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Background: Diabetic nephropathy (DN) is one of the main complications of diabetes
mellitus (DM), which leads to the long-term loss of kidney functions. Long noncoding RNAs
(LncRNAs) can alleviate DN by interacting with microRNAs (miRNAs). In this work, we
aimed to explore the effects of the MALAT1/miR-200c/NRF2 regulatory axis on the
pyroptosis and oxidative stress (Oxidative stress, OS) of renal podocytes in high glucose
(HG) environment and whether the lipid-lowering drug atorvastatin (AT) can relieve renal
OS through this approach.

Methods: MPC-5, a mouse podocyte cell line, was induced by HG as a cell model. The
protein expressions of caspase-1, GSDMD, NLRP3, NRF2, etc. were detected by Western
blotting and immunofluorescence, and the mRNA level of caspase-1, GSDMD, NLRP3,
NRF2, MALAT1, miR-200c was tested by qRT-PCR. The cell pyroptosis of podocytes
treated with AT was verified by CCK-8 or flow cytometry. The levels of Malondialdehyde
(MDA), superoxide dismutase (SOD), and glutathione (GSH) were measured by spectro-
photometer, respectively.

Results: The caspase-1 was upregulated in time-dependent manner and got the peak at 48
h and 30 mmol/L respectively in MPC-5 cells treated with HG. Further, the expression of
GSDMD, MALAT1 and miR-200c were increased, while the level of NRF2, HO-1, OS-
related indicators, were decreased simultaneously. Knockdown the MALATI1 protected
MPC-5 cells from pyroptosis and OS induced by HG. However, overexpressing miR-200c
in control-group cells increased pyroptosis and upregulated the OS level with HG culture
medium. Further, atorvastatin protected MPC-5 cells from cell pyroptosis and downregulated
the level of renal OS via attenuating the expression of MALAT1 and miR-200c.
Conclusion: Atorvastatin protects podocyte cells via MALAT1/miR-200c/NRF2 signal
pathway from pyroptosis and OS induced by HG.
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Introduction

Diabetic nephropathy (DN) is a serious, chronic microvascular complication of
diabetes mellitus (DM), which is the main cause of end-stage renal disease
(ESRD) and diabetes mortality.! Its specific pathogenesis remains unclear, but
proteinuria is one of the clinical signs of DN and is associated with damage of the
glomerular filtration barrier (GFB). Podocytes, highly differentiated cells in the
outermost layer of the GFB, whose damage is related to the destruction of the GFB
and the occurrence of proteinuria.”* Therefore, the investigation of podocytes has
become a hot spot to explore the pathogenesis of DN. Pyroptosis, a newly
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discovered way of programmed cell death, is accompa-
nied by the release of inflammatory factors including
interleukin (IL)-1B, IL-18, etc.”
changes of pyroptosis are similar to necrosis and

The morphological

apoptosis.” ' It is a form of programmed cell death that
depends on caspase-1, which induces an inflammatory
response through a cascade of reactions.” Studies of the
importance of pyroptosis in cancer, cardiovascular dis-
eases, and microbial infectious diseases are ongoing.® '°

Previous studies have confirmed that cell pyroptosis is
relevant to oxidative stress (OS). Recent in vivo studies
reported an association between OS and podocyte damages
that resulted in albuminuria, the activation of NLRP3 inflam-
masomes in the glomerular cortex, and increased production
of IL-1P. The evidence indicates that podocyte pyroptosis may
be a response to OS.'"" Nuclear factor erythroid-2-related
factor 2 (NRF2) participates in the regulation of OS and its
expression is downregulated under high glucose (HG)
condition."> Hu et al'® found that the mice knocked out
NRF2 are more sensitive to oxidative damage and respond
with an increase in pyroptosis. NRF2 regulates OS-induced
pyroptosis via heme oxygenase-1 (HO-1), an antioxidant
enzyme that is involved in regulating antioxidant and anti-
inflammatory responses in cells." In vitro studies'>'® have
confirmed that the NRF2/HO-1 regulatory pathway is of key
significance in the occurrence and development of DN.
Metastasis-related lung adenocarcinoma transcript 1
(MALAT1) is a highly conserved long noncoding RNA
(IncRNA) that has been found to be associated with pyroptosis
in DM. Overexpression of MALAT1 significantly inhibits the
pyroptosis of human umbilical vein endothelial cells induced
by H,0,, leading to the stabilization and activation of NRF2."7
MicroRNAs (MiRNAs), important signal regulatory mole-
cules in cells, are endogenous noncoding single-stranded
RNA that have 20-24 nucleotides. Elevated expression of
miR-200c can increase the level of OS in endothelial cells.'®
Moreover, Li et al'® found that miR-200c can combine with
MALATTI in the structure.

