MOLECULAR MEDICINE REPORTS 23: 271, 2021

IncRNA PVT1 modulates NLRP3-mediated pyroptosis
in septic acute kidney injury by targeting miR-20a-5p
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Abstract. Acute kidney injury (AKI) is the most common
complication of sepsis. The current incidence of sepsis is high
(0.3% of total population) worldwide, and septic AKI may
cause death in patients. Long non-coding (Inc)RNAs serve
important roles in the pathogenesis of AKI. Therefore, the
present study investigated the mechanism underlying IncRNA
plasmacytoma variant translocation 1 (PVTI1)-mediated
regulation of pyroptosis in septic AKI. Septic kidney injury
was induced in mice using the caecal ligation and puncture
method, and lipopolysaccharide (LPS)-induced HK-2 cell
models were also established. Haematoxylin-eosin staining
was performed to assess pathological alterations of kidney
tissues in the mice. The levels of IL-13, IL-18 and lactate dehy-
drogenase were determined by conducting ELISAs. Reverse
transcription-quantitative PCR was used to detect the expres-
sion levels of PVT1 and microRNA (miR)-20a-5p. To assess
pyroptosis, the protein expression levels of nucleotide-binding
oligomerization domain-like receptor protein 3 (NLRP3),
IL-1p, IL-18, apoptosis-associated speck-like protein
containing a CARD and cleaved caspase-1 were measured via
western blotting. Flow cytometry was performed to assess the
rate of cell pyroptosis. Dual luciferase reporter assays were
used to assess the binding relationships of PVT1/miR-20a-5p
and miR-20a-5p/NLRP3. PVT1 expression was significantly
increased, whereas miR-20a-5p expression was significantly
decreased in sepsis model mice and LPS-induced HK-2
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cells compared with sham mice and control HK-2 cells,
respectively. PVT1 knockdown significantly suppressed cell
pyroptosis and downregulated the expression of inflammatory
factors in LPS-induced HK-2 cells. The results also indicated
that PVT1 served as a sponge of miR-20a-5p, and miR-20a-5p
directly targeted NLRP3. miR-20a-5p knockdown signifi-
cantly promoted LPS-induced cell pyroptosis. Moreover,
PVTI knockdown inhibited LPS-induced cell pyroptosis by
targeting the miR-20a-5p/NLRP3 signalling pathway. The
results of the present study suggested that PVT1 modulated
NLRP3-mediated pyroptosis in septic AKI by targeting
miR-20a-5p, which might suggest significant potential
therapeutic targets for septic AKI.

Introduction

Septicaemia is a life-threatening disease in which a patient's
own tissues and organs are damaged as a result of the patient's
response to infection (1). Sepsis is typically associated with
multiple organ failure, and acute kidney injury (AKI) is the
most common potentially fatal complication of sepsis (2).
AKI caused by sepsis is a serious medical problem in the
intensive care unit, with a mortality rate as high as 50-70%
in a study of 54 hospitals in 23 countries (3). However, the
pathophysiological mechanisms underlying septic AKI are not
completely understood, which limits the development of effec-
tive therapeutic strategies. Therefore, exploring the molecular
mechanism underlying the occurrence and development of
septic AKI is important as it will aid with the identification
of novel targets and directions for the treatment of septic AKI.

Long non-coding (Inc)RNAs do not encode proteins and
are >200 nucleotides in length (4). Increasing evidence demon-
strates that IncRNAs serve important roles in the pathogenesis
of AKI (5,6). IncRNA plasmacytoma variant translocation 1
(PVT1) has been reported to be highly expressed in several
human diseases, including septic AKI (5,7). Kidney tissues of
lipopolysaccharide (LPS)-induced AKI mice displayed high
PVTI and inflammatory factor expression levels, but PVT1
knockdown alleviated cellular inflammation in the kidney
tissues of sepsis model mice (5). However, the molecular
mechanism underlying PVT1 in septic AKI requires further
investigation.

