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ABSTRACT

Diabetic nephropathy is a microvascular complication that leads to renal injury. Oxymatrine
(OMT) is a matrine alkaloid and has been shown to ameliorate diabetic nephropathy. However, it
is still unknown whether its mechanism involves podocytes, which play a critical role in diabetic
nephropathy.

High glucose-induced podocytes (MPC5) were treated with OMT, the NOD-like receptor
protein 3 (NLRP3) inhibitor MCC950, and the sirtuin 1 (SIRT1) inhibitor EX527. The effects on
podocyte proliferation and apoptosis were assessed using cell counting kit-8 and flow cytometry.
Immunofluorescence staining was performed to detect the expression of podocyte-associated
proteins, NLRP3 inflammasome, and SIRT1. The levels of interleukin (IL)-18 and IL-18 were
measured by enzyme-linked immunosorbent assay. Additionally, Western blot analysis was
conducted to evaluate podocyte-related proteins, NLRP3 inflammasome-dependent pyroptosis-
related proteins, and SIRT1/nuclear factor kappa B (NF-»B) pathway proteins, aiming to elucidate
the mechanisms by which OMT improves podocyte injury.

OMT significantly promoted the proliferation of podocytes exposed to high glucose, inhibited
their apoptosis, increased the levels of nephrin, Wilms tumor 1, podocin, and zonula occludens-1,
and reduced pyroptosis-related proteins, IL-1B, and IL-18 (»p<0.05). It also increased SIRT1 and
decreased the acetylation of NF-»B p65 (p<0.05). The NLRP3 inhibitor MCC950 reduced podocyte
pyroptosis under high glucose conditions, while the SIRT1 inhibitor EX527 reversed the protective
effects of OMT on NLRP3 inflaimmasome-dependent pyroptosis and podocyte injury.

OMT ameliorates high glucose-induced podocyte injury by regulating the SIRT1/NF-»B
pathway and inhibiting NLRP3 inflammasome-dependent pyroptosis.
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INTRODUCTION

Diabetic nephropathy (DN) is caused by diabetic
microangiopathy. The clinical features are characterized
by impaired glomerular filtration function, podocyte
injury.t At present, the clinical treatment of DN includes
blood pressure and blood glucose control, as well as
therapies aimed at reducing albuminuria. However,
these strategies will only slow the progression. As the
core barrier of the glomerular filtration membrane,
podocyte injury can lead to the occurrence of
proteinuria, which is the key link to cause and aggravate
DN. Hyperglycemia can cause an inflammatory
response in podocytes and further induce podocyte
apoptosis.? The decrease in the number of podocytes
causes glomerular filtration dysfunction and reduces
renal function.® Therefore, for the treatment of DN,
alleviating hyperglycemia-triggered podocyte injury is
considered essential.

Oxymatrine (OMT) is a kind of matrine alkaloid
from Sophora flavescens, which has antifibrosis,
antioxidative, metabolic regulation, and other
pharmacological effects.*” OMT can protect blood
vessels through the sirtuin 1 (SIRT1)/Nrf2 pathway to
inhibit NOD-like receptor protein 3 (NLRP3).% It can
also improve endothelial cell injury and ulcerative colitis
by inhibiting NLRP3-mediated pyroptosis.®® At the
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same time, studies have found that OMT is helpful for
the treatment of DN, which can improve DN by reducing
tubulointerstitial fibrosis.'12 However, little is known
about whether it can improve podocyte injury.

Inflammatory response is a hot topic in DN.
Pyroptosis is a kind of programmed cell death
accompanied by a severe inflammatory response, which
is characterized by the formation of the NLRP3
inflammasome, and the release of interleukin (IL)-1B
and 1L-18.24 High glucose activates the NLRP3
inflammasome, causing pyroptosis damage to kidney
tissue cells.’> As the final barrier of the glomerular
filtration membrane, podocyte injury is the core event of
DN. Exploring the mechanism of podocyte injury, the
key node of DN injury is essential for early intervention
and treatment of DN. Therefore, regulating podocyte
pyroptosis can be used as an important target to improve
DN renal injury.