In addition to lipid regulation, statins have anti-
inflammatory and antioxidative effects. For example, ator-
vastatin (AT) was reported to increase superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) expression and
decrease glutathione peroxidase (GSH-Px) expression in rats
with streptozotocin (STZ)-induced kidney injury. The pro-
tective effect of AT on the kidney may be related to its
reduction of renal OS, but the specific mechanism is
unknown.*°

However, related studies have confirmed that excessive
doses of statins worsen the blood sugar control of diabetic
patients.?'** And the risk of new-onset diabetes caused by
high-dose statins is higher than that of low-dose statins.*®
Thongtang et al** found that compared with patients who
continued to take low-dose simvastatin, the glucose home-
ostasis of diabetic patients who switched from low-dose
simvastatin to high-dose atorvastatin decreased slightly,
and HbAlc increased by 0.1%. A randomized controlled
trial showed that a dose of 80 mg/day of atorvastatin
significantly increased the median insulin level, indicating
that the deterioration of blood glucose control is caused by
increased insulin resistance.”® Henriksbo et al*® found that
the combination of statins, p38 and mTOR promoted the
production of IL-1pB, which is an NLRP3 inflammasome
effector that facilitates insulin resistance in adipocytes.
These indicated that statins reduce the isoprenoid required
for protein isoprenylation and activate NLRP3, which in
turn generates IL-1B to accelerate insulin resistance in
adipocytes.?’®

This study investigated whether the MALAT1/miR-
200c/NRF2 axis regulated OS and podocyte pyroptosis in
DN induced by HG and whether the protective effect of
AT shown by improvement of podocyte pyroptosis was
mediated by the MALAT1/miR-200c/NRF2 axis.

Methods

Cell Culture and HG Induction

Mouse podocyte cells, MPC-5, were purchased from
Shanghai Aolu Limited and were cultured in RMPI-1640
medium containing 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin and incubated at 37°C and 5%
CO,. Basic RPMI-1640 medium and FBS were obtained
from Gibco (Grand Island, NY, USA). A glucose concen-
tration of 5.0 mmol/L was used as the normal control
group (NG), and 30 mmol/L as the HG group.

Cell Transfection

Transient transfection was performed with Lipofectamine
3000 (Lipo3000; Invitrogen, USA) transfection kits. MPC-
5 cells were cultured in HG and NG and transfected with
silent-interfering negative-control RNA (siRNA-NC),
siRNA-MALAT1, NC mimics, and miR-200c mimics.
All transfection reagents were synthesized by Ruibo
Biological Company (Guangzhou, China). SiRNA and

mimic sequences are as follows:
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The si-MALATI1-1  sense: 5-GUGAUGAAGGU
AGCAGGCG-3' and antisense: 5-CACUACUUCCAUCG
UCCGC-3'. The si-MALAT1-2 sense: 5- CAGGAUA
AUCAGACCACCA and antisense: 5- GUCCUAUUA
GUCUGGUGGU-3'. The si-MALATI1-3 sense: 5- GAAA
GCGAGUGGUUGGUAA-3" and antisense: 5- CUU
UCGCUCACCAACCAUU-3". The miR-200c-mimics sense:
5'-UAAUACUGCCGGGUAAUGAUGGA-3' and antisense:
5'-UCCAUCAUUACCCGGCAGUAUUA-3". The negative-
control sense: 5- UUUGUACUACACAAAAGUACUG-3'
and antisense: 5'- CAGUACUUUUGUGUAGUACAAA-3'.

After 48 hours of transfection with Lipo3000, transfec-
tion effectiveness was evaluated in Western blots, qRT-
PCR, and other procedures.