MicroRNAs (miRNAs/miRs) are endogenous short RNAs
(21-25 nucleotides) that post-transcriptionally regulate gene
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expression (8). miRNAs are involved in almost all biological
processes, including development, cell differentiation and
proliferation, metabolism and apoptosis (9). A previous study
suggested that miR-20a-5p serves an important role in AKI (10).
miR-20a-5p downregulation was detected in kidneys after isch-
aemic injury and in HK-2 cells under hypoxic conditions, and
miR-20a-5p modulated autophagy by suppressing autophagy
related 16 like 1 (11). However, the specific mechanism under-
lying miR-20a-5p in septic AKI is not completely understood.
miRNAs bind to the 3'-untranslated region (UTR) of the target
gene mRNA, causing mRNA degradation and inhibiting
protein translation (8). Thus, it is necessary to further examine
the effect of miR-20a-5p on downstream gene expression and
the specific molecular mechanism of its role in sepsis.

Increasing evidence suggests that the NLRP3 inflam-
masome serves an important role in the pathogenesis of
AKI (12-14). Once activated, the NLRP3 inflammasome
induces the maturation and release of proinflammatory cyto-
kines, including IL-1p and IL-18, which serve important roles
in promoting the inflammatory process (10). Pyroptosis, an
emerging intrinsic cell death mechanism, is associated with
the inflammatory response (15). Therefore, the present study
further investigated the role of the NLRP3 inflammasome in
mediating pyroptosis in AKI.

In the present study, the molecular mechanism under-
lying PVT1 in septic AKI was investigated and the effect of
miR-20a-5p/NLRP3 in inflammasome of septic AKI was
clarified. This will provide new ideas for the prevention and
treatment of septic AKI.

Materials and methods

Materials. DMEM, FBS and nutrient mixture F-12 were
purchased from Gibco (Thermo Fisher Scientific, Inc. LPS and
formalin were obtained from Sigma-Aldrich (Merck KGaA).
The human/mouse IL-1f and IL-18 ELISA kits were purchased
from Sigma-Aldrich (Merck KGaA). The endonucleases Xhol
and HindIII, Lipofectamine® 3000 and TRIzol® reagent were
obtained from Invitrogen (Thermo Fisher Scientific, Inc.). The
Cytoplasmic & Nuclear RNA Purification kit was obtained
from Norgen Biotek Corp. Anti-NLRP3, anti-IL-1f, anti-1L-18,
anti-apoptosis-associated speck-like protein containing
a CARD (ASC), anti-cleaved gasdermin D (GSDMD),
anti-cleaved gasdermin E (GSDME) and anti-caspase-11
primary antibodies, and the HRP-conjugated secondary anti-
body were purchased from Abcam. The anti-cleaved caspase-1
primary antibody was purchased from Cell Signaling
Technology, Inc. The haematoxylin and eosin (H&E) staining
kit was purchased from Wuhan Boster Biological Technology,
Ltd. The BCA Kkit, lactate dehydrogenase (LDH)-cytotoxicity
assay kit and ECL reagent were obtained from Beyotime
Institute of Biotechnology. The ReverTra Ace™ qPCR RT kit
and SYBR Green PCR kit were purchased from Toyobo Life
Science. The FLICA 660 in vitro active caspase-1 detection
kit and PI solution were obtained from ImmunoChemistry
Technologies, LLC. The pcDNA3.1 vector, small interfering
RNA (si)NLRP3, siNC, shPVT1 and shNC were purchased
from Shanghai GenePharma Co., Ltd. The firefly luciferase
reporter plasmid pGL3-Basic was obtained from Promega
Corporation.

Mouse feeding and construction of the sepsis model. A total
of 10 male C57/BL6 mice (age, 6 weeks; weight, 25+3 g) were
purchased from Hunan SJA Laboratory Animal Co., Ltd. and
fed in separate cages. Mice were housed at 22+1°C and 60%
humidity with 12-h light/dark cycles, and free access to water
and food. Mice were randomly divided into two groups (n=5 per
group): i) Sham operation (sham); and ii) Sepsis model (sepsis).
All surgical procedures were performed under sterile condi-
tions. The sham group were only subjected to open abdominal
cavity operations, excluding the caecal ligation and puncture.
Mice were anaesthetized by the intraperitoneal injection of
150 mg/kg ketamine and 10 mg/kg xylazine. Subsequently,
an incision was made in the mouse midline. The caecum was
isolated and ligated distal to the ileocecal valve using 3/0 silk
sutures. The caecum content was brought into contact with the
peritoneum by opening two holes with a needle distal from the
mesentery to the opposite side. The abdominal incision was
then closed with two layers of sterile 4/0 synthetic absorbable
sutures. Following induction of deep anaesthesia by inhalation
of 5% isoflurane (Merck Sharp & Dohme-Hoddesdon), mice
were euthanized by cervical dislocation. Mouse blood (0.5 ml)
was collected by inserting a syringe into the heart. After
centrifugation (1,000 x g, 5 min at room temperature), serum
was collected for detection of creatinine and urea nitrogen
using a Beckman AU 480 automatic analyser (Beckman
Coulter, Inc.). All procedures related to animal experiments
were reviewed and approved by The Third Xiangya Hospital of
Central South University [approval no. LLSC (LA)2018-030].