Based on the above, we speculate that OMT may
improve podocyte injury by inhibiting NLRP3
inflammasome-mediated pyroptosis, thereby improving
DN. By establishing an MPC5 cell injury model
inhibited by NLRP3 and SIRT1, podocyte-related
proteins, pyroptosis-related proteins, and pathways were
investigated to provide an experimental basis for OMT
for the clinical treatment of DN.

OoMT

NF-xB MPCS5 cell

NF-xB

|

NLRP3

ASC Pro-caspase-1

;

Activated
caspase-1

—

GSDMD IL-1B

IL-18

Graphical Abstract. Oxymatrine (OMT) attenuates high glucose-induced NOD-like receptor protein 3 (NLRP3)
inflammasome-dependent pyroptosis and injury in podocytes by regulating the sirtuin 1 (SIRT1)/nuclear factor kappa B

(NF-xB) pathway.
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MATERIALS AND METHODS

Cell Culture and Treatment

The immortal mouse podocyte cell line MPC5 was
purchased from Wuhan Qisai Biotechnology Co., Ltd.
(QS-M014, Wuhan, China). 10% fetal bovine serum
(S9020, Solarbio, Beijing, China), 1% penicillin-
streptomycin solution (P7630, Solarbio, China), and 10
IU/mL interferon (IFN)-y (300-02, PeproTech,
Cranbury, New Jersey, USA) were added to Dulbecco's
Modified Eagle Medium (DMEM) low-glucose medium
(31600, Solarbio, China). MPC5 cells were placed in
this medium and subcultured at 37°C and 5% CO2. The
cells were cultured in an IFN-y—free medium for 14 days
(37°C, 5% COy) to promote cell differentiation. When
the density was higher than 80%, it was used for
subsequent experiments.

MPCS5 cells were processed with 30 mM glucose
(G8150, Solarbio, China, high glucose, HG) to establish
a DN model, with 5.6 mM glucose (normal glucose, NG)
as the normal group. To test the influences of OMT
(B21470, source leaf, Shanghai, China) and NLRP3
inhibitor MCC950 (IM1340, Solarbio, China) on MPC5
cell injury, cells were processed with 2 uM, 4 uM, 8 uM
OMT, and 10 pM MCC950 for 1 hour, and then induced
by HG for 48 hours. To test the effect of SIRT1 inhibitor
EX527 (10009798, cayman, Ann Arbor, Michigan,
USA) on MPCS5 cell injury, cells were processed with 8
UM OMT + 1 uM EX527 for 1 hour, and then induced
by high glucose for 48 hours.

Cell Counting Kit-8 (CCK-8)

MPCS5 cells were seeded in 96-well plates at 1x10*
cells/well. Each well was marked, and the corresponding
culture medium and drug of 200 pL were added to each
well. Each group was set up with 3 duplicate wells, and
the cell incubator was incubated for 24 hours. 20 pL
CCK-8 working fluid (CA1210, Solarbio, China) was
added to each well and gently shaken and mixed. The
fully mixed cells were incubated for 2 h. The absorbance
of the microplate reader (1410101, Thermo Fisher
Scientific, Waltham, MA, USA) was set to 450 nm to
detect the OD value.

Flow Cytometry

Podocytes were digested with a trypsin digestion
solution (T1350, Solarbio, China). The supernatant was
discarded. About 1x106 cells were collected from each
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group, and 500 pL Binding Buffer was added. After
repeated blowing and beating, 5 pL. Annexin V-FITC
and PI were added and mixed. The cells were placed in
the darkroom for 10 min, and then the apoptosis was
detected by flow cytometry (2010284AA, Agilent, Santa
Clara, CA, USA) and the apoptosis rate was calculated.

