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Abstract

Protection of podocytes is one of the important means to delay the progression of Key Words

diabetic nephropathy (DN), and glucagon-like peptide-1 (GLP-1) has been shown to have > liraglutide

a protective effect on the kidney in DN models, but whether it has a protective effect on » diabetic nephropathy
podocytes and the potential mechanisms of action remain largely unknown. In the present » podocytes

study, we established a type 2 diabetes mellitus (T2DM) mouse model by high-fat diet > glucagon-like peptide-1
feeding combined with streptozotocin (STZ) induction and administered the intervention receptor

for 14 weeks. We found that liraglutide significantly ameliorated podocyte injury in DN > pyroptosis

mice. Mechanistically, we detected glucagon-like peptide-1 receptor (GLP-1R) protein
expression levels in kidney tissues by immunohistochemical staining, immunofluorescence
staining, and western blotting and found that podocytes could express GLP-1R and
liraglutide treatment could restore GLP-1R expression in the kidney tissues of DN mice.
Furthermore, we found that NLRP3-induced inflammation and pyroptosis were positively
correlated with podocyte injury in DN mice, and liraglutide inhibited the expression of
NLRP3-induced inflammation and pyroptosis-related proteins. Our results suggest that

liraglutide protects DN mouse podocytes by regulating GLP-1R in renal tissues and by

regulating NLRP3-induced inflammation and pyroptosis.
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Introduction

Diabetic nephropathy (DN) is one of the microvascular
complications of diabetes, and according to the
International Diabetes Federation, the number of people
with diabetes is expected to exceed 780 million by 2045
(1). Diabetic nephropathy has become the leading
cause of chronic kidney disease and end-stage renal
disease (ESRD) worldwide in recent years, and with its
high mortality rate, it is a major burden on health care
worldwide (2). The classical albuminuric phenotype of
diabetic nephropathy (DN) is mainly due to damage
to glomerular podocytes (3). Podocytes, the highly
specialized glomerular epithelial cells,
glomerular basement membrane (GFB) together with the
fenestrated endothelium and the glomerular basement
membrane (3, 4, 5). Podocyte injury is an early event

form the

in the development of DN (6), and the loss and fusion
of podocytes can be observed in the early stages of DN
(7). Podocytes have a limited proliferative capacity, and
the loss of more than 20% of podocytes represents an
irreversible alteration in DN pathogenesis, leading to
glomerular scar formation and ESRD progression (8,
9). In-depth investigation of the damage process of
podocytes and protection of podocytes are important
tools for the treatment of glomerular diseases and key
targets for the prevention and treatment of glomerular
diseases (10, 11).

Glucagon-like peptide-1 (GLP-1) is an endogenous
entero-insulinotropic hormone whose main target of
action is GLP-1 receptor (GLP-1R). GLP-1R is expressed
in islet B-cells and several extrapancreatic tissues,
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including the small inlet arteries, proximal tubules, and
collecting ducts of the kidney (12, 13). GLP-1R activity is
significantly reduced in chronic kidney disease (14), and
several studies have shown that GLP-1 has a protective
effect on the kidney (15, 16, 17).

The mechanism of renal protection by GLP-1
analogs is not well understood. To further investigate
the protective effect of liraglutide on podocytes in T2DM
nephropathy in addition to its hypoglycemic effect, this
study was conducted to establish a T2DM mouse model
using a high-fat diet (HFD) combined with streptozotocin
(STZ) induction and to investigate the protective effect
of liraglutide on podocytes and its related molecular
mechanism by detecting the differences in the expression
levels of specific proteins and the pathological changes
in the kidneys of these model mice. It is expected to
provide a more theoretical basis for preventing the
occurrence of albuminuria, delaying the progression of
renal injury in T2DM patients, and providing a more
theoretical basis for the rational clinical application of
these drugs.