Cell culture and model building. The HK-2 human tubular
epithelial cell line was obtained from The Cell Bank of Type
Culture Collection of The Chinese Academy of Sciences. HK-2
cells were cultured in DMEM/Nutrient Mixture F-12 (1:1)
supplemented with 10% FBS at 37°C with 5% CO,. To induce
the cell sepsis model, HK-2 cells were treated with 2 yg/ml LPS
for 8 h at 37°C. The control cells did not receive any treatment.

H&E staining. Mouse kidneys were fixed overnight in 10%
formalin at 4°C and embedded in paraffin. Kidney tissues were
sliced into 4-pm thick sections using an automatic microtome
(Leica Microsystems GmbH). Sections were dewaxed using
xylene (I and II; 10 min per solution), rehydrated using a
descending alcohol series (100, 95, 80 and 70%; 5 min per solu-
tion), washed with running tap water and stained with Mayer's
haematoxylin for 4 min at room temperature. Following
washing in running tap water, sections were dehydrated in
ethanol (85 and 95%; 5 min per solution), stained with eosin
solution for 5 min at room temperature and then rinsed in tap
water to remove excess stain. Subsequently, sections were
rapidly dehydrated using graded ethanol (80, 95 and 100%)
in xylene and sealed using neutral gum. Stained sections
were observed using an inverted fluorescence microscope at
x100 magnification (Olympus Corporation).

Plasmid constructs and transfection. Plasmid DNA-encoding
PVT1 was constructed by inserting the cDNA clone
of PVTI1 into a pcDNA3.1 vector (Invitrogen; Thermo
Fisher Scientific, Inc.). miR-20a-5p mimic (5'-UAAAGU
GCUUAUAGUGCAGGUAG-3"), mimic NC (5'-UUC
UCCGAACGUGUCACGUTT-3"), miR-20a-5p inhibitor
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(5'-CUACCUGCACUAUAAGCACUUUA-3") and inhibitor
NC (5'-CAGUACUUUUGUGUAGUACAA-3") were synthe-
sized by Sangon Biotech Co., Ltd. Cells (1x10° cells/well)
were transfected with pcDNA3.1-PVTI1 (1 ug), pcDNA3.1-NC
(1 ug), siNLRP3 (50 nM), siNC (non-targeting control;
50 nM), shPVT1 or shNC (BLOCK-iT™ shRNA Vectors;
Thermo Fisher Scientific, Inc.; NC, non-targeting control;
50 nM), miR-20a-5p mimic or NC (100 nM), miR-20a-5p
inhibitor or NC (100 nM) using Lipofectamine 3000 according
to the manufacturer's instructions at 37°C for 6 h. Cells were
harvested for further experiments after 24 h.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted using TRIzol reagent from mice kidney
tissues and HK-2 cells. Total RNA was reverse transcribed into
cDNA using a ReverTra Ace™ qPCR RT kit according to the
manufacturer's protocol. Subsequently, gPCR was performed
using a Mastercycler RealPlex4 (Eppendorf) with the SYBR
Green PCR kit. The following thermocycling conditions
were used for qPCR: Initial denaturation at 95°C for 5 min;
followed by 40 cycles at 95°C for 15 sec, 60°C for 30 sec and
72°C for 30 sec. The following primers were used for qPCR:
PVTI forward, 5~AAAACGGCAGCAGGAAATGT-3' and
reverse, 5'-CCTCGGTCCACGCCTTCCCTC-3"; miR-20a-5p
forward, 5'-UAAAGUGCUUAUAGUGCAGGUAG-3' and
reverse, 5'-CUACCUGCACUAUAAGCACUUUA-3"; NLRP3
forward, 5'-GATCTTCGCTGCGATCAACAG-3' and reverse,
5'-CGTGCATTATCTGAACCCCAC-3'; U6 forward, 5-CTC
GCTTCGGCAGCACA-3 and reverse, 5-"AACGCTTCAGAA
TTTGCCT-3"; and GAPDH forward, 5-GAGTCAACGGAT
TTGGTCGTT-3' and reverse, 5S-TTGATTTTGGAGGGA
TCTCG-3'". Cytoplasmic and nuclear RNAs were isolated
using Cytoplasmic & Nuclear RNA Purification kit (Norgen
Biotek Corp.) according to the supplier's instructions, and
measured via RT-qPCR. The nuclear and cytoplasmic RNAs
were normalized to U6 and GAPDH, respectively. miRNA
and mRNA expression levels were quantified using the 2444
method (16) and normalized to the internal reference genes U6
and GAPDH, respectively.