Western Blotting Assay

Protein expression was analyzed by Western blotting.
Total protein was extracted using precooled radioim-
munoprecipitation assay buffer (RIPA buffer) with pro-
tease inhibitors (Beyotime, Shanghai, China), and the
protein concentration was determined with bicinchoni-
nic acid (BCA) assay Kkits
China). The proteins were separated by 10% sodium

(Beyotime, Shanghai,
dodecyl sulfate polyacrylamide gel -electrophoresis
(SDS PAGE, at 100 V for 110 minutes and electro-
transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA)). The membranes
were blocked by immersion in 5% skimmed milk for
1 hour at room temperature and then incubated with the
primary antibodies overnight at 4°C. Membranes were
(HRP)-
conjugated secondary goat anti-mouse and anti-rabbit

incubated with horseradish  peroxidase

secondary antibodies for 1.5 hours at 37°C, washed
with Tris-buffered saline-tween, and binding was

visualized by enhanced chemiluminescence (ECL;

Bridgen, #D046). The primary antibodies were
GAPDH (1:2000, Cell Signaling Technology #2118S),
caspase-1  (1:1000, Bioss, bs-10442R), GSDMD

(1:1000, Abcam, ab-219800), NLRP3 (1:1000, Bioss,
bs-10021R), NRF2 (1:1000, Proteintech, 66504-1-Ig),
HO-1 (1:1000, Cell Signaling Technology, #43966).
The secondary antibodies were goat anti-mouse IgG
(H+L) (1:4000, ZSGB-BIO, ZB-2305) and goat anti-
rabbit IgG (H+L; 1:4000, ZSGB-BIO, ZB-2301).
GAPDH was the internal control for quantifying pro-
tein levels by their gray values. Each assay was per-
formed in triplicate.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
Total RNA was extracted with RNA Simple Total RNA Kits
(China Tiangen #DP419) and was reverse-transcribed into
cDNA with Thermo Fisher Revert Aid First Stand cDNA
Synthesis Kits (Invitrogen, #K1622, USA) or Mir-XTM
miRNA First-Strand Synthesis Kits (US Clontech
Laboratories, NOs. 638313). SYBR Premix Ex Taq II
(Japan TAKARA) was used to perform the qRT-PCR assays.
Primer sequences used in the qPCR assays are as follows:
The Caspase-1 forward: 5'-ACAAGGCACGGGACCT

ATG-3" and reverse: 5- TCCCAGTCAGTCCTGG
AAATG-3'. The GSDMD forward: 5'- CCAGCAT
GGAAGCCTTAGAG-3" and reverse: 5- CAGAGT

CGAGCACCAGACAC-3'. The NLRP3 forward: 5'-
GTGTGGATCTTTGCTGCGAT-3" and reverse: 5'-
ACAAATGGAGATGCGGGAGA-3'. The NRF2 forward:
5'- CTTTAGTCAGCGACAGAAGGAC-3' and reverse:
5'- AGGCATCTTGTTTGGGAATGTG-3". The MALAT1
forward: 5- ACGCAGGTGTGGCTTTCCAT-3" and
reverse: 5'- GTCCTCCCTCACCACAATGG-3'. The
miR-200c forward: 5- GCCCGCTAATACTGCCGGGT
AAT-3' and reverse: 5- GTGCAGGGTCCGAGGT-3".
The GAPDH 5'- TGGCCTTCCGTGT
TCCTAC-3’" and reverse: 5- GAGTTGCTGTTGAA
GTCGCA-3'. The U6 forward: 5'- CTCGCTTCGGC
AGCACA-3' 5'-AACGCTTCACGAAT
TTGCGT-3'".

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

or U6 were the internal references, and the contrast CT
(2*AACT

forward:

and reverse:

) method was used to calculate relative mRNA
expression. Each assay was repeated in triplicate.

Immunofluorescence

The expression of caspase-1, NRF2 was evaluated by immu-
nofluorescence. Following experimental treatments such as
HG or transfection and culture for 48 hours, cells were fixed
in precooled 4% paraformaldehyde for 20 minutes, washed
three times with PBS, blocked with 5% bovine serum albu-
min for 1 hour, and incubated with caspase-1 (1:500), and
NRF2 (1:500) antibodies at 4°C overnight. The next day, the
cells were incubated with 488-conjugated AlexaFluor anti-
rabbit IgG and 594-conjugated AlexaFluor 594 anti-mouse
IgG (1:500, ZSGB-BIO) for 2 hours and counterstained with
DAPI with anti-fluorescence quenching. The cells were
observed and photographed with an Olympus inverted fluor-
escence microscope.
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CCK-8 Assay