Enzyme-Linked Immunosorbent Assay

The cells were collected after 48 h of intervention,
and the supernatant was obtained by low-temperature
centrifugation (12000 r/min). IL-1p and IL-18 were
tested according to the operation steps of ELISA Kits
(SEKH-0002, SEKH-0028, Solarbio, China).

Immunofluorescence

MPC5 cells were fixed in 4% paraformaldehyde
(P1110, Solarbio, China), permeabilized with TBS
(T1080, Solarbio, China) solution containing 0.25%
Triton X-100 (IR9073, Solarbio, China), blocked with
5% BSA (SW3015, Solarbio, China) for 1 hour, and then
incubated with primary antibodies SIRT1 (1:100,
Abcam, Cambridge, UK), NLRP3 (1:50, Abcam, UK),
Nephrin (1:200, Abcam, UK) and podocin (1:200,
Abcam, UK) overnight. The cells were incubated with a
secondary antibody (1:5000, GB21303, Servicebio,
Wuhan, China) for 1 hour. After adding the fluorescence
quencher dropwise, the coverslips were covered and
photographed under a fluorescence microscope (MF52-
N, Guangzhou Ming-Mei Technology Co., Ltd,
Guangdong, China).

Western Blot

After the cell samples were collected, the
supernatant was obtained by full lysis. The BCA Kit
(PC0020, Solarbio, China) was used to determine
protein concentration. gel preparation, electrophoresis,
and protein transfer to the polyvinylidene fluoride
(PVDF) membrane (YA1700, Solarbio, China). The
cells were incubated with 5% skimmed milk powder
(LP0033B, Solarbio, China) for 2 h. Nephrin (ab235903,
1:1000, Abcam, UK), zonula occludens 1 (ZO-1,
ab307799, 1:1000, Abcam, UK), Wilms tumor 1 (WT1,
ab267377, 1:1000, Abcam, UK), NLRP3 (ab270449,
1:1000, Abcam, UK), podocin (ab181143, 1:2000,
Abcam, UK), nuclear factor kappa B (NF-xB) p65
(ab288751, 1:1000, Abcam, UK), apoptosis-associated
speck-like protein (ASC, ab283684, 1:1000, Abcam,
UK), p-NF-xB p65 (ab76302, 1:1000, Abcam, UK),
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cysteinyl aspartate specific proteinase (Caspase)-1 p20
(ab207802, 1:1000, Abcam, UK), SIRT1 (ab189494,
1:1000, Abcam, UK), gasdermin D(GSDMD)-N
(ab215203, 1:1000, Abcam, UK), and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (TA-08, 1:1000,
ZSGB-BIO, Beijing, China) were added and incubated
in a refrigerator. On the second day, Tris-Buffered
Saline with Tween-20 (TBST) buffer (T1082, Solarbio,
China) was washed and a secondary antibody (1:20000,
Abcam, UK) was added and incubated for 1 hour. TBST
buffer was washed 5 times, 5 minutes each time.
Enhanced chemiluminescence (ECL, PE0010, Solarbio,
China) reagent was used to react for 2 to 3 minutes, and
then the Tanon 5200 Multi  automatic
chemiluminescence imaging system (Tanon 5200 Multi,
Shanghai Tianneng Technology Co., Ltd., Shanghai,
China) was used for imaging.

Statistical Analysis

All data were expressed as mean =+ standard
deviation. Statistical analysis and image drawing were
performed using GraphPad 9.0. Student's t test was used
to analyze the difference between the 2 groups, and One-
way analysis of variance (ANOVA) was used to
compare multiple groups. p<0.05 was considered
statistically significant.