Materials and methods
Animals and group treatment

We purchased male-specific pathogen-free (SPF)
C57BL/6] mice, aged 8 weeks, weighing 22-28 g from the
Experimental Animal Center of Beijing Weitong Company
and raised them in SPF conditions (Animal Quality
Certificate No.: SCXK (Beijing) 2021-0006). These mice
were alternately exposed to 45-55% humidity and light
and darkness for 12 h in turn at a temperature of 18-22°C,
with adequate food and water intake. All experiments
performed were approved by the Ethical Committee
of Experimental Animal Care of Yangtze University.
The code is N0.202301005.

After 1 week of adaptive feeding on a normal diet,
32 C57BL/6] male mice were divided into a normal diet
group (14% fat) (NC, n=8) and a HFD group (60% fat)
(HFD, n=24) using a simple random sampling method.
After 4 weeks of different feedings, six mice in each
group were randomly selected for glucose tolerance test.
The mice were fasted but given adequate water for 12 h,
glucose at a concentration of 20% (2 g/kg) was injected
intraperitoneally, blood was taken from the tail vein,
and blood glucose was measured by a glucometer at the
corresponding time points of 0 min, 15 min, 30 min, 60
min, and 120 min. Then the HFD group was given a 1%
STZ (S0130, Sigma) intraperitoneal injection (for 5 days

of continuous administration, 50 mg/kg day dissolved in
0.1 M citrate buffer, pH4.5). The NC group was injected
with an equal amount of citrate buffer. After 7 days, the
HFD group mice showed the symptoms of diabetes as
polyuria, polydipsia, polyphagia, and weight loss, and
the random blood glucose (GLU) levels were measured
over 16.7 mmol/L by a blood glucose meter (Accu-Chek,
Roche) for 2 consecutive days, which was considered
T2DM mice (18). These T2DM mice were divided into
the T2DM nephropathy model group (DN group, n = 8),
liraglutide treatment group (DN +Lira group, n = 8) (Novo
Nordisk, 400 pg/kg day, subcutaneous injection), and
degludec insulin treatment group (DN+RI group, n = 8)
(Novo Nordisk, 1-2 U/kg day, subcutaneous injection).
The dosage of degludec insulin was adjusted according to
the level of GLU. The NC and DN groups received daily
subcutaneous injections of an equal volume of saline. All
injections were completed at 18:00-19:00 daily.

24-h urinary protein determination
and biochemical parameters

Tail-tip blood was collected regularly every week for
GLU measurements in each group. At 8 weeks and 14
weeks after administration, each mouse was placed in a
metabolic cage to collect 24-h urine for urinary protein
quantification according to the method of the urinary
protein test kit (C035-2-1, Nanjing Jiancheng, Nanjing,
China). The mice were euthanized at the end of 14 weeks
after administration, blood was collected from the heart,
serum was centrifuged, and serum total cholesterol,
creatinine, and urea nitrogen were examined by an
automatic biochemical instrument (AU600, Olympus).

Pathomorphological observation
of renal pathology

Mouse kidneys were fixed in 4% paraformaldehyde,
dehydrated, paraffin-embedded, and made into sections
(3 pm thick) for hematoxylin and eosin (H&E) (BA4025,
Baso, Zhuhai, China) and periodic acid-Schiff (PAS)
(BA4080A, Baso, China). Finally, the sections were sealed
with glycerin gelatin (BA4348, Baso, China), and the
results were observed under a microscope (DMI 8, Laica,
Germany).

Ultrastructural changes under
transmission electron microscope

Fresh intact renal cortex of 1 mm? size was fixed in 2.5%
glutaraldehyde, 4°c for 48 h, dehydrated by acetone
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gradient, embedding, sectioning, lead citrate staining,
uranyl acetate staining, sections were dried naturally
and imaged and observed by transmission electron
microscopy (HT7800).

