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ABSTRACT

Objective(s): To investigate whether 3-methyladenine (3-MA) can protect the kidney of streptozotocin
(STZ) - induced diabetes mice, and explore its possible mechanism.

Materials and Methods: STZ was used to induce diabetes in C57BL/6) mice. The mice were divided
into normal control group (NC), diabetes group (DM), and diabetes+3-MA intervention group
(DM+3-MA). Blood glucose, water consumption, and body weight were recorded weekly. At the end
of the 6th week of drug treatment, 24-hour urine was collected. Blood and kidneys were collected
for PAS staining to evaluate the degree of renal injury. Sirius red staining was used to assess collagen
deposition. Blood urea nitrogen (BUN), serum creatinine, and 24-hour urine albumin were used
to evaluate renal function. Western blot was used to detect fibrosis-related protein, inflammatory
mediators, high mobility group box 1 (HMGB1)/NF-xB signal pathway molecule, vascular
endothelial growth factor (VEGF), and podocin, and immunohistochemistry (IHC) was used to detect
the expression and localization of autophagy-related protein and fibronectin.

Results: Compared with the kidney of normal control mice, the kidney of diabetes control mice was
more pale and hypertrophic. Hyperglycemia induces renal autophagy and activates the HMGB1/
NF-kB signal pathway, leading to the increase of inflammatory mediators, extracellular matrix
(ECM) deposition, and proteinuria in the kidney. In diabetic mice treated with 3-MA, blood glucose
decreased, autophagy and HMGB1/NF-kB signaling pathways in the kidneys were inhibited, and
proteinuria, renal hypertrophy, inflammation, and fibrosis were improved.

Conclusion: 3-MA can attenuate renal injury in STZ-induced diabetic mice through inhibition of

autophagy and HMGB1/NF-kB signaling pathway.
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Introduction

Diabetic nephropathy (DN) is a common cause of
glomerulosclerosis and end-stage renal disease (ESRD)(1).
In the early stages of DN, proliferation and hypertrophy
of glomerular mesangial cells are typical pathological
features. High glucose induces proliferation of glomerular
mesangial and interstitial cells, and produces a large amount
of extracellular matrix (ECM) accumulation in the kidney,
giving rise to diffuse or segmental fibrosis of the glomerulus,
and ultimately leading to ESRD as the disease progresses (2).

Like many kidney diseases, DN is characterized by the
development of proteinuria, which is caused by podocyte
apoptosis and loss of function. The subsequent decline of
glomerular filtration rate is related to glomerulosclerosis.
Podocyte loss and thickening of the glomerular basement
membrane are the main characteristics of diabetes-induced
proteinuria (3). Podocin is one of the markers of podocytes,
and its expression level can reflect the number of podocytes
(3).

Recent evidence from clinical and basic experimental
studies suggests that the innate immune response plays
a critical role in the pathogenesis and progression of DN

through toll-like receptors (TLR) and receptors of advanced
glycation endproducts (RAGE)-induced non-infectious
inflammatory processes (4-6). High mobility group box 1
(HMGBI) is one of the ligands of TLR4 and RAGE, and
its interaction can exert pro-inflammatory effects, which
means that HMGBI is an important target for therapeutic
strategies in DN.

Autophagy is a protective intracellular process (7).
Autophagy involves multiple molecules, and the orderly
activation of each molecule forms a coherent process,
which is called autophagic flux (8). Among them, molecules
commonly used to monitor this process include LC3, yeast
autophagy-related protein (ATG) 6 homolog (beclinl/
BECN1), and autophagy adaptor protein P62. LC3 is often
used as a monitoring indicator of autophagy induction,
which can reflect the inhibition of autophagy induction
or autophagosome clearance, but it is not a measure of
autophagic flux (9). Beclinl/becn1 isa homologous molecule
of yeast ATG6 protein, a component of PI3K complex, and
the target of autophagy inhibitor 3-methyladenine (3-MA)
(9). P62 plays an auxiliary role in autophagy, targeting and
transporting specific markers to the autophagic membrane,
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and then anchoring the substances to be degraded to the
autophagic membrane through LC3. After the formation
of autophagic lysosomes, p62 is degraded. Generally, an
increase in P62 indicates that autophagosome formation is
inhibited or autophagosome clearance is blocked (8).