RESULTS

OMT Attenuates High Glucose-induced MPC5 Cell
Injury

We first analyzed the survival rate of podocytes, the
cell viability of the HG group declined markedly. OMT
at concentrations of 2, 4, and 8 uM could significantly
reverse the decrease of cell viability induced by HG. At
the same time, compared with the NG group, OMT alone
did not affect cell viability (p<0.05; Figure 1A),
suggesting that OMT had no toxic effect on podocytes
and improved podocyte injury. At the same time, the
apoptosis rate of podocytes increased, and the apoptosis
rate declined after 2, 4, and 8 uM OMT treatment
(p<0.05; Figure 1B-C). Then we analyzed podocyte-
related proteins, nephrin, podocin, WT1, and ZO-1
proteins in the HG group were markedly decreased, and
the protein expression levels increased after 2, 4, and 8
UM OMT treatment (p<0.05; Figure 1D—E). At the same
time, the immunofluorescence experiments of nephrin
and podocin also illustrated this result (p<0.05; Figures
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1F—H). In conclusion, OMT alleviates high glucose-
induced MPC5 cell damage.

NLRP3 Inflammasome-dependent  Pyroptosis
Mediates High Glucose-induced MPC5 Cell Injury

In  order to confirm whether NLRP3
inflammasome-dependent pyroptosis is involved in
podocyte injury, we cocultured MPC5 cells with the
NLRP3 inhibitor MCC950. NLRP3 was significantly
upregulated, while NLRP3 in the HG+MCC950 group
was reduced (p<0.05; Figure 2A-B), indicating that
NLRP3 was significantly activated under HG
conditions. Then we used Western blot to detect
pyroptosis-related proteins. The experimental results
showed that NLRP3, ASC, Caspase-1 p20, GSDMD-N,
IL-1pB, and IL-18 were markedly elevated, while in the
HG+MCC950 group, they were significantly reduced
(p<0.05; Figure 2C—I), suggesting that the inflammatory
environment was enhanced under HG conditions.
Combined with the results of Figures 2J-L, the cell
viability was significantly raised, and the apoptosis rate
of podocytes was reversed in the HG+MCC950 group
(p<0.05), indicating that podocytes under the action of
HG were accompanied by programmed cell death of
severe inflammatory response. In summary, NLRP3
inflammasome-dependent pyroptosis mediates HG-
induced MPC5 cell damage.

OMT Attenuates HG-induced MPCS5 Cell Injury by
Inhibiting NLRP3 Inflammasome-dependent
Pyroptosis

In order to verify that OMT can reduce podocyte
injury through NLRP3 inflammasome, we detected
pyroptosis-related proteins, the NLRP3, ASC, Caspase-
1 p20, and GSDMD-N were elevated, and reduced after
2,4, and 8 uM OMT treatment (p<0.05; Figure 3A-E).
The contents of IL-1B and IL-18 were significantly
higher (p<0.05; Figure 3F-G) and reduced significantly
after OMT treatment. Taken together, OMT alleviates
HG-induced MPC5 cell damage by inhibiting NLRP3
inflammasome-dependent pyroptosis.
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Figure 1. Oxymatrine (OMT) attenuates high glucose (HG)-induced MPCS5 cell injury

A: MPCS5 cells induced by HG were treated with 2, 4, and 8 uM OMT, respectively, and the proliferation of MPC5 cells under
different treatment conditions was tested by cell counting kit-8 (CCK-8). B—C: The apoptosis level of MPC5 cells was tested by
flow cytometry. D—E: Nephrin, podocin, Wilms tumor 1 (WT1), and zonula occludens-1 (ZO-1) were detected by Western blot.
F—H: Nephrin and podocin were detected by immunofluorescence. *p<0.05 vs NG group; § p<0.05 vs HG group.
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Figure 2. NOD-like receptor protein 3 (NLRP3) inflammasome-dependent pyroptosis mediates high glucose (HG)-induced
MPCS cell injury.