CCK-8 kits (Dojindo Molecular Technologies, Japan)
were used to assay the inhibition of podocyte pyroptosis
in MPC-5 cells after AT treatment. AT concentrations of 1,
2.5, 5, 10, 15, or 20 umol/L were added after HG treat-
ment to 96-well plates that contained 1000 cells/well. Five
replicate wells were used for each AT sample. After cultur-
ing for 48 h, 10 uL. CCK-8 was added to each well and
incubated for 1-4 h. Absorbance was read at 450 nm with
a microplate reader (iMarkLMicroplate Reader; Bio-Rad,
USA). The most effective AT concentration was deter-
mined from optical density (OD) curves. The assays
were repeated in triplicate.

Detection of MDA, SOD and GSH
Activity

After 48 hours of HG treatment or transfection, cells were
cultured in RPMI-1640 and washed with PBS. Then, fol-
lowing to the kit manufacturer’s instructions, the super-
natant GSH (Nanjing Jianshe, China, A006-2-1), SOD
(built in Nanjing, China, A001-3) and MDA (built in
Nanjing, China, A003-2) level. Each experiment was
repeated in triplicate.

Cell Pyroptosis Detected by Flow

Cytometry Assays

Cells were treated with HG, transfection, or AT for 48 h,
collected and prepared following the kit manufacturer’s
instructions. After washing twice in cold PBS, cells were
suspended in 1x binding buffer (BD Biosciences, San
Diego, California). The suspensions were kept in the
dark for addition of 5 pL fluorescein isothiocyanate
(FITC) Annexin V (BD Biosciences) for 10 min and
5 pL of propidium iodide (PI, BD Biosciences). The
cells were gently agitated and incubated at room tempera-
ture for 15 min in the dark before adding 400 pL 1x
binding buffer. Pyroptosis was assayed by flow cytometry
(FACSCalibur, BD Biosciences). Each assay was repeated
in triplicate.

Statistical Analysis

SPSS 22.0 (IBM Corp. Armonk, NY, USA) was used to
analyze the data. The independent-sample #-test was used
to determine the significance of between-group differ-
ences. P-values of <0.05 indicated statistically significant
differences. GraphPad Prism version 8.0 (GraphPad, IBM,
USA) was used to draw the graphs.

Results
Effects of Culturing Time and Glucose

Concentration on Pyroptosis and OS
Pyroptosis of MPC-5 cells was assayed by the expression
caspase-1 after 12, 24, 36, and 48 h and was the highest
after 48 h of culture in HG (Figure 1A and B). At glucose
concentrations of 10, 20, 30, and 40 mmol/L in 48-hour
cultures, pyroptosis was the highest at 30 mmol (Figure 1C
and D). Western blotting assays of caspase-1, GSDMD,
NLRP3, NRF2 and HO-1 protein expression (Figure 1E
and F) and qRT-PCR assays of caspase-1, GSDMD,
NLRP3, and NRF2 mRNA expression (Figure 1G) showed
that HG upregulated caspase-1, GSDMD and NLRP3, and
downregulated NRF2 expression, consistent with HG-
promotion of cell pyroptosis and increased OS. Results
of the immunofluorescence assays of caspase-1 and
NRF2 expression after 24 hours of HG treatment were
consistent with those obtained by Western blotting and
gqPCR (Figure 1H). These results showed that HG upregu-
lated caspase-1, GSDMD, NLRP3 and downregulated
NRF2, suggesting that HG promoted pyroptosis and OS
induced by HG.

Optimal Concentration of AT

AT has a protective effect on MPC-5 cells, but a high
dose may cause cell death. To determine the optimal
dose of AT, we used the CCK-8 assay to evaluate pyr-
optosis inhibition with AT doses of 1, 2.5, 5, 10 15, and
20 pmol/L and glucose concentration of 30 mmol/L. The
the 2.5 pumol/L
(Figure 2A). We also compared the mRNA expression
of caspase-1 and NLRP3 at HG condition of 30 mmol/L
with AT concentrations of 1 and 2.5 pmol/L by qRT-