3-MA is an inhibitor of early autophagosome formation
(10-12). In the past, 3-MA was often used as a tool for
studying autophagy. Recently, more and more studies have
indicated that 3-MA can inhibit proliferation of interstitial
fibroblasts and macrophages through autophagic or non-
autophagic pathways, such as NF-xB signaling, TGF-p/
Smad signaling, and so on (10, 13-19). Additionally, a recent
report indicated that 3-MA can alleviate hyperuricemic
nephropathy (19). However, there is no report on the effect
of 3-MA in DN. Therefore, we intend to study the impact
of 3-MA on kidneys in streptozotocin (STZ)-induced DM
mice and its mechanism.

Materials and Methods
Antibodies and reagents

3-MA (molecular structure is shown in Figure 1A)
was purchased from Abmole Bioscience (Houston, TX,
USA). A bicinchoninic acid (BCA) protein assay kit was
purchased from Beyotime (Shanghai, China). Creatinine
and blood urea nitrogen (BUN) assay kits were purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
Jiangsu, China). The Enzyme-linked immunosorbent assay
(ELISA) kits for IL-1B and TNF-a were purchased from
Elabscience (Wuhan, Hubei, China). The remaining reagent
sources are described in our previous research (20).

Animal experiments
For this study, animal species and origin, induction
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Figure 1. 3-Methyladenine (3-MA) reduced blood glucose levels and
improved diabetic symptoms in streptozotocin (STZ)-induced diabetic
mice

(A) Chemical structure of 3-MA. (B) Schematic diagram of experimental design
for 3-MA treatment of diabetic mice. (C) Weight trend graph over the experimental
period. (D) Average body weight for 6 weeks of 3-MA treatment. (E) 24 hr urine
excretion. (F) 24 hr average water intake per week. (G) Blood glucose trend graph over
the experimental period. (H) Average blood glucose for 6 weeks of 3-MA treatment.
***P<0.001, **P<0.01, and *P<0.05 versus normal control (NC) group. **P<0.001,
#P<0.01, and *P<0.05 versus diabetes (DM) group
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of diabetes, and treatment methods are described in
our previous research (20). The study was carried out in
accordance with the protocols approved by the Institutional
Animal Ethics Committee of Yangtze University Health
Science Center (approval number: CJYXBEC2019-083).

24-hour water intake and urine volume

The 24-hour water intake of mice was recorded every
week starting from the first week of 3-MA treatment, the
methods of 24-hour urine collection are referred to in our
previous research (21).

Random blood glucose

The random blood glucose levels were measured every
week. The specific operation method is referred to in our
previous research (21).

Kidney/body weight ratio

At the end of the experiment, body weight was recorded.
Mice were anesthetized and sacrificed, kidneys were rapidly
removed and the kidney capsule was stripped. Both kidneys
were weighed and the kidney/body weight ratio was
calculated.

24-hour albuminuria assay

24-hour albuminuria assay is referred to in our previous
research (21). In brief, urine albumin was isolated by SDS-
PAGE and then measured by Coomassie bright blue staining.
24-hour urinary albumin was calculated by multiplying
urinary albumin concentration by urine volume.
Assessment of renal function and other biochemistry index

Mice blood samples were collected via enucleation of
the eye into the tubes without any anticoagulant to collect
the serum. Serum creatinine and BUN were measured
using commercially available kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

Western blotting

Western blotting is explained to our previous research
(20). In brief, the protein was extracted from mouse kidneys
after grinding for SDS-PAGE isolation and transferred to
the PVDF membrane for chemiluminescence detection.