A-B: HG-induced MPC5 cells were treated with 10 uM NLRP3 inhibitor MCC950, and NLRT3 was detected by
immunofluorescence. After the application of MCC950, NLRT3 declined compared with the HG group. C-G: NLRTS3,
apoptosis-associated speck-like protein (ASC), cysteinyl aspartate specific proteinase (Caspase)-1 p20, and gasdermin D
(GSDMD)-N were detected by Western blot, which was significantly reduced after the application of MCC950. H-I: interleukin
(IL)-1p and TL-18 were tested by enzyme-linked immunosorbent assay (ELISA). The content of proinflammatory factors was
significantly decreased after MCC950 treatment. J: cell counting kit-8 (CCK-8) was used to test the proliferation. The cell
viability increased after the application of MCC950. K-L: Flow cytometry was used to test the apoptosis level. The apoptosis
rate of the MCC950 group was decreased. *p<0.05 vs NG group; § p<0.05 vs HG group.

Vol. 24, No. 2, April 2025 Iran J Allergy Asthma Immunol/ 203
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

H. Ouyang, et al.

A - 10 B 0.8 c 1.0 * D 12
s 5 - _
> * e T 2 *
2 o8 T & T 2508 H T
o 5 £ 08 § =a § =509
8 0s i s T B og T sg §
S 2 o4 § e 2 g6 T
2 04 § ag T gg § ag " 5
g< = g~ 5 g gt T 28 -
3 02 -,- g 02 T £8 42 § £< 03 5
& - & — T = ° -
0.0 T T g: QI‘ ‘; 0.0 T T T T T @ 0.0 T T T T T & 0.0 T T T T T
e o ¢ @
¥ F§ L€ ..L? & & £ © 8 h\;“‘ & R w"“ &
S 3 & v &® v &
& & & & s & & S § & &
A & G G L 0 L L O O
L EEFE FEE FFE
NLRP3 — e — 118kD
250 200
*
AsC —_ 2D Em Tos B T
B 150 . 3 §
= T £ 100 T §
Caspase-1 p20 et -] 20KD = 100 ? = T
4 = s0 s
= s T = -
GSDMD-N e S — — w—— 32kD 0 T T r . r r T T - -
€ «'b‘i‘b «’Q“‘ «‘5\“ € e «"’Q“ «‘Q“ «"Qe
S o & & &
GAPDH o e s sy s 37kD Ks) K Ks) c,“0 Ks) Ko
S SR A

w e W « = & o
N

Figure 3. Oxymatrine (OMT) attenuates high glucose (HG)-induced MPCS5 cell injury by inhibiting NOD-like receptor
protein 3 (NLRP3) inflammasome-dependent pyroptosis. A—E: MPCS5 cells induced by HG were treated with 2, 4, and 8 uM
OMT, respectively. NLRT3, apoptosis-associated speck-like protein (ASC), cysteinyl aspartate specific proteinase (Caspase)-
1 p20, and gasdermin D (GSDMD)-N were tested by Western blot. F-G: interleukin (IL)-1p and IL-18 were tested by
enzyme-linked immunosorbent assay (ELISA). *p<0.05 vs NG group; § p<0.05 vs HG group.

The Effect of OMT on SIRT1/NF-kB Pathway

To verify the effect of the SIRT1/NF-xB pathway
on podocyte injury, we used immunofluorescence and
Western blot techniques. SIRT1 in the HG group was
obviously reduced, and p-NF-xB p65 was notably
higher. After OMT treatment, the level of SIRT1 was
markedly elevated, and p-NF-xB p65 protein was
lowered (p<0.05; Figure 4A-E). At the same time,
SIRT1 inhibitor EX527 was given to verify the
SIRT1/NF-kB pathway. After giving the inhibitor,
SIRT1 notably declined, and p-NF-«B p65 protein was
significantly increased (p<0.05; Figure 4F-H),
suggesting that OMT can regulate podocyte injury
induced by activating SIRT1 to inhibit p-NF-xB p65
protein.

