker CD206
decreased notably; the overexpression of KCNQI1OT]1 further
promoted the expression of CD86 and inhibited CD206
expression, while KCNQ1OT1 knockdown had the opposite
effects (Figure 2D and E). In addition, MTT and LDH assays
were used to detect the cell survival and apoptosis. The results
showed that after LPS treatment, the cell viability was mark-
edly reduced and the LDH release was remarkably elevated;
overexpression of KCNQI1OT1 promoted these effects, while
knocking down KCNQI1OT1 reversed these LPS-induced
effects (Figure 2F and G). In addition, KCNQ1OT1 knockout
significantly reduced the generation of NO and ROS of HMC3
cells (Figure 2H and I). These results indicated that the inhibi-
tion of KCNQI1OT]1 could inhibit LPS-induced activation of
microglia, neuroinflammation and neuronal apoptosis in
HMCS3 cells.

MiR-30e-3p Was the Target of

KCNQIOTI

Additionally, expression level of miR-30e-3p in HMC3 cells
transfected with pc-KCNQI1OT1 or si-KCNQIOT1 was
detected by RT-qPCR. In comparison with the control
group, the expression of miR-30e-3p in cells transfected pc-
KCNQI1OT1 was inhibited, while the expression of miR-
30e-3p in the cells transfected with si-KCNQ1OT1 was
significantly up-regulated (Figure 3A). Bioinformatics ana-
lysis showed that KCNQ1OT1 3'UTR contained a potential
binding site for miR-30e-3p (Figure 3B). Dual-luciferase
report assay showed that miR-30e-3p mimics was capable
of markedly suppressing the luciferase activity of
KCNQI1OTI-MUT reporter, but showed no remarkable
effect on the luciferase activity of KCNQ1OT1-WT reporter
(Figure 3C). These data suggested that miR-30e-3p was
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Figure | KCNQIOT! was up-regulated and miR-30e-3p was down-regulated in LPS-induced HMC3 cells. HMC3 cells were treated with different concentrations of LPS (0,
0.1, 0.2, 0.5 and | pg/mL) for 24 h, or treated with | pg/mL of LPS for different times (0, I, 6, 12 and 24 h). RT-qPCR was used to detect the expression levels of
KCNQIOTI (A and B) and miR-30e-3p (C and D) in HMC3 cells. All experiments were performed in triplicate. *P<0.05, **P<0.01, and ***P<0.001.

Abbreviation: LPS, lipopolysaccharide.

a target gene of KCNQIOT1, which was capable of nega-
tively regulating the expression of miR-30e-3p in microglia.

KCNQIOTI Counteracted the
Inhibitory Effects of miR-30e-3p on
LPS-Induced Neuroinflammation and

Neuronal Apoptosis in HMC3 Cells

To validate whether KCNQ1OT1 exhibited an effect in neu-
roinflammation and neuronal apoptosis through regulating
miR-30e-3p, miR-30e-3p mimics was transfected into
HMC3 cells with KCNQI1OT1 overexpression. RT-qPCR
showed that the transfection of miR-30e-3p mimics remark-
ably increased the expression of miR-30e-3p, and had no effect
on the expression of miR-30e-5p (Figure 4A; Supplementary
Figure 1). In addition, the overexpression of KCNQIOT]I
remarkably suppressed the up-regulation of miR-30e-3p
(Figure 4A). After LPS treatment, RT-qPCR and ELISA indi-
cated that overexpression of miR-30e-3p markedly suppressed

the expression of TNF-a, IL-1f, IL-6 and CD86 but increased
CD206 expression; but the inhibitory effects of miR-30e-3p on
LPS-induced neuroinflammation of HMC3 cells was remark-
ably reversed by overexpression of KCNQ1OT1 (Figure 4B-
E). Furthermore, MTT and LDH assays displayed that over-
expression of miR-30e-3p remarkably facilitated cell viability,
decreased LDH release, reduced the generation of NO and
ROS; and these effects were reversed by overexpression of
KCNQIOT1 (Figure 4F-I). These results indicated that
KCNQI1OT1 promoted the activation of microglia, neuroin-
flammation and neuronal apoptosis in HMC3 cells by nega-
tively regulating the expression of miR-30e-3p.