Histology and immunohistochemistry examination

The kidneys were fixed in 10% neutral formalin liquid
for more than 48 hr. Kidneys were cut in half lengthwise,
dehydrated in 95% ethanol overnight after ethanol gradient
dehydration, then cleared with n-butanol and embedded
in paraffin blocks. 4 um slices were made with a paraffin
sectioning machine. After 2 hr of baking, the slices were
dewaxed and hydrated, and stained with Sirius Red
(Maokang Bio, Shanghai, China) and Periodic acid-Schiff
(PAS) staining solution. For IHC staining, the kidney tissue
sections were subjected to antigen retrieval with sodium
citrate solution, blocked with endogenous peroxidase
blocking solution and goat serum, and then incubated with
primary antibody. The next day, the kidney tissue sections
were incubated with horseradish peroxidase-conjugated
secondary antibody for 30 min at 37 ‘C and then reacted with
diaminobenzidine (DAB) to develop color after washing
with PBS. Images were acquired using a Leica microscope
and the positive area was calculated with Image ] software.
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ELISA analysis

The kidney tissues were rinsed with pre-chilled PBS to
remove residual blood, and chopped after weighing. The
chopped tissue was added to an appropriate volume of PBS
containing a 1% protease inhibitor cocktail (usually at a
weight-to-volume ratio of 1:9) and triturate well at 4 'C using
a homogenizer. After ultracentrifugation, the supernatant
was recovered for further detection. The levels of IL-1f3 and
TNF-a were examined according to the protocol specified
by the manufacturer of the commercial Quantikine ELISA
kit (Elabscience, Wuhan, Hubei, China).

Statistical analysis

Data depicted in graphs represent the means+SEM
for each group. IBM SPSS Statistics 25 (Version X; IBM,
Armonk, NY, USA) was used for statistical analysis. The level
of significance between treatment groups was determined
using One-way ANOVA and student-t multiple comparison
tests. P<0.05 was considered statistically significant.

Results
3-MA reduced blood glucose levels and improved diabetic
symptoms in STZ-induced diabetic mice

It’s well known that the typical clinical manifestations of
diabetes are polydipsia, polyphagia, polyuria, and weight loss
(22). As shown in Figure 1C-F, DM mice showed less body
weight, more water intake, and urinary excretion compared
with NC mice; 3-MA-treated DM mice had significantly
increased body weight and markedly decreased urinary
excretion when compared with DM mice. The results of
weekly continuous blood glucose monitoring showed that
blood glucose was remarkably reduced in DM mice treated
with 3-MA from the 4th week after treatment compared
with DM mice, and 3-MA treatment markedly reduced the
average blood glucose of 6 weeks in STZ-induced diabetic
mice (Figure 1G & H).

3-MA ameliorated renal hypertrophy and tubule injury in
STZ-induced diabetic mice

Asshownin Figure 2A, thekidneys of DM mice were paler,
more edematous, and hypertrophic in general appearance
as compared with the kidneys of NC mice. The upper and
lower edges of the kidneys of DM mice were blunt, and the
curvature of the left and right edges disappeared. Its general
appearance was similar to that of the kidney in membranous
nephropathy. However, the general appearance of kidneys in
DM mice treated with 3-MA was improved compared with
the kidneys of DM mice. After weighing both kidneys of all
mice, we found that the kidney/body weight ratio of DM
mice was significantly increased compared with NC mice.
The kidney/body weight ratio of DM mice treated with
3-MA was remarkably reduced compared with DM mice
(Figure 2B). PAS staining further showed severe glomerular
hypertrophy and mesangial expansion in the kidneys of
DM mice. 3-MA treatment improved the pathology of
glomerular hypertrophy, mesangial expansion, and tubular
dilation (Figure 2C). Measurement of glomerular area
showed that 3-MA treatment markedly reduced glomerular
volume in STZ-induced diabetic mice (Figure 2D). Renal
tubule space measurements showed that 3-MA treatment
markedly reduced the tubular injury index (Figure 2E).
The above results suggested that 3-MA ameliorated renal
hypertrophy and injury in STZ-induced diabetic mice.
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Figure 2. 3-Methyladenine (3-MA) ameliorated renal hypertrophy and
tubule injury in streptozotocin (STZ)-induced diabetic mice

(A) General appearance of the kidneys. (B) Ratio of kidney weight to body weight.
(C) Periodic acid-Schiff (PAS) staininhg of the kidney tissues. (D) Glomerular area as a
percentage of the entire high-power field. (E) Renal tubule injury index. ***P<0.001,
**P<0.01, and *P<0.05 versus normal control (NC) group. **P<0.001, **P<0.01, and
#P<0.05 versus diabetes (DM) group. All scale bars are 100 um (100x) or 25 pm (400x)