Pyroptosis detection via flow cytometry. Cells were seeded
(2x10° cells/well) into 6-well plates. Cells were harvested
and washed with PBS. To identify pyroptotic cells, cells
were stained with FLICA 660-Y VAD-FMK (FLICA 660
in vitro active caspase-1 Detection kit) and PI according to
the manufacturer's protocol. Subsequently, cells were analysed
using a BD LSRFortessa Cell Analyser (BD Biosciences)
and pyroptotic cells were analysed using FlowJo software
V7.6.5 (Flowlo, LLC). Pyroptotic cells were defined as active
caspase-1-PI double-positive cells.

ELISAs. The levels of IL-1f3 and IL-18 were determined using
human/mouse IL-1f and IL-18 ELISA kits according to the
manufacturer's protocol, respectively. Blood samples were
centrifuged at 1,000 x g for 10 min at 4°C to collect serum.
Subsequently, 50 pl diluted sample (containing 10 ul serum
and 40 ul sample dilution, or 30 ul cell supernatant and 20 yul
sample dilution) and 100 1 HRP-conjugated secondary anti-
body were added to each well of the antibody-coated plate.
Following incubation for 1 h at 37°C in the dark, the liquid was

removed from the microtiter plate. Each well was washed five
times with washing solution. Subsequently, 50 ul reaction solu-
tion was added to each well and incubated for 30 min at room
temperature. Then, 50 ul stop solution was added to each well.
The absorbance of each well was measured at a wavelength of
450 nm using a microplate reader.

LDH secretion in cell samples was measured using an
LDH-cytotoxicity assay kit according to the manufacturer's
instructions.

Plasmid vector construction and dual luciferase reporter
assay. starBase (starbase.sysu.edu.cn), an online target
prediction website, was used to predict the base sequence
of the binding site between PVTI1 and miR-20a-5p. The
wild-type (WT) 3'UTR sequence of PVT1 was cloned into
the firefly luciferase reporter plasmid pGL3-Basic (Promega
Corporation) following Xhol and HindlII restriction enzyme
digestion. After site-directed mutation of the potential comple-
mentary binding site, the pGL3 vector was double-enzyme
digested by Xhol and HindIIl. The mutant (MUT) fragment
was inserted into the vector to construct a mutant recombi-
nant dual luciferase reporter vector. Cells (1x10° cells/well)
were co-transfected with PVTI-WT (2 ug) or PVTI-MUT
(2 ug) and mimic NC (50 nM) or miR-20a-5p mimic (50 nM)
using Lipofectamine 3000 at 37°C for 6 h according to the
manufacturer's instructions. The same protocol (the 3'UTR
sequence of NLRP3 was used to instead of PVTI1) was used
for the dual luciferase reporter assay for the investigation of
the interaction between miR-20a-5p and NLRP3. Luciferase
activity was detected using a Dual-Glo luciferase assay kit
(Promega Corporation) after the cells were cultured for 48 h.
The firefly luciferase activity was normalized to Renilla
luciferase activity.