inhibition rate was smallest at

PCR. The optimal AT concentration was 2.5 pmol/L
(Figure 2B). Differences in caspase-1, GSDMD,
NLRP3, NRF2 mRNA expression and protein level in
the NG, HG, and AT-treated groups indicated that HG
significantly increased pyroptosis and OS and that the
effects of HG were reversed by AT (Figure 2C-E). Flow
cytometry confirmed that AT alleviated the pyroptosis of
MPC-5 cells (Figure 2F). And as shown in Figure 2G,
the GSH and SOD levels in the HG group decreased, and
the MDA level increased, and the trend was reversed
after the administration of AT. The immunofluorescence
assay results of caspase-1 and NRF2 protein expression
in the NG, HG and HG plus AT groups are shown in
Figure 2H.
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The Knockdown of MALAT | Protected
MPC-5 Cells from Pyroptosis and OS
Induced by HG

As shown in Figure 3A and B, the interference of HG led
to the increase in MALAT1 and miR-200c-3p in MPC-5
cells that were reversed by AT.

We divided MPC-5 cells into five groups: HG + control
(only lipo3000), HG + NC siRNA, HG + MALATI-1
siRNA, HG + MALATI1-2 siRNA, and HG + MALAT1-3
siRNA. Transfection efficiency was the best with the
MALATI-3 siRNA fragment (Figure 3C). Protein and
mRNA expression of caspase-1, GSDMD, NLRP3, NRF2
and miR-200c were assayed after transfection with MALAT1
and showed that both pyroptosis and OS had decreased
compared with controls (Figure 3D-F). The results were
consistent with those obtained by the flow cytometry and
immunofiuorescence (Figure 3G and I). The levels of GSH,
SOD and MDA also verified this trend (Figure 3H).

Interference of miR-200c-3p Suppressed
the Pyroptosis and OS in HG-Induced
MPC-5 Cells

As shown in Figure 4A, pyroptosis, OS and the expression
of MALAT1 increased with the overexpression of miR-
200c at normal glucose concentration of 5 mmol/L. That
trend was confirmed by the Western blotting assay results
(Figure 4B and C), and results of flow cytometry verified
that both levels of OS and pyroptosis increased with the
overexpression of miR-200c (Figure 4D). Upregulation of
miR-200c resulted in the decreased levels of GSH and
SOD and increased levels of MDA (Figure 4E). The
immunofluorescence results were consistent with those
obtained with the other assays (Figure 4F).

Overexpression of NRF2 Had
a Protective Effect on Podocytes Induced

by HG, Unable to Influence the Level of
MALAT | and miR-200c

In order to explore the protective effect of NRF2 on podocytes
stimulated by HG, we divided MPC-5 cells into four groups:
HG + Control, HG + pcDNA-Control, HG+pcDNA-NRF2
and HG+pcDNA-NRF2+AT. The pyroptosis and OS levels of
the NRF2 overexpression were tested by qRT-PCR and
Western blotting assays. It was found that after the overex-
pression of NRF2, the levels of both significantly decreased,
and the application of AT further alleviated the levels of both

(Figure 5A—C). The results of GSH, SOD and MDA also
confirmed this trend (Figure 5D). In Figure 5A, we found that
after overexpressing NRF2, there was no evident difference in
the expression of MALAT1 and miR-200c.

For the purpose of further proving the relationships
among NRF2, MALAT! and miR-200c, we set up HG +
miR-200c mimics + Si-NC and HG+miR-200c mimics + Si-
MALAT1 groups and detected the levels of MALAT1 and
NRF2 by qRT-PCR. We found that the level of MALAT1
decreased and that of NRF2 did not change significantly
(Figure 5E). We also set up HG + pcDNA-MALAT1 +
inhibitor control and HG + pcDNA-MALAT1 + miR-200c
inhibitor groups, and tested the levels of miR-200c and NRF2
by gRT-PCR. It was found that the level of miR-200c
decreased, and the expression of NRF2 did not change sig-
nificantly (Figure 5F).

Pyroptosis and OS Induced by HG are

Reversed by AT

The role of AT in pyroptosis and OS was investigated by
Western blotting in the HG + control, HG + NC siRNA, HG
+ MALAT1 siRNA, HG + MALATI siRNA + AT and NG +
control, NG + NC siRNA mimics, NG + miR-200c mimics,
NG + miR-200c-mimics + AT groups. Both pyroptosis and OS
decreased significantly after the treatment of AT (Figure 6A—
D). Results of flow cytometry confirmed that of Western blot-
ting (Figure 6E and F). The levels of GSH, SOD and MDA are
consistent with results above (Figure 6G and H).