3-MA improved glomerular filtration barrier function in
STZ-induced diabetic mice

It has been reported that hyperglycemia induces
podocytes to secrete large amounts of vascular endothelial
growth factor (VEGF) when the kidney is exposed to
hyperglycemia for a long time. Large amounts of VEGF
widen the endothelial space and deform the foot processes,
causing massive proteinuria (23). Podocin is a biomarker of
the foot process, and its reduced expression can exacerbate
proteinuria (24). To investigate whether 3-MA can improve
the renal filtration barrier function in diabetic mice, we
examined the effect of 3-MA on the expression levels of
VEGF and podocin in the kidneys of DM mice. As shown in
Figure 3A-C, the expression level of VEGF in the kidneys of
DM mice was remarkably up-regulated, and the expression
level of podocin was markedly decreased compared with
NC mice. While 3-MA treatment markedly decreased the
expression level of VEGF and significantly increased the
expression level of podocin in the kidneys of diabetic mice.
This evidence indicated that 3-MA remarkably improved
the renal filtration barrier function in diabetic mice, which
was also demonstrated by the result of 24-hour albuminuria,
serum creatinine, and BUN (Figure 3D-F).

3-MA alleviated renal ECM deposition in STZ-induced
diabetic mice

DN is one of the main causes of ESRD, and renal fibrosis
plays a crucial role in its pathological development (25).
Renal fibrosis is characterized by overexpression and
deposition of ECM, which finally leads to scarring of renal
tissue (26). Therefore, we explored the effect of 3-MA on
the expression levels of renal fibrosis-related markers in
STZ-induced diabetic mice and observed the deposition of
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Figure 3. 3-Methyladenine (3-MA) improved the glomerular filtration
barrier function in streptozotocin (STZ)-induced diabetic mice

(A-C) Expression levels of VEGF and podocin in kidneys are determined by
immunoblotting. (D) 24 hr urinary albumin quantitative analysis. (E) Expression
levels of serum Blood urea nitrogen (BUN). (F) Expression levels of serum creatinine.
***P<0.001, **P<0.01, and *P<0.05 versus normal control (NC) group. **P<0.001,
#P<0.01, and *P<0.05 versus diabetes (DM) group

interstitial collagen in the kidneys. a-SMA is a biomarker
after fibroblasts are transformed into myofibroblasts which
are the main cells responsible for the production of ECM
proteins, and fibronectin is one of the factors that lead to
renal fibrosis (25). Therefore, we examined the expression
levels of fibronectin and a-SMA by western blotting. As
shown in Figure 4A-C, the expression levels of fibronectin
and a-SMA were remarkably increased in the kidneys of DM
mice as compared with NC mice. While 3-MA treatment
significantly reduced the expression levels of fibronectin
and a-SMA in the kidneys of diabetic mice. This evidence
indicated that 3-MA inhibited ECM protein deposition and
fibroblast activation in the kidneys of diabetic mice.

In order to further verify the improvement effect of 3-MA
onrenal fibrosisin STZ-induced diabetic mice, we performed
Sirius Red and IHC staining to observe the deposition of
renal interstitial collagen. As shown in Figure 4D, the Sirius
Red staining in the kidneys of DM mice showed kenspeckle
morphological changes which manifested as mesangial
expansion, interstitial expansion, and massive collagen
deposition, and the positive area was markedly increased
compared with NC mice (Figure 4E). Interstitial dilatation,
renal tubular dilatation, and a significant increase in the
positive area were also observed in renal fibronectin IHC
staining of DM mice, compared with NC mice (Figure 4F).
3-MA treatment clearly improved the renal microscopic
morphology of diabetic mice and markedly reduced the
positive area of Sirius Red staining and fibronectin IHC
staining in the kidneys of diabetic mice (Figure 4D-F). The
above evidence indicated that 3-MA significantly reduced
renal injury and ECM deposition in diabetic mice.