Total protein extraction and western blotting. Total protein
was isolated from mice kidney tissues and cells using RIPA
(cat. no. R0278; Sigma-Aldrich; Merck KGaA) mixed with
1% protease inhibitor and phosphorylase inhibitor. Protein
concentrations were determined using a BCA kit. Lysate
samples (25 pug/lane) were separated using 12% SDS-PAGE
and then transferred to a PVDF membrane (MilliporeSigma).
The membrane was blocked with 5% non-fat milk powder at
room temperature for 2 h. Subsequently, the membranes were
incubated overnight at 4°C with primary antibodies targeted
against: NLRP3 (1:1,000; cat. no. ab263899), IL-1p (1:1,000;
cat. no. ab234437), IL-18 (1:1,000; cat. no. ab207324), ASC
(1:1,000; cat. no. ab151700), cleaved caspase-1 (1:1,000;
cat. no. 89332), cleaved GSDMD (1:1,000; cat. no. ab227821),
cleaved GSDME (1:1,000; cat. no. ab222408), caspase-11
(1:1,000; cat. no. abl80673) and B-actin (Sigma-Aldrich;
Merck KGaA; 1:10,000; cat. no. A1978). After washing
with 0.1% Tween-20 in PBS-T (Sangon Biotech Co., Ltd.),
the membranes were incubated at room temperature for
1 h with the corresponding HRP-conjugated secondary
antibody (Boster Biological Technology Co, Ltd.; 1:10,000;
cat. no. BA1056). Protein bands were visualized using ECL
reagent and a GEL imaging system (Bio-Rad Laboratories,
Inc.). Protein expression was semi-quantified using Quantity
One software V4.3 (Bio-Rad Laboratories, Inc.) with 3-actin
as the loading control.
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Figure 1. PVT1 expression is increased, whereas miR-20a-5p expression is decreased in sepsis model mice and LPS-induced HK-2 cell models. Serum
(A) creatinine and (B) urea nitrogen levels were detected using a Beckman Automatic Analyser. (C) Haematoxylin and eosin staining of kidney tissues. Serum
(D) IL-1f and (E) IL-18 levels were detected by performing ELISAs. (F) PVT1 and (G) miR-20a-5p expression levels in kidney tissues were detected via
RT-qPCR. (H) PVT1 and (I) miR-20a-5p expression levels in HK-2 cells were determined via RT-qPCR. "P<0.05, “P<0.01 and ““P<0.001. PVT1, plasmacytoma
variant translocation 1; miR, microRNA; LPS, lipopolysaccharide; RT-qPCR, reverse transcription-quantitative PCR.

Statistical analysis. All experiments were performed three
times. Data are presented as the mean + SD. Statistical
analyses were performed using GraphPad Prism 8.0 software
(GraphPad Software, Inc.). Comparisons between two groups
were analysed using the unpaired Student's t-test. Comparisons
among multiple groups were analysed using one-way ANOVA
followed by Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

PVTI expression is increased, whereas miR-20a-5p expres-
sion is decreased in sepsis model mice and LPS-induced HK-2
cell models. First, a septic mouse model was constructed using
the caecal ligation and puncture method (17) (the detailed
steps are outlined in the Materials and methods section).
The serum levels of creatinine and urea nitrogen were
significantly increased in the sepsis group compared with the
sham group (Fig. 1A and B). Histopathological characteris-
tics of renal tubules, including the formation of transparent
moulds, cavitation, extensive necrosis and exfoliation of the
basement membrane, were observed in the sepsis group by
H&E staining of the kidney (Fig. 1C). Moreover, the serum
levels of IL-1p and IL-18 were significantly upregulated in the

sepsis group compared with the sham group (Fig. 1D and E).
IL-1B and IL-18 protein expression levels displayed similar
trends, as demonstrated via western blotting (Fig. S1). In
addition, the protein expression levels of NLRP3, ASC and
cleaved-caspase 1 were significantly increased in the sepsis
group compared with the sham group (Fig. S1). The afore-
mentioned results suggested that cell pyroptosis might occur
in the kidneys of sepsis model mice. Moreover, the results
demonstrated that the septic mouse model was successfully
constructed. Compared with the sham group, PVT1 expres-
sion levels were significantly upregulated, and miR-20a-5p
expression levels were significantly downregulated in the
sepsis group (Fig. 1F and G). A similar trend was observed
in LPS-induced HK-2 cells compared with control HK-2 cells
(Fig. 1H and I). Collectively, the results suggested that PVT1
was upregulated, whereas miR-20a-5p was downregulated in
sepsis model mice and LPS-induced HK-2 cells.