Immunohistochemistry

Paraffin sections were dewaxed and hydrated, and
thermal antigen repair was performed by antigen EDTA
pH=9.0 (G1203, Servicebio, China) according to the
primary antibody instructions, hydrogen peroxide for
10 min to eliminate endogenous peroxidase, blocking,
corresponding primary antibodies nephrin (1:1500,
ab216341, Abcam), NPHS2 (1:2000, ab181143, Abcam),
GLP-1R (1:250, ab218532, Abcam), overnight at 4°C,
HRP-labeled goat anti-rabbit secondary antibody
immunoglobulin G (IgG) (1:50, A0208, Beyotime,
Shanghai, China) was incubated at room temperature
for 1 h, DAB color (ZLI-9018, Zsbio, Beijing, China)
development for 10 min, and hematoxylin for 10 s,
followed by dehydration, transparency, blocking, and
microscopic examination.

Immunofluorescence

Paraffin sections were dewaxed and hydrated, antigen
repaired, exposed to hydrogen peroxide for 10 min,
blocked, and incubated with corresponding primary
antibodies against nephrin (1:500), GLP-1R (1:250), IL-18
(1:200), and NLRP3 (1:200) overnight at 4°C, FITC/CY3-
labeled fluorescent secondary antibody (1:200) for 1 h.
DAPI (MAO128, Meilunbio, China) stained nuclei for 5
min, the anti-fluorescence quencher was blocked, and the
fluorescence microscopy images were captured.

Western blot

Mouse kidney tissues were lysed in the lysis solution
containing RIPA and PMSE ground in a tissue grinder,
and then placed on ice for 30 min to obtain total
protein. The supernatant was centrifuged and the
protein concentration was determined by a BCA Kit.
The boiled 20-40 pg of total protein were separated by
gel electrophoresis, transferred, and blocked, followed
by the addition of corresponding primary antibodies
nephrin (1:1000, ab216341, Abcam), NPHS2 (1:2500,
ab181143, Abcam), IL-1g8 (1:1000, 12242, CST, USA),
GSDMD (1:1000, 39754, CST, Danvers, MA, USA), cleaved
GSDMD (1:1000, 10137, CST, USA), caspase-1 (1:1000,
24232, CST, USA), cleaved caspase-1 (1:1000, 89332, CST,

USA), internal reference GAPDH (1:5000, 10494-1-AP,
Proteintech, China), and g-actin (1:3000, 20536-1-AP,
Proteintech, China) overnight at 4°C in a shaking bed; 40
ug of total protein cooked at 70°C were separated by gel
electrophoresis, transferred to a membrane and blocked,
followed by the addition of a primary antibody GLP-1R
(1:1000, ab218532, Abcam) and an internal reference
GAPDH (1:5000) overnight at 4°C in a shaking bed. After
washing, the secondary antibody (1:3000) was added
and incubated in a shaker at room temperature, and
after washing, ECL luminescence solution was added
dropwise and exposed to a chemiluminescence imager for
photography. The expression of the target proteins was
analyzed by Image] software for comparison.

Statistical analysis

All data are presented as the mean + S.E.M. Multiple
group comparisons were assessed using one-way ANOVA
Statistical analyses were performed using GraphPad
Prism 8.0 software. P<0.05 was considered statistically
significant.

Results
High-fat diet induces insulin resistance

After 4 weeks of different feedings, compared with the NC
group, the mice in HFD group showed significantly higher
blood glucose levels at 0 min, 30 min, 60 min, 90 min,
and 120 min after intraperitoneal injection of glucose (all
P <0.001) (Fig. 1A). The area under the glucose curve AUC
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Figure 1
(A) IPGTT experiment result. (B) AUC. ***P < 0.0001 vs NC.
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in the HFD group was significantly increased compared
with that in the NC group (P < 0.0001) (Fig. 1B). It
indicated that the HFD induced
successfully in the HFD group of mice.