3-MA improved renal inflammatory response and
inhibited HMGBI/NF-kB signaling pathway in STZ-
induced diabetic mice

Many reports indicate that inflammation is one of the
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Figure 4. 3-Methyladenine (3-MA) alleviated renal ECM deposition in

streptozotocin (STZ)-induced diabetic mice

(A-C) Expression levels of fibronectin and a-SMA in kidneys were determined by
immunoblotting. (D) Sirius Red staining and the fibronectin immunohistochemistry
(THC) staining in kidneys (200x). (E) Percentage of Sirius red positive area (pink)
relative to the whole area. (F) Percentage of fibronectin THC staining positive area
relative to the whole area. ***P<0.001, **P<0.01, and *P<0.05 versus normal control
(NC) group. #*P<0.001, *P<0.01, and *P<0.05 versus diabetes (DM) group. All scale
bars are 50 um

initiating and major factors of DN (27-30). To investigate
the effects of 3-MA on renal inflammation in diabetic mice,
we used ELISA to detect the expression levels of IL-1p
and TNF-a in kidney homogenates. As shown in Figures
5A & B, the expression levels of IL-1B and TNF-a in the
kidney homogenates of DM mice were markedly increased
compared with NC mice. However, 3-MA treatment
significantly reduced the expression levels of IL-1p and
TNF-a in the kidneys of diabetic mice. These data indicated
that 3-MA ameliorated renal inflammation in diabetic mice.

To further explore the potential mechanism of 3-MA
improving renal inflammation in diabetic mice, we detected
inflammatory cytokines and related signaling pathway
proteins by western blotting. Western blot results showed
that the expression levels of IL-1 and TNF-a in the kidneys
of DM mice were significantly increased compared with
NC mice, and the expression levels of IL-1p and TNF-a
in the kidneys of diabetic mice treated with 3-MA were
significantly decreased compared with DM mice, which
was in line with the results of ELISA (Figure 5C-E). It has
been reported that HMGBI is involved in the process of
DN(11, 31-34). HMGBI activates the downstream protein
NF-«B which is the promoter of inflammation-related gene
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Figure 5. 3-Methyladenine (3-MA) improved renal inflammatory response
and inhibited HMGB1/NF-kB signaling pathway instreptozotocin (STZ)-
induced diabetic mice

(A) Expression level of IL-1p in renal homogenate was determined by ELISA. (B)
Expression level of TNF-a in renal homogenate was determined by ELISA. (C-G)
Expression levels of IL-1p, TNF-a, HMGBI, and phospho-NF-kB were determined
by western blotting. ***P<0.001, **P<0.01, and *P<0.05 versus normal control (NC)
group. **P<0.001, *P<0.01, and *P<0.05 versus diabetes (DM) group

transcription (11, 31-34). As shown in Figure 5C, HMGBI1
and phospho-NF-kB were significantly up-regulated in the
kidneys of DM mice as compared with NC mice. However,
3-MA treatment inhibited the up-regulation of HMGBI1
and phospho-NF-«B in the kidneys of diabetic mice (Figure
5C, E G). This evidence suggested that 3-MA attenuated
the inflammatory response by inhibiting the activation of
the HMGB1/NF-kB signaling pathway in the kidneys of
diabetic mice.

3-MA inhibited autophagosome formation in STZ-induced
diabetic mice

To investigate the protective mechanism of 3-MA on the
kidneys of DM mice, we assessed the role of autophagy in
DN. As shown in Figure 6A, the results of western blotting
of kidney homogenates showed that the ratio of LC3 II/LC3
I, the expression levels of Beclin-1, and P62 in the kidneys
of DM mice were remarkably increased compared with NC
mice. However, 3-MA treatment markedly decreased the
ratio of LC3 II/LC3 I and the expression level of Beclin-1
in the kidneys of diabetic mice, and further increased the
expression level of P62 (Figure 6A-D). IHC staining showed
the same results (Figure 6E-G). This evidence indicated
that autophagy was induced in the kidneys of DM mice
accompanied by blocked autophagic flux, and a large
number of autophagosomes were retained. 3-MA inhibited
autophagy and reduced autophagosome accumulation in
the kidneys of diabetic mice.