PVTI knockdown reduced NLRP3-mediated pyroptosis in
LPS-induced HK-2 cells. To further investigate the effect of
PVT1 on cell pyroptosis, PVT1 expression was knocked down
in LPS-induced HK-2 cells. PVT1 expression levels were
significantly increased in the LPS group compared with the
control group, but were significantly decreased by shPVT1
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Figure 2. PVTI knockdown reduces NLRP3-mediated pyroptosis in LPS-induced HK-2 cells. (A) PVT1 expression in HK-2 cells was detected via reverse
transcription-quantitative PCR. (B) IL-1f and (C) IL-18 levels in HK-2 cells were detected by performing ELISAs. (D) LDH secretion was measured using
an LDH cytotoxicity assay kit. (E) Cell pyroptosis was detected via flow cytometry. (F) NLRP3, IL-1, IL-18, ASC and cleaved caspase-1 protein expression

ok

levels were determined via western blotting. ‘P<0.05, “P<0.01 and

P<0.001. PVTI, plasmacytoma variant translocation 1; NLRP3, nucleotide-binding oligo-

merization domain-like receptor protein 3; LPS, lipopolysaccharide; LDH, lactate dehydrogenase; ASC, apoptosis-associated speck-like protein containing a

CARD; sh, short hairpin RNA; NC, negative control.

compared with shNC, which demonstrated successful knock-
down (Fig. 2A). The ELISA results demonstrated that the
levels of IL-1f, IL-18 and LDH were significantly increased
in the LPS group compared with the control group, which was
significantly reversed by transfection with shPVT1 compared
with transfection with shNC (Fig. 2B-D). A similar trend was
observed for the protein expression levels of NLRP3, IL-14,
IL-18, ASC and cleaved caspase-1 (Fig. 2F). In addition, LPS
significantly increased the percentage of active caspase-1-PI
double-positive cells compared with the control group,
whereas shPVT]I transfection reduced the LPS-induced cell
pyroptosis rate compared with shNC transfection (Fig. 2E).
The protein expression levels of cleaved-GSDME and active
caspase-11 were not significantly altered by LPS treatment
compared with the control group (Fig. S2). By contrast, the

expression of cleaved-GSDMD was significantly increased in
LPS-induced HK-2 cells compared with control HK-2 cells.
The results suggested that LPS-induced cell pyroptosis was
caused by caspase-1, not caspase-11. In addition, PVT1 overex-
pression significantly promoted increased HK-2 cell pyroptosis
compared with the vector group (Fig. S3). Collectively, the
aforementioned results demonstrated that PVT1 knockdown
inhibited cell pyroptosis in LPS-induced HK-2 cells.

PVTI serves as a sponge of miR-20a-5p. Subsequently, the
binding relationship between PVT1 and miR-20a-5p was veri-
fied. PVT]1 localization tests were conducted, and the results
demonstrated that most PVT1 molecules were located in the
nucleus compared with the cytoplasm (Fig. 3A). starBase was
used to predict the binding sites between PVT1 and miR-20a-5p,
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and PVT1 3'UTR MUT was constructed (Fig. 3B). The dual
luciferase reporter assay results indicated that compared with
the mimic NC group, miR-20a-5p mimic significantly reduced
the luciferase activity of PVT1-WT, but displayed no obvious
effect on the luciferase activity of PVT1-MUT, verifying the
direct binding of PVT1 and miR-20a-5p (Fig. 3C). Moreover,
PVTI1 overexpression significantly increased PVT1 expression
and significantly decreased miR-20a-5p expression compared
with the vector group (Fig. 3D and E). By contrast, PVT1
knockdown significantly decreased PVT1 expression and
significantly increased miR-20a-5p expression compared with
the shNC group. In summary, the results indicated that PVT1
served as a sponge of miR-20a-5p.