Discussion
DM is one of the most prevalent metabolic diseases world-
wide. It is characterized by hyperglycemia and multiple
organ complications. DM accelerates cell senescence, and
high blood-sugar levels are associated with the occurrence
of cardiovascular and renal diseases.””*® As one of the
chronic complications, DN is a common risk factor, inde-
pendent of kidney and cardiovascular diseases.*'**
Pyroptosis is a lytic form of cell death characterized by
swelling and rupture with release of the cell contents.
Pyroptosis is mediated by Gasdermin-family proteins
including inflammatory factors such as IL-18, IL-1B,*
whose classical pathway depends on the release of cas-
pase-1 promoted by pro-caspase-1 and pattern recognition
receptors (eg, NLRP1, NLRP3, NLRC4, AIM2 and pyrin),
with formation of inflammasomes. GSDMD belongs to the
Gasdermin family. Pro-caspase-1 is activated by apopto-
sis-associated speck-like protein containing a caspase
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Figure 3 The knockdown of MALATI inhibited pyroptosis and OS induced by HG. (A and B) MALATI and miR-200c mRNA were assayed by qRT-PCR. The results
supported the transfection investigation. *P <0.05, **P <0.01, ****P <0.0001. (C) After transfection with MALATI-I, 2, and 3 siRNA, qPCR assay of MALAT| mRNA
expression identified the fragment with the best transfection efficiency. *P <0.05, **P <0.01, ***P <0.001, ns, non significant. (D—F) Pyroptosis and OS were evaluated after
the knockdown of MALAT| by qPCR and Western blotting. *P <0.05, **P <0.01, ***P <0.001, ns, non significant. (G) Pyroptosis after transfection with MALAT| was
analyzed by flow cytometry. ¥***P <0.001. (H) GSH, SOD, and MDA levels were assayed after the transfection of MALATI. *P <0.05, **P <0.01, ****P <0.0001, ns, non
significant. (I) Levels of caspase-1, and NRF2 in cells transfected with MALAT | were assayed by immunofluorescence. |, HG + control; Il, HG + NC siRNA; lll, HG +
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recruitment domain (ASC). Caspase-1 induces the release
of IL-1p and IL-18. The release of intracellular materials
and expanded inflammatory response mediates cell and
tissue damage.>* Pyroptosis is known to occur in
DN.*% OS can also lead to the occurrence of pyroptosis,
with production of reactive oxygen species activating
NLRP3 inflammasomes, indirect activation of caspase-1,
and promotion of IL-1f and IL-18 production that lead to
inflammation and pyroptosis.'**'-*?

It has been reported that HG can affect the expression
of NRF2.**** Mathur et al*’ reported that increased OS in
response to HG influenced signal pathways inhibiting the
NRF2 transcription resulting in oxidative damage, disor-
ders of glucose metabolism, and cell death. Diao et al*®
reported that arginine methylation transferase 5 (PRMTS)
activated NRF2/HO-1 to inhibit OS and pyroptosis, thus
leading to the remission of renal damage. Mu et al*’ found
that that piceatannol (PIC) decreased OS and pyroptosis in
atherosclerosis (AS) via miR-200a/NRF2/GSDMD signal-
ing. The available evidence thus indicates that NRF2 is
involved in the modulation of pyroptosis and OS.

LncRNAs are long noncoding RNAs with a length of
more than 200 nucleotides that are novel biomarkers and
therapeutic target in some human diseases.***’ Recent
studies have reported an association between IncRNAs
and the occurrence and development of DN.%>3
MALATI1, also known as noncoding nuclear-enriched
abundant transcript 2 (NET2), is an IncRNA that is widely
expressed in human tissues and highly conserved in 33
species of mammals. It has also been reported that
MALAT1 plays an important role in DM and its
complications.”**> Li et al’*> found the expression of
MALAT! increased and that of miR-23c decreased in
rats with streptozotocin-induced DM and HG-induced
HK-2 renal tubular epithelial cells. Downregulation of
MALAT1 expression or upregulating miR-23¢ expression
might inhibit pyroptosis, with decreased expression of
NLRP3, caspase-1 and IL-1p, suggesting that downregula-
tion of MALATI inhibits pyroptosis induced by HG.
MiRNAs are noncoding RNAs that regulate gene expres-
sion, for example by inhibiting IncRNAs near target genes
in the cell nucleus.”® The mechanisms of miRNA regula-
tion of target genes need further investigation. MiR-200c,
a member of miR-200 family, is involved in the regulation
of 0S. Carlomosti et al'® found that it was upregulated in
endothelial cells in vitro and was associated with increased
OS damage. Cortez et al’®® reported that miR-200c had
antitumor effects that were mediated by targeting NRF2,