insulin resistance

Liraglutide improves urinary protein in DN mice

Compared with the NC group, the weight of mice in the
DN group decreased at week 8 and week 14 after drug
administration, which was consistent with the weight
loss in type 2 diabetes models (T2DM) (P < 0.05).
Compared with the DN +RI group, the body weight of the
DN+Lira group decreased (P < 0.0001), indicating that
liraglutidehad aweight-reducingeffect (Fig.2A). Compared
with the NC group, fasting blood glucose and 24-h
urinary volume in the DN group were significantly
increased at week 8 and week 14 after drug administration
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(both P < 0.0001), which was consistent with the
characteristics of polyuria and hyperglycemia T2DM.
But compared with the DN group, the above indexes
were significantly decreased in the DN+Lira group
(both P < 0.0001) (Fig. 2B and C). This suggests that
both liraglutide and degludec insulin can improve
hypermetabolic state and lower blood glucose.
Compared with the NC group, the 24-h wurinary
protein in the DN and DN+RI groups was significantly
increased at week 8 and week 14 after drug
administration (both P < 0.0001). The presence of
proteinuria suggests progression to DN, and the
treatment with degludec fails to reduce urinary protein.
Compared with the DN and DN+RI groups, the
urinary protein in the DN+Lira group was decreased
(both P < 0.05) (Fig. 2D). It suggests that liraglutide is
more effective than degludec in reducing urinary

B

w
=3
1

ONC HEDN NDN-Lira EDN+RI

*'4=‘=¥ *
.

:

Fasting blood glucose (mmol/L)
=
1

=
I

Week 8

Week 14

ONC  @EDN

NDN Lira EDN+RI
b A o

gk

2800

Urinary protein excretion( mg/24h)
T

BUN{ mmol/L)
Ser (umol/L)

Physiological and biochemical index results of each group of mice: (A) body weight; (B) fasting blood glucose; (C) 24-h urine volume; (D) 24-h urinary
protein; (E) total cholesterol; (F) kidney weight/body ratio; (G) serum urea nitrogen; and (H) serum creatinine. “P < 0.05, P < 0.01, “*P <0.001, ***P

<0.0001 vs NC; #P < 0.05, #P < 0.01, ##P < 0.001, ###P < 0.0001 vs DN + Lira.
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protein in the progression of DN.3.3. Liraglutide lowers
total cholesterol in DN mice.

At week 14 after drug administration, total
cholesterol (TC) was elevated in the DN and DN+RI
groups compared with the NC group, consistent with the
manifestation of hyperlipidemia in T2DM (both P < 0.01);
total cholesterol (TC) was decreased in the DN+ Lira
group compared with the DN and DN+RI groups
(both P < 0.01) (Fig. 2E). It shows that liraglutide has
a hypolipidemic effect compared to degludec. The
differences in serum creatinine (Scr), urea nitrogen
(BUN), and the renal weight/body weight ratio were
not statistically significant in each group of mice (Fig. 2F,
G, and H).

Liraglutide attenuates pathological
renal injury in DN mice

H&E staining and PAS staining showed that the
glomerular thylakoid stroma was hyperplastic, and
the glomerular volume was increased in the DN and
DN+RI groups compared with the NC group; the above
pathological changes were reduced in the DN+ Lira
group compared with the DN and DN+RI groups. The
results of transmission electron microscopy showed
that the mice in the DN and DN+RI groups showed a
large fusion of podocyte peduncles, reduced number
of peduncles, and thickening of glomerular basement
membrane compared with the NC group; the mice in the
DN +Lira group showed significantly improved fusion of

A

podocyte peduncles, reduced number of peduncles, and
thickening of glomerular basement membrane compared
with the DN and DN +RI groups (Fig. 3A, B, and C). This
suggests that treatment with liraglutide is more effective
in delaying renal pathology compared to degludecinsulin.