Inhibition of SIRT1 Expression Reversed the
Inhibitory Effect of OMT on NLRP3 Inflammasome-
Dependent Pyroptosis

In order to verify whether SIRT1 has an effect on
NLRP3 inflammasome-dependent pyroptosis, we
detected NLRP3 inflammasome pyroptosis-related
indicators after giving SIRT1 inhibitor EX527. NLRP3,
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ASC, Caspase-1 p20, and GSDMD-N were upregulated
and lowered after OMT treatment (p<0.05; Figure 5A-
E), and significantly recovered after the administration
of SIRT1 inhibitor EX527. In Figure 5F-G, IL-1p and
IL-18 elevated significantly, the HG+OMT group
decreased significantly, and the HG+OMT+EX527
group rebounded significantly (p<0.05). The above
results indicate that inhibition of SIRT1 expression
reverses the inhibitory effect of OMT on NLRP3
inflammasome-dependent pyroptosis. In other words,
OMT can regulate HG-induced NLRP3 inflammasome-
dependent pyroptosis in podocytes by regulating the
SIRT1/NF-«B pathway.
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Figure 4. The effect of Oxymatrine (OMT) on sirtuin 1 (SIRT1)/nuclear factor kappa B (NF-kB) pathway.

A-B: MPCS5 cells induced by high glucose (HG) were treated with 2, 4, and 8 uM OMT, respectively, and SIRT1 in MPCS5 cells
was detected by immunofluorescence. C—E: SIRT1, Acetylation of NF-kB (Ac)-p65, and p65 were detected by Western blot.
F—H: HG-induced MPCS5 cells were treated with 8 uM OMT and 8 uM OMT + 1 uM SIRT1 inhibitor EX527. SIRT1, Ac-p65,
and p65 were detected by Western blot. SIRT1 was decreased and Ac-p65 was significantly increased after application of
EX527. *p<0.05 vs NG group; § p<0.05 vs HG group; #p<0.05 vs HG + OMT group.
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Figure 5. Inhibition of sirtuin 1 (SIRT1) expression reversed the inhibitory effect of Oxymatrine (OMT) on NOD-like receptor

protein 3 (NLRP3) inflammasome-dependent pyroptosis.

A—E: High glucose (HG)-induced MPC5 cells were treated with 8 uM OMT and 8 uM OMT + 1 uM SIRT1 inhibitor EX527.
NLRT3, apoptosis-associated speck-like protein (ASC), cysteinyl aspartate specific proteinase (Caspase)-1 p20, and gasdermin
D (GSDMD)-N were detected by Western blot. The visible protein increased after the application of EX527 compared with
OMT alone. F=G: Interleukin (IL)-1p and IL-18 were tested by enzyme-linked immunosorbent assay (ELISA). The content of
proinflammatory factors increased after the application of EX527. *p<0.05 vs NG group; § p<0.05 vs HG group; #p<0.05 vs

HG + OMT group.

Inhibition of SIRT1 Expression Reversed the
Protective Effect of OMT on HG-induced MPC5 Cell
Injury

To further verify the effect of SIRT1 on podocyte
injury, we detected podocyte injury-related indicators
after giving the SIRT1 inhibitor EX527. The cell
viability of the HG group was reduced, and the apoptosis
rate of podocytes increased. It was reversed in the
HG+OMT group, but the viability of podocytes was
lowered in the HG+OMT+EX527 group (p<0.05;
Figure 6A—C). Nephrin, podocin, WT1, and ZO-1 in the
HG group were decreased, which were elevated in the
HG+OMT  group, but decreased in the
HG+OMT+EX527 group (p<0.05; Figure 6D—H),
indicating that inhibition of SIRT1 expression reverses
the improvement of OMT on HG-induced cell injury.
Combined with the above results, it is fully proved that
OMT can inhibit HG-induced NLRP3 inflammasome-
dependent pyroptosis of podocytes by regulating the
SIRT1/NF-kB pathway to improve cell injury.
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Figure 6. Inhibition of sirtuin 1 (SIRT1) expression reversed the protective effect of Oxymatrine (OMT) on high glucose