KCNQIOTI Indirectly Promoted NLRP3
Expression by Inhibiting miR-30e-3p
Expression

Bioinformatics analysis indicated that the 3'UTR of
NLRP3 had a binding site for miR-30e-3p (Figure
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Figure 2 Knocking down KCNQIOT] inhibited LPS-induced neuroinflammation and neuronal apoptosis in HMC3 cells. HMC3 cells were transfected with pc-NC, pc-
KCNQIOTI, si-NC or si-KCNQIOTI, respectively, and HMC3 cells were treated with | pg/mL LPS for 24 h after transfection. (A) RT-qPCR was used to detect
KCNQIOTI expression. (B) RT-qPCR was used to detect the expression level of TNF-a, IL-1f and IL-6 mRNA. (C) ELISA was used to detect TNF-q, IL-1B and IL-6 in the
cell culture supernatant of HMC3 cells. (D and E) RT-qPCR was used to detect the expression level of CD86 and CD206. (F) MTT assay was used to detect the viability of
HMC3 cells. (G) The neuronal injury was detected using LDH cytotoxicity detection kit. (H and 1) The levels of NO and ROS were detected. All experiments were
performed in triplicate. *P<0.05, **P<0.01, and ***P<0.001.

Abbreviations: pc-NC, pc-DNA negative controls; pc-KCNQIOT I, KCNQIOT| overexpression plasmid; si-NC, negative controls siRNA; si-KCNQIOT I, KCNQIOTI
siRNA; LPS, lipopolysaccharide; LDH, lactate dehydrogenase; ELISA, enzyme-linked immunosorbent assay; NO, nitric oxide; ROS, reactive oxygen species.

5A). Dual-luciferase reporter gene experiment verified
that miR-30e-3p could repress the luciferase activity of
NLRP3-WT reporter, but showed no impact on the luci-
ferase activity of NLRP3-MUT reporter (Figure 5B). In
addition, RT-qPCR and Western blot indicated that LPS
stimulation promoted the expression levels of NLRP3
mRNA and protein. Overexpression of miR-30e-3p

markedly repressed the expression levels of NLRP3
mRNA and protein, while overexpression of
KCNQI1OT1 significantly reduced the inhibitory effect
of overexpression of miR-30e-3p on NLRP3 expression
(Figure 5C and D), indicating that KCNQI1OT]1 indir-
ectly promoted NLRP3 expression by inhibiting miR-
30e-3p expression.
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different group was detected after 48 h. (C) RT-qPCR was used to detect the expression of miR-30e-3p in HMC3 cells transfected with pc-KCNQIOT| or si-KCNQIOT]I.

All experiments were performed in triplicate. **P<0.01 and *** P <0.001.

Abbreviations: pc-NC, pc-DNA negative controls; pc-KCNQIOT |, KCNQIOT| overexpression plasmid; si-NC, negative controls siRNA; si-KCNQIOT I, KCNQIOTI
siRNA; KCNQIOTI-WT, KCNQIOTI wild-type reporter vector; KCNQIOTI-MUT mutant-type reporter vector.

Overexpression of NLRP3 Reversed the
Inhibitory Effect of Knocking Down
KCNQIOTI on LPS-Induced
Neuroinflammation and Neuronal
Apoptosis in HMC3 Cells

To further elucidate the role of NLRP3 in neuroinflammation
and neuronal apoptosis mediated by KCNQ1OT1, we trans-
fected pc-NLRP3 into HMC3 cells transfected with si-
KCNQI1OTI1. RT-gPCR and Western blot manifested that the
expression of NLRP3 was inhibited in cells transfected with
si-KCNQI1OT]I, and pc-NLRP3 restored the expression of
NLRP3 mRNA and protein (Figure 6A and B). The expres-
sion levels of TNF-a, IL-1B, IL-6, CD86 and CD206 were
analysed by RT-qPCR and/or ELISA, the results of which
showed that NLRP3 overexpression significantly promoted
the expressions of inflammatory cytokines TNF-a, IL-1p, IL-
6 and CD86, inhibited CD206 expression compared with cells
transfected with si-KCNQ1OT1 (Figure 6C-F). In addition,
the overexpression of NLRP3 could markedly inhibit cell
viability, increase the release of LDH and generation of NO

and ROS (Figure 6E and F). These findings implied that
overexpression of NLRP3 remarkably reduced the inhibitory
effect of knocking down KCNQI1OT1 on LPS-induced activa-
tion of microglia, neuroinflammation and neuronal apoptosis.