Liraglutide attenuates podocyte
damage in DN mice

Immunohistochemical staining and semiquantitative
analysis showed that the expression of podocyte marker
proteins NPHS2 and nephrin decreased in the kidneys
of DN and DN+RI mice compared with the NC group
(both P < 0.0001); the expression of NPHS2 and nephrin
increased in the DN +Lira group compared with the DN
and DN+RI groups (both P < 0.0001) (Fig. 4A and B).
Western blot results of NPHS2 and nephrin protein and
immunofluorescence staining and semiquantitative
analysis of nephrin protein showed the same trend (all
P < 0.05) (Fig. 4C and D). NPHS2 and nephrin protein
expression levels decreased in both the DN and DN+RI
groups, indicating that the number and function of
podocytes were decreased in T2DM and that insulin
hypoglycemic intervention did not significantly improve
podocyte damage. NPHS2 and nephrin protein increased
in the DN+ Lira group compared with both the DN and
DN+RI groups, indicating that liraglutide treatment
attenuated podocyte damage and had a protective effect
on podocytes in T2DM. In contrast, no protection of
podocytes was observed with degludec insulin treatment.

Figure 3

Renal pathological injury in each group of mice:
(A) H&E staining of mouse kidney tissues; (B) PAS
staining of mouse kidney tissues; and (C)
transmission microscopic observation of
basement membrane thickness and pedicle width
in mouse kidney cortex.
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Liraglutide attenuates podocyte injury in each group of mice. (A) Immunohistochemical observation and semi-quantitative analysis of mouse glomerular
NPHS2 protein expression. (B) Immunohistochemical observation and semiquantitative analysis of mouse glomerular nephrin protein expression. (C)
Immunofluorescence observation and semiquantitative analysis of mouse glomerular nephrin protein expression. (D) Western blot semiquantitative analysis
of the protein expression levels of NPHS2 and nephrin in mouse kidneys. *P < 0.05, ****P <0.0001 vs NC; ##P < 0.01, ###P < 0.001, **##P < 0.0001 vs DN + Lira.

Liraglutide restores the reduced GLP-1R
protein in the kidneys of DN mice

showed that GLP-1R
could be expressed in the glomerular and renal tubular
epithelium (Fig. SA). Immunofluorescence staining and
semiquantitative analysis showed that the expression of
GLP-1R protein in the kidney decreased in the DN and
DN+RI groups compared with the NC group (both P
<0.0001) and increased in the DN+ Lira group compared
with the DN and DN+RI groups (both P < 0.0001)
(Fig. 5B). Western blot results also showed the same
trend as immunofluorescence (all P < 0.05) (Fig. 5C).

In the DN and DN+RI groups, we observed a
decreasing trend in renal GLP-1R protein expression

Immunohistochemical results

compared with the NC group, which verified that there
was a reduction in renal GLP-1R protein expression in the
T2DM mouse model. The hypoglycemic effect of Degu
insulin does not reverse this change. In this experiment,
we also found that liraglutide binds to GLP-1R expressed
in renal tissues, and the level of GLP-1R protein
expression in the kidneys of mice was significantly
restored after its treatment.

Liraglutide ameliorates renal injury through
NLRP3-mediated inflammation and pyroptosis

Immunofluorescence staining and semiquantitative
analysis showed that the expression of NLRP3 and IL-18
proteins in the kidneys of mice in the DN and DN+RI
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Changes in the expression site and amount of GLP-1R in the kidney of each group of mice. (A) Immunohistochemical method to observe the expression
of GLP-1R protein in mouse glomeruli. (B) Immunofluorescence was used to observe and semi-quantitatively analyze the expression of GLP-1R protein in
mouse kidney. (C) Western blot semiquantitative analyses of the expression level of GLP-1R protein in mouse kidneys. **P < 0.001, ***P <0.0001 vs NC; *P

<0.05, #P < 0.01,##P < 0.0001 vs DN + Lira.

groups was significantly increased compared with
that in the NC group (all P < 0.01). The expression of
NLRP3 and IL-1g proteins in the kidneys of mice in the
DN+Lira group was significantly decreased compared
with that in the DN and DN+RI groups (both P < 0.01)
(Fig. 6A and B). The western blot results of IL-18, cleaved
caspase-1, and cleaved GSDMD proteins showed the same
trend (both P < 0.001) (Fig. 6C, D, and E).