(HG)-induced MPCS5 cell injury

A: MPCS5 cells induced by HG were treated with 8 pM OMT and 8 pM OMT + 1 pM SIRTL1 inhibitor EX527, and the
proliferation of MPCS5 cells was tested by cell counting kit-8 (CCK-8). B—C: The apoptosis level of MPCS5 cells was tested by
flow cytometry, and the apoptosis rate was increased after the application of EX527 compared with OMT alone. D—-H: NOD-
like receptor protein 3 (NLRT3), apoptosis-associated speck-like protein (ASC), cysteinyl aspartate specific proteinase
(Caspase)-1 p20, and gasdermin D (GSDMD)-N in MPCS5 cells were detected by Western blot. Visible protein was decreased
after the application of EX527 compared with OMT alone. *p<0.05 vs NG group; § p<0.05 vs HG group; #p<0.05 vs HG +

OMT group.

DISCUSSION

DN is a disease of microvascular disease caused by
persistent hyperglycemia in diabetes,*® and there is a
lack of effective molecular intervention targets and
means. Its treatment is still based on comprehensive
symptomatic treatment. The drug treatment of DN is still
unable to improve the long-term prognosis of most
patients, and it is also unable to improve the process of
DN injury in the early stages. Therefore, we urgently
need to find effective molecular intervention methods.

Podocytes are terminally differentiated cells that
provide structural support for glomeruli. They are
composed of 3 parts: cell body, primary protrusion, and
foot process. They are essential for maintaining a
complete glomerular filtration barrier. Furthermore, they
can be destroyed due to genetic, drug, infection, and

Vol. 24, No. 2, April 2025

other incentives, and their regeneration and repair
capabilities are limited. Therefore, podocyte injury is
considered to be a permanent lesion.*”*® Podocin and
nephrin are the marker proteins of the podocyte slit
diaphragm. They are important for maintaining the
integrity of podocyte structure and function. The
downregulation of their expression indicates that
podocyte function is impaired, and the permeability of
the glomerular filtration membrane is increased.'® The
normal work of podocytes depends on the maintenance
of cytoskeleton proteins. ZO-1 can maintain the integrity
of the podocyte filtration membrane. The loss of ZO-1-
specific expression will damage the formation of the slit
diaphragm.?® WT1 is a specific marker protein of mature
podocytes. The change in WT1 expression can reflect
the degree of podocyte injury and can be used as a
marker for podocyte counting.?
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In this experiment, the survival rate of podocytes in
the HG group was significantly declined, the apoptosis
rate was significantly elevated, and the podocyte-related
proteins podocin, nephrin, WT1, and ZO-1 were also
significantly decreased, indicating that the quantity and
density of podocytes were reduced. After OMT
treatment, podocin, nephrin, WT1, and ZO-1 were
markedly recovered. These results suggest that OMT
attenuates HG-induced podocyte injury.

DN is associated with pyroptosis.?2?® Pyroptosis is
a cell death closely related to inflammatory processes
that have been discovered and confirmed.?* At present,
the study of the pyroptosis pathway mediated by the
NLRP3 inflammasome has attracted the most attention.
NLRP3 inflammasome is important for inflammation.?
As an immunosensor, it can detect a variety of microbial
and host-derived signals, and its activation needs to start
and activate 2 processes.?®?’ In the initiation stage,
microbial molecules or endogenous cytokines trigger
NLRP3 through NF-«xB, and NLRP3 is assembled into
the NLRP3 inflammasome complex, which can induce
pyroptosis. NLRP3 inflammasome is activated to
promote ASC expression, regulate the hydrolysis of pro-
Caspase-1 activation to form Caspase-1, and then
convert releases IL-1p and 1L-18 to the extracellular. At
the same time, it will cause cell rupture, and release of a
large amount of content, triggering an inflammatory
cascade, inducing the body to cause excessive
inflammatory response and tissue damage, and
aggravating the pathological process of DN.28-3!