Discussion

Increasing evidence indicates that the dysregulation of
IncRNAs is associated with the pathogenesis of neurological
diseases, including AD, PD, traumatic brain injury, stroke and
so on.”'* For example, IncRNA MALAT1 regulates neuronal
apoptosis in ischemic stroke by sponging miR-205-3p and up-
regulating PTEN expression.” In addition, up-regulation of
SNHG! significantly increases LPS-induced activation of
BV2 microglia.*” Lnc-p21 regulates MPP+ induced neuronal
damage by regulating miR-625/TRPM2 axis in SH-SY5Y
cells.*® In this study, it was demonstrated that KCNQIOTI
was significantly up-regulated in LPS-induced HMC3 cells;
inhibition of KCNQIOTI1 expression could significantly
repress the expression of inflammatory cytokines, improve
cell viability, reduce LDH release and the generation of NO
and ROS, while overexpression of KCNQ1OT]1 had opposite
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Figure 4 KCNQIOT| reversed the inhibitory effect of miR-30e-3p on LPS-induced neuroinflammation and neuronal apoptosis in HMC3 cells. MiR-NC, miR-30e-3p mimics,
miR-30e-3p mimics + pc-NC or miR-30e-3p mimics + pc-KCNQIOT | were transfected into HMC3 cells, respectively. (A) The expression level of miR-30e-3p was detected
by RT-qPCR. (B) RT-qPCR was used to detect the expression level of TNF-0, IL-1B and IL-6 mRNA. (C) ELISA was used to detect TNF-o, IL-1B and IL-6 in the cell culture
supernatant of HMC3 cells. (D and E) RT-qPCR was used to detect the expression level of CD86 and CD206. (F) MTT assay was used to detect the viability of HMC3 cells.
(G) The neuronal injury was detected using LDH cytotoxicity detection kit. (H and I) The levels of NO and ROS were detected. All experiments were performed in

triplicate. *P<0.05, *¥P<0.01 and ***P<0.001.

Abbreviations: miR-NC, miRNA negative controls; miR-30e-3p mi, miR-30e-3p mimics; pc-NC, pc-DNA negative controls; pc-KCNQIOT I, KCNQIOT| overexpression
plasmid; LPS, lipopolysaccharide; LDH, lactate dehydrogenase; ELISA, enzyme-linked immunosorbent assay; NO, nitric oxide; ROS, reactive oxygen species.

effects. Considering that up-regulation of pro-inflammatory
cytokines is a marker of microglia activation,®® our results
indicate that KCNQI1OT1 facilitates the activation of micro-
glia, contributing to inflammatory response, and further result-
ing in the reduction of neurons’ viability. Our data suggest that
KCNQI1OT1 is an injurious factor in the pathogenesis of
neurological diseases, which is consistent with the previous
reports.*'

In this work, we also observed that the expression of
miR-30e-3p was down-regulated in LPS-induced HMC3
cells. Furthermore, bioinformatics analysis, luciferase repor-
ter gene assay and RT-qPCR confirmed that KCNQ1OT]1
targeted miR-30e-3p and inhibited miR-30e-3p expression.

Previously, accumulating studies have reported that the
alterations of miRNAs are related to the pathogenesis of
neurological diseases.***® Taking PD as an example, it is
reported that miR-124 inhibits neuroinflammation in PD
development by regulating MEK3/NF-x B signaling
pathway.41 In addition, miR-124 can also protect DA neurons
by regulating AMPK/mTOR pathway.** Besides, miR-155
has been proved to be closely related to a-syn-induced neu-
roinflammation and neurodegeneration.”> In the present
work, the role of miR-30e-3p in neuroinflammation and
neuronal viability was investigated. It was observed that
overexpression of miR-30e-3p remarkably reduced the
expressions of LPS-induced inflammatory cytokines TNF-
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Figure 5 KCNQIOT]I indirectly promoted NLRP3 expression by inhibiting miR-30e-3p expression. (A) miRanda database was used to predict the binding site between
miR-30e-3p and NLRP3 3'UTR sequence. (B) HMC3 cells were co-transfected with miR-30e-3p mimics or control mimics and luciferase reporter NLRP3-WT or NLRP3-
MUT, and the luciferase activity of the cells in different groups was detected after 48 h. (C and D) RT-qPCR and Western blot were employed to detect the expression level
of NLRP3 mRNA and protein in HMC3 cells after KCNQIOT | and miR-30e-3p were selectively regulated. All experiments were performed in triplicate. *P<0.05, **P<0.01