The expression levels of NLRP3, IL-1B, cleaved
GSDMD, and cleaved caspase-1 proteins were increased
in the DN and DN+RI groups, indicating that
inflammation and pyroptosis were accompanied by the
process of kidney injury in T2DM.The hypoglycemic effect
of degludec insulin did not ameliorate these changes.
The above indexes were decreased in the DN+Lira group
compared with the DN and DN+RI groups, indicating
that liraglutide
pyroptosis in T2DM and had a protective effect on the
kidney.

reduced renal inflammation and

Discussion

In recent years, the treatment of diabetic nephropathy
has focused on glycemic control and blood pressure
management, but these measures have had little
impact on the decrease in glomerular filtration rate
and progression to ESRD (19). Liraglutide is a glucose-
lowering agent approved for clinical use (20) and
has received much attention in recent years for its
protective effects in addition to its role in glycemic
control (21). Several studies have shown that GLP-1RA
proteinuria and delays the progression
of renal injury in DN patients (22, 23). In the present
study, by comparing the renal pathologic findings
in mice from different administration treatment
groups,we confirmed that liraglutide is effective in
reducing kidney injury in the treatment of type 2
diabetic nephropathy compared to the pure hypoglycemic

attenuates

effect of insulin.
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Expression of kidney inflammation and pyroptosis proteins in each group of mice. (A) Immunofluorescence observation and semiquantitative analysis of
the expression level of mouse kidney NLRP3 protein. (B) Immunofluorescence observation and semiquantitative analysis of mouse kidney IL-18 protein
expression. (C) Western blot semiquantitative analysis of mouse kidney caspase-1/cleaved caspase-1 protein expression. (D) Western blot
semiquantitative analysis of mouse kidney GSDMD/cleaved GSDMD protein expression. (E) Western blot semiquantitative analysis of kidney IL-18 protein
expression in mice. P < 0.01, “P < 0.001, ***P < 0.0001 vs NC; #*P < 0.01, ###P < 0.001, *###P < 0.0001 vs DN + Lira.

In the progression of DN, damage to podocytes
is closely associated with proteinuria (24, 25). In the
present experiment, we observed that liraglutide
reduced proteinuria in DN mice, and combined with the
transmission electron microscopy results of significantly
improved pedicle fusion in DN+Lira group mice, we
speculated that the protective effect of liraglutide
on podocytes was one of the main mechanisms for
its renal protective effect. In this study, we further
detected the expression levels of kidney podocyte-
specific proteins (NPHS2 and nephrin) in each group

by immunohistochemistry, immunofluorescence

and Western blotting, and the results showed that
the expression levels of NPHS2 protein and nephrin
protein in DN+Lira group mice were increased compared
with those in the DN group and DN+RI group, which
verified the protective effect of liraglutide on DN mouse
podocytes This is consistent with the findings of
previous study. This is consistent with the findings of
previous studies (25, 26, 27). The same conclusion was
reached in experiments related to mouse podocytes
cultured in vitro (28). Because no improvement in renal
injury was observed in the DN+RI group in this trial, we
speculate that the renal protective effect of liraglutide
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is not related to its hypoglycemic effect or that there
are additional multiple mechanisms of protection.