NLRP3 is a target gene of miR-20a-5p. Since PVT1 knock-
down blocked NLRP3-mediated pyroptosis, the targeting
relationship between miR-20a-5p and NLRP3 was inves-
tigated. First, the binding sites between miR-20a-5p and
NLRP3 were predicted using starBase, and an NLRP3 3'UTR
MUT was constructed (Fig. 4A). The dual luciferase reporter
assay results indicated that compared with the mimic NC
group, miR-20a-5p mimic significantly reduced the lucif-
erase activity of NLRP3-WT, but did not significantly alter
the luciferase activity of NLRP3-MUT, verifying the direct
binding of NLPR3 and miR-20a-5p (Fig. 4B). Compared
with the mimic NC group, miR-20a-5p mimic significantly
increased miR-20a-5p expression levels, but significantly
decreased NLRP3 mRNA and protein expression levels
(Fig. 4C-E). By contrast, miR-20a-5p inhibitor significantly
reduced miR-20a-5p expression, and significantly increased
NLRP3 mRNA and protein expression levels compared
with the inhibitor NC group. Overall, the results indicated
that miR-20a-5p targeted NLPR3 and negatively regulated
NLPR3 expression.

PVTI promotes NLRP3-mediated pyroptosis via miR-20a-5p
in LPS-induced HK-2 cells. PVT1, miR-20a-5p and NLPR3
knockdown experiments were conducted to explore the
mechanism underlying PVT1-mediated promotion of pyrop-
tosis in septic AKI. First, the knockdown effect of siNLRP3
was verified, and the results demonstrated that transfec-
tion of siNLRP3 effectively reduced NLRP3 expression
(Fig. S4). Compared with the control group, LPS significantly
decreased miR-20a-5p expression. Compared with the LPS
group, LPS + shPVTI significantly increased miR-20a-5p
expression, but LPS + miR-20a-5p inhibitor significantly
decreased miR-20a-5p expression. However, co-transfection
with shPVT1 and miR-20a-5p significantly recovered
miR-20a-5p expression levels (Fig. 5A). Compared with the
control group, LPS significantly enhanced NLRP3 mRNA
and protein expression levels. Compared with the LPS group,
LPS + shPVTI significantly decreased NLRP3 mRNA and
protein expression levels, but LPS + miR-20a-5p inhibitor
significantly increased NLRP3 mRNA and protein expression
levels. Moreover, co-transfection with miR-20a-5p inhibitor
and shPVT1 or siNLPR3 significantly recovered NLRP3
mRNA and protein expression levels (Fig. 5B and G). Similar
trends were observed for the levels of IL-13, IL-18 and LDH
(Fig. 5C-E), and the protein expression levels of NLRP3, IL-1f3,
IL-18, ASC and cleaved caspase-1 (Fig. 5G). Compared with
the control group, LPS significantly increased the cell pyrop-
tosis rate, but shPVT1 significantly inhibited LPS-induced cell
pyroptosis (Fig. 5F). In addition, miR-20a-5p inhibitor signifi-
cantly enhanced LPS-induced cell pyroptosis. In LPS-treated
+ miR-20a-5p inhibitor-transfected cells, transfection with
shPVT1 or siNLRP3 significantly reversed miR-20a-5p
inhibitor-mediated effects. The results indicated that PVT1
regulated NLRP3 via miR-20a-5p to promote the pyroptosis
of LPS-induced HK-2 cells.
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Figure 4. NLRP3 is a target gene of miR-20a-5p. (A) starBase was used to predict the sequence of the binding site between miR-20a-5p and NLRP3.
(B) Dual luciferase reporter assays were performed to assess the direct binding of miR-20a-5p to NLRP3. (C) miR-20a-5p and (D) NLRP3 expression levels
were detected via reverse transcription-quantitative PCR. (E) NLRP3 protein expression levels were measured via western blotting. "P<0.05, “P<0.01 and
“"P<0.001. NLRP3, nucleotide-binding oligomerization domain-like receptor protein 3; miR, microRNA; WT, wild-type; MUT, mutant; NC, negative control.