and **¥P<0.001.

Abbreviations: pc-NC, pc-DNA negative controls; pc-KCNQIOT |, KCNQIOT | overexpression plasmid; miR-NC, miRNA negative controls; miR-30e-3p mi, miR-30e-3p
mimics; NLRP3-WT, NLRP3 3'UTR wild-type reporter vector; NLRP3-MUT, NLRP3 3'UTR mutant-type reporter vector; LPS, lipopolysaccharide.

o, IL-1p and IL-6 in HMC3 cells, promoting cell viability
and reducing LDH release; further, the up-regulation of
KCNQI1OTTI significantly reversed the inhibitory effect of
miR-30e-3p on inflammation and neuronal apoptosis. These
demonstrations imply that miR-30e-3p may be a protective
factor in neurological diseases, and KCNQ1OT1 aggravates
neuroinflammation and neuronal apoptosis via repressing
miR-30e-3p.

NLRP3 exerts a crucial role in human immunity and
pathogenesis of various inflammatory diseases.** Recent stu-
dies have reported that NLRP3 inflammasome participates in
neuroinflammation and neuronal apoptosis.'***** Reportedly,
activation of NLRP3 inflammasome can regulate astrocyte-
mediated neuroinflammation.*® Previous data indicate that
miR-7 targets NLRP3 to regulate neuroinflammation in
PD.?*37 In MPTP-induced PD mouse model, miR-190 attenu-
ates neuronal injury and inhibits inflammation by negatively
regulating the expression and activation of NLRP3.*” It was
reported that miR-223 targets NLRP3 to relieve inflammation
and alleviate spinal cord injury.* MiR-30a regulates retinal

microglial activation and inflammation by targeting NLRP3.*’

In addition, miR-30e-3p can ameliorate neuroinflammation in
PD model by reducing the activity of NLRP3 inflammasome.*”
In the present work, we further verified that NLRP3 was the
target gene of miR-30e-3p through bioinformatics and lucifer-
ase reporter gene assay, and overexpression of miR-30e-3p
of NLRP3.
Additionally, we demonstrated that overexpression of

remarkably suppressed the expression
NLRP3 significantly promoted the expression of inflammatory
cytokines TNF-o, IL-1B and IL-6, reduced cell viability,
increased LDH release, and reversed the effects of
KCNQIOT1 knockdown on LPS-induced HMC3 cells.
These results indicated that KCNQI1OT1 promoted LPS-
induced the activation of microglia, neuroinflammation and
neuronal apoptosis in HMC3 cells by promoting the expression
of NLRP3 by sponging miR-30e-3p.

Collectively, we report that the expression of KCNQ10T1
is up-regulated in LPS-treated HMC3 cells, and inhibition of
KCNQIOT1 expression reduces LPS-induced neuroinflam-
mation and neuronal damage by regulating miR-30e-3p/
NLRP3 axis in HMC3 cells. These findings help clarify the
mechanism of microglia activation, neuroinflammation and
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Figure 6 Overexpression of NLRP3 reversed the inhibitory effect of knocking down KCNQIOT | on LPS-induced neuroinflammation and neuronal apoptosis in HMC3
cells. The HMC3 cells were transfected with si-NC, si-KCNQIOT], si-KCNQIOT I +pc-NC or si-KCNQIOT I +pc-NLRP3, respectively. After 48 h of transfection, HMC3
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neuronal injury in neurological diseases, providing clues for Data Sh aring Statement
the treatment of these diseases. Nonetheless, our conclusions  The data used to support the findings of this study are

require further validation with in vivo models. available from the corresponding author upon request.
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