GLP-1R agonists exert protective effects on the
kidney through various molecular mechanisms such
as endothelial protection and antifibrosis (29). In an
obesity-associated glomerular disease model, GLP-1 also
exerts a protective effect on the kidney by promoting
the translocation of Glut4 to the cell membrane and
inhibiting cellular autophagy, thereby attenuating
podocyte injury (30). While whether GLP-1R plays a
role in the protection of renal podocytes by liraglutide
has not been clearly verified (25, 29, 31). Given that the
main acting receptor of liraglutide is GLP-1R and it can
be expressed in the kidney, whether GLP-1R plays a role
in the protection of renal podocytes by liraglutide is still
a question worth exploring. In the present experiment,
we observed the expression of GLP-1R protein in the
kidney of each group of mice by immunohistochemistry
and immunofluorescence staining and found that both
glomerular podocytes and renal tubular epithelium of
mice could express GLP-1R, which further improved
the previous study (31, 32, 33). Therefore, we further
speculated that the protective effect of liraglutide on
podocytes might be related to the renal expression of
GLP-1R. To further verify the above speculation, we
analyzed the expression level of GLP-1R protein in mouse
kidney tissues by immunofluorescence semiquantitative
and western Dblot semiquantitative analysis. The
experimental results all showed that the expression level
of GLP-1R protein in renal tissues of mice in the DN
group and DN+RI group was reduced compared with
that of mice in the normal control group, while the
expression level of GLP-1R protein in renal tissues
was significantly restored after liraglutide treatment.
Through this experiment, we found that the expression
of GLP-1R protein in renal tissues was reduced by the DN
environment, suggesting that the reduction of GLP-1R
protein may be one of the mechanisms of action of
renal injury in T2DM. And liraglutide can bind to
GLP-1R expressed in renal tissues in DN and ameliorate
this adverse effect of GLP-1R by the DN environment.
Since we observed less GLP-1R protein expressed by
podocytes in immunohistochemical staining results,
we suggest that the protective effect of liraglutide on
podocytes may be partly dependent on changes in GLP-1R
expressed by podocytes, and there may also be a non-GLP-
1R-dependent protective mechanism.

DN is considered an inflammatory disease, and

several studies have shown that activation of

inflammatory vesicles (NLRP3) and their mediated
cellular scorching can promote the development of
multiple complications of diabetes, including DN and
diabetic neuropathy (34, 35, 36). NLRP3 induces cellular
scorching, a specific form of inflammation-driven
apoptosis (37). Activation of NLRP3 is observed in mouse
models of diabetic nephropathy and in podocytes after
angiotensin-II-aldosterone stimulation, and in these
models, blockade of the pharmacological mechanism
of NLRP3 ameliorates albuminuria and podocyte injury
(38, 39, 40). Meanwhile, it has been demonstrated that
podocyte injury also activates the NLRP3-ASC-caspase-1
axis, releasing mature IL-1p and IL-1 (41, 42, 43), and
activates pro-caspase-1, which cleaves to activated
caspase-1 (44) and cleaves GSDMD to GSDMD-C and
GSDMD-N (i.e. cleaved-GSDMD in this paper) (45, 46),
further causing cellular scorching (47) and accelerating
the progression of DN. Therefore, we speculate that
the protective effect of liraglutide on podocytes in the
treatment of diabetic nephropathy may be related to
the improvement of renal inflammation and cellular
scorching. To verify this conjecture, this experiment
further detected the expression of inflammation and cell
scorching-related proteins in the kidney tissue of DN
mice by Western blot and immunofluorescence assays,
and the results showed that inflammation and cell
scorching in the kidneys of mice were significantly
improved after liraglutide treatment. On contrast, this
phenomenon was not observed in the degludec insulin-
treated group. This indicates that liraglutide can improve
podocyte injury in diabetic nephropathy by regulating
NLRP3-mediated cell scorching.

In this study, due to the lack of kidney biopsy
samples from patients with diabetic nephropathy who
only used liraglutide intervention, the conclusions of
this experiment lack clinical data support, and clinical
samples need to be collected at a later stage to further
investigate the role of liraglutide in the damage of
podocytes in diabetic nephropathy. In addition, whether
the protective effect of liraglutide on podocytes is
mediated through GLP-1R needs to be further verified by
animal GLP-1R knockout models.

In conclusion, liraglutide can protect podocytes by
regulating renal inflammation and cellular scorching,
thereby reducing glomerular injury
nephropathy mice, decreasing proteinuria production,
and delaying the progression of diabetic nephropathy
to end-stage renal disease. This protective effect may be
partly related to GLP-1R expressed by podocytes.

in diabetic
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