Caspase-1 has been shown to regulate GSDMD-
mediated pyroptosis.®?3® The Caspase-1 activation
cleaves GSDMD to form GSDMD-N, which binds to
phosphoinositide and cardiolipin to form pores and
release proinflammatory factors, causing cell lysis and
death,3* inducing pyroptosis.3* Therefore, GSDMD-N is
the executor of pyroptosis and has been considered an
important indicator for evaluating pyroptosis.® At the
same time, pyroptosis is accompanied by the formation
of inflammatory waterfalls.3

In this study, we detected that NLRP3, ASC,
Caspase-1 p20, and GSDMD-N in the HG group were
significantly elevated, and the contents of IL-1p and IL-
18 were also significantly upregulated, indicating that
pyroptosis occurs in podocytes, and OMT can
significantly reverse podocyte apoptosis. At the same
time, we applied the NLRP3 inhibitor MCC950 to HG-
induced podocytes. Podocytes treated with inhibitor
MCC950 significantly increased cell viability. The
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pyroptosis-related proteins were notably decreased, and
IL-1B and IL-18 were also significantly lowered. In
summary, OMT can alleviate HG-induced podocyte
injury.

Inflammation is a pathological feature of most
kidneys and can lead to glomerulosclerosis, tubular
atrophy, vascular damage, and fibrosis.¥” The
inflammatory response participates in the pathogenesis
of DN.%8 SIRT1 is a member of the deacetylase family.
SIRT1 regulates gene expression by deacetylating lysine
residues of various proteins. In recent years, DN has
been closely related to the SIRT1 pathway.® HONG et
al found podocytes and SIRT1 protein expression
decreased in DN.*! The podocyte injury was negatively
correlated with SIRT1.“2 SIRT1 can be negatively
regulated by long noncoding RNA (IncRNA). By
upregulating SIRTL, it can activate mitophagy and
improve podocyte injury.*?

However, most of the views believe that the
mechanism of SIRT1 inhibiting inflammatory response
is related to the inhibition of inflammatory pathways.
Among them, the most studied is the inhibitory effect of
SIRT1 on the NF-kB signaling pathway.** In recent
years, the NF-kB p65 subunit itself has needed a series
of modifications to exert its function as a transcription
factor, and acetylation modification is 1 of the most
important modification pathways.*® SIRT1 can reduce
NF-kB, which may prevent the occurrence of an
inflammatory response.*® It can be speculated that
SIRT1 expression can inhibit p-NF-xB p65 to inhibit the
inflammatory response, delay renal injury, and treat DN.

In order to detect whether the SIRT1/NF-xB
pathway participated in the treatment of DN, we
detected SIRT1 and NF-«B in this experiment. It was
found that OMT significantly increased SIRT1 protein
and decreased NF-xB protein. We used the SIRTI
inhibitor EX527 and found that SIRT1 protein was
significantly decreased and NF-xB protein was
significantly increased after treatment with inhibitor
EX527. NLRP3, ASC, Caspase-1 p20, and GSDMD-N
were significantly decreased; IL-1f and IL-18 were also
significantly decreased; and the podocyte survival rate
was notably decreased, indicating that the inhibition of
SIRT1 expression reversed the inhibitory effect of OMT
on NLRP3 inflammasome-dependent pyroptosis. The
protein expression levels of podocyte-related proteins
podocin, nephrin, WT1, and ZO-1 were significantly
increased, indicating that inhibition of SIRT1 expression
reversed the improvement of OMT on HG-induced
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MPC5 cell injury. Combined with the results of this
study, we can fully and reasonably believe that OMT can
promote NF-«kB p65 deacetylation by activating SIRT1
and inhibit HG-induced NLRP3 inflammasome-
dependent pyroptosis of podocytes to improve cell
damage.

We evaluated the therapeutic effect of OMT on
HG-induced podocytes. OMT regulates the NLRP3
inflammasome through the SIRT1/NF-xB pathway,
inhibits pyroptosis-related proteins, promotes podocyte-
related proteins such as nephrin and podocin, and
reduces HG-induced podocyte injury. This study
provides a reliable reference for targeted therapy and
drug screening of podocyte injury. However, there are
still some limitations in this study, and the safety and
efficacy of OMT in clinical application need to be
further evaluated.
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