Discussion

The global prevalence of DM has been rising steadily.
At least half of type 2 DM and one-third of type 1 DM
patients develop DN in their lifetime (35). Although current
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Figure 6. 3-Methyladenine (3-MA) inhibited autophagosome formation in
instreptozotocin (STZ)-induced diabetic mice

(A-D) Expression levels of autophagy-related proteins in kidneys determined by
western blotting. (E-G) Expression levels of Beclin-1 and P62 in kidneys determined
by immunohistochemistry (IHC). ***P<0.001, **P<0.01, and *P<0.05 versus normal
control (NC) group. **P<0.001, *P<0.01, and *P<0.05 versus diabetes (DM) group.
All scale bars are 50 um

therapeutic strategies have some beneficial effects on the
deterioration of renal function associated with DN, none of
them are able to prevent the progression of DN. 3-MA is
usually used as an autophagy inhibitor for research. Recently,
more and more studies are reporting that 3-MA exerts its
therapeutic effect on animal models of various diseases, and
there is no report of its side effects at present. In this study,
we found that the autophagy inhibitor 3-MA can attenuate
renal injury in STZ-induced diabetic mice through multiple
pathways including autophagy and non-autophagy.

It has been reported that hyperglycemia increases the
production of AGEs and ROS, which leads to increased
expression of VEGF in podocytes (23). VEGF can deform
and reduce the foot processes that make up the glomerular
filtration membrane, resulting in proteinuria (23). Therefore,
we examined the expression level of VEGF in the kidneys
of mice. The expression level of VEGF in the kidneys of
diabetic mice was increased, and the expression level of
podocin was decreased. However, the expression level of
VEGF in the kidneys of diabetic mice treated with 3-MA
decreased, and the expression level of podocin increased.
These results indicate that 3-MA improves the filtration
barrier function in diabetic mice, which is confirmed by the
results of 24-hour albuminuria.

DN is the most common cause of ESRD and the leading
cause of glomerulosclerosis (1). DN is pathologically
characterized by glomerular hypertrophy, and massive
deposition of ECM in the tubules and glomeruli leading to
tubular fibrosis and glomerulosclerosis (36, 37). The kidney
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is highly susceptible to hyperglycemia which causes kidney
damage through multiple cellular pathways, including
genetic activation and expression, increased production
of AGEs, and increased oxidative stress, resulting in the
activation of growth factors, transcription factors, and
other molecules (38, 39). Growth factor and transcription
factor regulatory genes encode some cytokines (such as IL-
1, TNF-a, VEGE etc.) which are involved in inflammation
and ECM synthesis, and then cause renal inflammation,
fibrosis, epithelial-mesenchymal transition (EMT), and
dysfunction of parenchymal cells (such as endothelial cells,
podocytes, renal tubular epithelial cells, etc.)(30, 40, 41). In
this experiment, we first observed the general appearance of
the kidney in diabetic mice, which showed paleness, edema,
and hypertrophy, the upper and lower edges of the kidney
were blunt and rounded, and the curvature of the left and
right edges disappeared. However, the general appearance of
kidneys in diabetic mice treated with 3-MA was significantly
improved. Moreover, 3-MA treatment decreased the kidney/
body weight ratio and glomerular volume significantly. PAS
staining further showed that 3-MA treatment improved the
pathology of glomerular hypertrophy, mesangial expansion,
and tubular dilation. These data indicate that 3-MA
ameliorates renal hypertrophy and injury in diabetic mice.