but Li et al found that the combination of miR-200c and

MALAT1 was associated with increased migration and
invasiveness of endometrial cancer.'”’

In this study, the expression of caspase-1 and
GSDMD, key promoters of pyroptosis, and NRF2
NLRP3, which participate in the process of OS, all chan-

ged in podocytes cultured in HG condition, with corre-

and

sponding surging of pyroptosis and OS. The expression
of HO-1, the only downstream protein of NRF2, also
decreased. We found that AT partially alleviated the
changes in OS and pyroptosis induced by HG. HG also
of MALAT1 and miR-200c.
Transfection studies found that the knockdown of
MALATI alleviated pyroptosis and OS in cultured podo-

cytes in response to HG. Overexpression of miR-200c in

upregulated levels

transfected cells cultured at normal glucose concentra-
tions promoted cell pyroptosis and OS. However, the up-
regulation of NRF2 alleviated pyroptosis and OS induced
by HG. Furthermore, we found that after down-regulating
MALAT]I, the level of miR-200c decreased and the level
of NRF2 increased; after overexpression of miR-200c,
the level of MALATI1 increased, while the level of
NRF2 decreased; after overexpression of NRF2, the
levels of MALAT1 and miR-200c¢ remained unchanged.
In addition, we overexpressed miR-200c on the basis of
knocking down MALATI, and the level of NRF2 did not
change, while knocking down miR-200c after upregulat-
ing MALATI1 did not change the level of NRF2. These
confirmed that after down-regulation of MALATI, even
if miR-200c was overexpressed, the level of NRF2 did
not change. And after up-regulating MALAT1, without
the participation of miR-200c, the expression of NRF2
did not change significantly. These hinted that after up-
regulating MALAT1, the expression of NRF2 did not
change without the participation of miR-200c. These
above suggested that MALAT1 regulates the expression
of NRF2 through miR-200c, NRF2 as
a downstream factor cannot interfere with the expression
of MALAT1 and miR-200c. Besides, AT after transfec-
tion partially alleviated OS and pyroptosis.

while

Based on the study results, we believe that podocytes
undergo pyroptosis and OS due to HG. If glucose meta-
bolism is disturbed, interaction of MALAT1, miR-200c,
and NRF2 takes part in the regulation of the pathogenesis
of OS-related podocyte pyroptosis. AT can reduce renal
OS and pyroptosis under HG conditions, which may be
mediated by the MALAT1/miR-200c/NRF2 axis.
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The innovation of our research is the first study of
atorvastatin regulating high glucose-induced mouse podo-
cyte pyroptosis and oxidative stress through MALAT1/
miR-200c/NRF2 in order to explore the pathogenesis of
DN, however, some shortcomings still exist. First of all,
our research pathway is currently limited to cell experi-
ments, which is not involved in animal models and clinical
cases. Secondly, our research did not focus on the relation-
ships between high glucose-induced podocyte oxidative
stress and pyroptosis. For example, we did not interfere
with the key factor of oxidative stress, NLRP3, to detect
the effects on pyroptosis and this regulatory axis. This may
become a deficiency in our experimental design. In fact,
the occurrence and development of pyroptosis, oxidative
stress, LncRNA, miRNA and DN have constituted a huge
regulatory network. So as to explain the specific pathogen-
esis of DN, more research is needed to explore the genetic
regulatory network of DN.

In conclusion, we found that MALATI1/miR-200c/
NRF2 was involved in the regulation of pyroptosis and
OS in podocytes. HG promoted pyroptosis, and OS and
AT alleviated those effects via the same axis. Studies of
LncRNAs may confirm their involvement in disease
mechanisms. MALAT1 and NRF2 play an important role
in the pyroptosis that occurred in DN and increased under-
standing of significance for the diagnosis and treatment
of DN.
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