Discussion

Sepsis is an acute systemic inflammatory response caused
by infection that is characterized by the excessive release of
various inflammatory mediators, causing extensive cell and
tissue damage (18). The kidney is the most vulnerable organ
for the development of sepsis (19,20). The secretion of inflam-
matory factors, which trigger cell pyroptosis, are key aspects of
the pathogenesis of endotoxaemia and sepsis (21). Ye ez al (22)
reported that caspase-11-induced tubular epithelial cell pyrop-
tosis was a key event during septic AKI, and inhibition of cell
pyroptosis might serve as a key event against septic AKI (22).
Therefore, the present study investigated the regulatory
mechanism underlying cell pyroptosis in septic AKI.
Increasing evidence has demonstrated that IncRNAs serve
major roles in the pathogenesis of septic AKI (7). In the present
study, IncRNA PVTI expression was significantly increased
in the kidney tissues of septic AKI model mice and a septic
AKI cell model compared with sham mice and control HK-2
cells, respectively. PVT1 was reported to be an oncogenic
IncRNA that is highly expressed in a variety of malignancies
and is associated with poor prognosis (23). More importantly,
PVTI1 was reported to be highly expressed in septic AKI, and
PVTI1 promoted septic AKI by upregulating the inflammatory
response (5). Moreover, Huang e al (7) indicated that PVT1 can
promote LPS-induced septic AKI via the regulation of TNF-a
and JNK/NF-kB signalling pathways in HK-2 cells. The
aforementioned studies indicate that PVT1 is closely related to
the development of septic AKI; however, the role of IncRNA
PVTI in regulating cell pyroptosis in septic AKI has not
been previously reported. In the present study, compared with
shNC, PVTI knockdown significantly decreased LPS-induced

HK-2 cell pyroptosis. The results indicated that PVT1 might
enhance cell pyroptosis in septic AKI; thus, the mechanism
underlying PVT1-mediated regulation of pyroptosis in septic
AKI was investigated.

The IncRNA/miRNA axis has a large regulatory effect
on the process of several diseases (24,25). For example,
IncRNA small nucleolar RNA host gene 3 can enhance the
invasion and migration of osteosarcoma by downregulating
miRNA-151a-3p expression (25). miRNAs participate in
numerous biological processes, and research demonstrates
that miRNAs serve important roles in sepsis (26,27).
Specifically, miRNAs, including miRNA-21 and miRNA-23a,
can protect against sepsis-induced tissue damage (26,27).
The present study verified a binding site for miR-20a-5p in
PVTI1. miR-20a-5p was reported to serve a vital role in the
occurrence of septic AKI (28), and a previous study suggested
that miR-20a-5p was downregulated in septic AKI (29). The
results of the present study indicated that PVT1 served as
a sponge of miR-20a-5p to aggravate LPS-induced pyrop-
tosis by inhibiting miR-20a-5p function. Therefore, it was
concluded that PVTI regulated cell pyroptosis in septic AKI
by mediating miR-20a-5p.

miRNAs may bind to the 3'UTR of their target genes to
regulate inflammation (28). The results of the present study
demonstrated that miR-20a-5p contained a binding site to
a protein complex that serves a crucial role in pyroptosis,
NLRP3. NLRP3 is the most widely studied inflammasome
and belongs to the family of NLR proteins (30). Activated
NLRP3 binds with ASC, which contains a pyrin domain
(PYD) and a caspase-recruitment domain (CARD), via
PYD interaction. Moreover, the CARD of ASC recruits
pro-caspase-1 to the complex (31). The present study
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Figure 5. PVT1 promotes NLRP3-mediated pyroptosis via miR-20a-5p in LPS-induced HK-2 cells. (A) miR-20a-5p and (B) NLRP3 expression levels were
detected via reverse transcription-quantitative PCR. (C) IL-1f and (D) IL-18 levels were detected by performing ELISAs. (E) LDH secretion was measured
using an LDH cytotoxicity assay kit. (F) Cell pyroptosis was detected via flow cytometry. (G) NLRP3,IL-1f, IL-18, ASC and cleaved caspase-1 protein expres-
sion levels were measured via western blotting. "P<0.05, “P<0.01 and ““P<0.001. PVTI, plasmacytoma variant translocation 1; NLRP3, nucleotide-binding
oligomerization domain-like receptor protein 3; miR, microRNA; LPS, lipopolysaccharide; LDH, lactate dehydrogenase; ASC, apoptosis-associated speck-like
protein containing a CARD; sh, short hairpin RNA; si, small interfering RNA.

also indicated that NLRP3 served an important role in In conclusion, the present study identified a potential mech-
the occurrence of pyroptosis in septic AKI, and PVT1  anism underlying PVT1-mediated regulation of pyroptosis in
knockdown inhibited cell pyroptosis by regulating the septic AKI. PVT1 modulated NLRP3-mediated pyroptosis via
miR-20a-5p/NLRP3 axis in septic AKI. miR-20a-5p in septic AKI, which indicated the potential of
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using PVT1 to treat septic AKI. Therefore, PVT1 might serve
as a potential therapeutic target for septic AKI.
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