To further evaluate the beneficial effects of 3-MA on
the kidneys of diabetic mice, we examined inflammation-
and fibrosis-related biomarkers using ELISA, western blot,
histology, and IHC staining. Both ELISA and western
blotting results showed that 3-MA significantly lowered
the expression levels of IL-13 and TNF-a in the kidneys
of diabetic mice, which indicate that 3-MA improved
the inflammatory response in the kidneys of diabetic
mice. Western blotting results also showed that 3-MA
remarkably lowered the expression levels of fibronectin
and a-SMA which are related biomarkers of renal fibrosis
in diabetic mice, indicating that 3-MA improved renal
ECM deposition in diabetic mice. To further verify the
improvement effect of 3-MA on renal ECM deposition in
diabetic mice, we performed Sirius Red and THC staining
to observe the deposition of renal interstitial collagen fibers.
Sirius Red staining showed that the kidneys of diabetic
mice suffered serious morphological damage, including
mesangial expansion, interstitial expansion, a large number
of pink collagen deposition, and an increase in the positive
area of Sirius Red staining. 3-MA treatment significantly
improved the above symptoms. Fibronectin IHC staining
also indicated that 3-MA lowered the increased fibronectin
expression in the kidneys of diabetic mice. This robust
evidence suggests that 3-MA significantly improves renal
injury in diabetic mice.

Autophagy is a protective intracellular process (7).
Recently, it has been reported that 3-MA improves
hyperuricemia nephropathy and acute lung injury by
inhibiting autophagy (14, 18, 19). To study the latent role
of autophagy in the pathogenesis of DN, the expression
levels of autophagy-related biomarkers were examined.
We found that the ratio of LC3 II/LC3 I and the expression
levels of Beclin-1 in the kidneys of diabetic mice were
significantly increased. Since LC3 II/LC3 I and Beclin-1
are the biomarkers for the induction of autophagy (18), it
is suggested that hyperglycemia induces renal autophagy.
Interestingly, we also found that the expression level of
P62 was also significantly raised in the kidneys of diabetic
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mice. P62 is a biomarker reflecting autophagic flux,
and its increased level indicates that autophagic flux is
blocked (42). The above results mean that hyperglycemia
induces autophagy, but hinders autophagic flux. A large
number of autophagosomes accumulating in the cell will
affect the turnover of substances and may interact with
apoptosis-related proteins to increase the cell burden
(43-45). Therefore, induction of functionally impaired
autophagy may make matters worse. 3-MA is an inhibitor
of early autophagosome formation, which inhibits the
formation of autophagosomes by inhibiting PI3K, thereby
reducing the adverse consequences of the accumulation of
autophagosomes (10). In this research, we discovered that
3-MA inhibited autophagy and lowered the accumulation
of autophagosomes in the kidneys of diabetic mice, which is
consistent with the findings of Bao et al. in hyperuricemia
nephropathy (18). This evidence suggests that 3-MA may
play a protective role in the kidneys of diabetic mice by
inhibiting autophagosome formation.

HMGBI1 is a DNA-binding protein that is highly
conserved during eukaryotic evolution, it can regulate the
stability of nucleosome structure and affect the stability of
the binding of transcription factors to target gene sequences
(46-48). Recently, HMGBI1 was found to be a potent pro-
inflammatory cytokine during infection (49). HMGBI is
a recognized alarming of inflammatory response, which
is not only passively released by necrotic cells, but also
autonomously secreted by immune cells, and is involved
in the pathogenesis of various inflammatory responses
(47, 50). HMGBI1 contains two domains, A-box and B-box,
and its B-box can act as an endogenous damage-associated
molecular pattern (DAMP) to bind to TLR4 and activate the
downstream transcription factor NF-«kB, and thus exert its
pro-inflammatory and pro-fibrotic effects(11, 33, 34, 51).
In the present study, we found that the expression level of
HMGBI in the kidneys of diabetic mice was significantly
up-regulated and the downstream NF-kB was activated.
However, 3-MA inhibited the up-regulation of HMGBI in
the kidneys of diabetic mice, which in turn inhibited the
activation of NF-kB. This evidence suggests that 3-MA may
ameliorate renal inflammation and fibrosis in diabetic mice
by inhibiting the activation of the HMGB1/NF-«B signaling
pathway.

Conclusion

Our study demonstrates that the autophagy inhibitor
3-MA can attenuate renal injury in STZ-induced diabetic
mice through multiple pathways. 3-MA ameliorates renal
inflammation, ECM deposition, hypertrophy, and filtration
barrier function in STZ-induced diabetic mice by reducing
blood glucose, inhibiting autophagy, and inhibiting the
activation of the HMGB1/NF-kB signaling pathway.
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