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Aspirin alleviates denervation-induced muscle atrophy via
regulating the Sirt1/PGC-1a axis and STAT3 signaling
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Background: Our prior studies have shown that inflammation may play an important triggering role
during the process of denervated muscle atrophy. The nonsteroidal anti-inflammatory drug aspirin exhibits
the effect of anti-inflammatory factors. This study will investigate the protective effect of aspirin on
denervated muscle atrophy and the underlying mechanism.

Methods: Mouse models of denervated muscle atrophy were established. The protective effect of aspirin
(20 mg/kg/d, i.p.) on denervated muscle atrophy was analyzed using the wet weight ratio of tibialis anterior
(TA) muscle and muscle fiber cross-sectional area (CSA). The levels of inflammatory factors were detected
using quantitative reverse transcription-polymerase chain reaction and enzyme-linked immunosorbent assay.
Sirtuinsl (SIRT1)/Peroxisome Proliferator-Activated Receptor y Co-Activator 1o (PGC-1a) and Signal
transducer and activator of transcription 3 (STAT3) signaling pathway and the muscle fiber type related
proteins in TA muscle after denervation were analyzed by western blot assay.

Results: Intraperitoneal injection of aspirin (20 mg/kg/d) effectively alleviated denervation-induced muscle
atrophy. This mainly manifested as follows: The wet weight ratio of TA muscle and muscle fiber CSA of
mice treated with aspirin were significantly greater compared with mice treated with normal saline. The level
of myosin heavy chain (MHC) increased, and the levels of muscle specific E3 ubiquitin ligase Muscle-specific
RING finger-1 (MuRF-1) and muscle atrophy F-box (MAFbx) were decreased. Mitochondrial vacuolation
and autophagy were inhibited, as evidenced by reduced level of autophagy related proteins PINK1, BNIP3,
LC3B and Atg7 in mice treated with aspirin compared with mice treated with saline. In addition, aspirin
treatment inhibited the slow-to-fast twitch muscle fiber conversion, which were related with triggering the
expression of Sirtl and PGC-1a. Moreover, aspirin reduced the levels of inflammatory factors interleukin-6,
interleukin-1B and tumor necrosis factor-a and decreased the activation of STAT3 signaling pathway.
Conclusions: This is the first study to find that aspirin can alleviate denervation-induced muscle atrophy
and inhibit the type I-to-type II muscle fiber conversion and mitophagy possibly through regulating the
STAT3 inflammatory signaling pathway and Sirt1/PGC-1a signal axis. This study expands our knowledge
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regarding the pharmacological function of aspirin and provides a novel strategy for prevention and treatment

of denervated muscle atrophy.
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Introduction

Peripheral nerve injury is a common clinical disease.
Once the peripheral nerve is injured, the target muscle
will inevitably become atrophic and fibrotic (1-3). The
main strategy of clinical treatment is to promote the
repair and regeneration of injured nerve and delay target
muscle atrophy (4-6). Skeletal muscle atrophy will occur
under the pathophysiological conditions (such as cachexia,
weightlessness, and immobilization) in addition to
denervation (7). Therefore, clarifying the specific molecular
mechanism of muscle atrophy, looking for early triggers of
muscle atrophy, and intervening before the onset of muscle
atrophy may obtain better prevention and treatment effects.

To elucidate the molecular regulatory mechanism of
denervated muscle atrophy, we systematically studied the
process of denervated muscle atrophy by using gene chip
and bioinformatics methods. For the first time, we proposed
that denervated muscle atrophy can be divided into four
different transcription stages: oxidative stress, inflammation,
atrophy, and atrophic fibrosis. This may be explained by the
fact that the target muscle loses its contractile function due
to denervation, resulting in reduced blood flow perfusion
of the target muscle, thus the target muscle is in a relatively
hypoxic state and contributes to the formation of reactive
oxygen species (ROS). If this hypoxic state cannot be
improved in time, then excessive ROS will be produced,
leading to the production of a large number of inflammatory
factors. These inflammatory factors will further activate the
inflammatory response pathway and initiate the expression
of downstream atrophy related genes, which contributes
to the atrophy of target muscle (3). We used antioxidants
pyrroloquinoline quinone, salidroside, and isoquercitrin
to counter oxidative stress reaction in the target muscle
in the early stage after denervation and found that all
these antioxidants significantly inhibited the oxidative
stress reaction in the target muscle after denervation and
delayed the atrophy process of denervated muscle (4,8,9).
However, it is still unclear whether the intervention on the
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inflammatory response in the target muscle at the early
stage after denervation can achieve better prevention and
treatment effect.

The nonsteroidal anti-inflammatory drug Aspirin
is a widely-used drug in the clinic. Studies have shown
that aspirin can inhibit the activation of Interleukin-6
(IL6)/Janus Kinase 2 (JAK2)/Signal transducer and
activator of transcription 3 (STAT3) pathway induced by
lipopolysaccharide in BV-2 microglia (10), regulate the
activity of c-Jun N-terminal kinase (JNK)/STAT?3 pathway
to inhibit inflammation and scar formation caused by tendon
injury (11), and inhibit JAK/STAT3 signaling pathway,
thereby playing a role in inducing the apoptosis of tumor
cells (12,13). In cultured hepatocytes, Aspirin can induce the
activation of Sirtuinsl (SIRT1)/Peroxisome Proliferator-
Activated Receptor y Co-Activator la (PGC-1a)
signal axis, thus affecting mitochondrial metabolism
and energy utilization (14). A previous study has shown
that activation of Sirtl/PGC-1la pathway can evoke slow
oxidative myogenic programs (15). However, the effect
of Aspirin on denervated muscle atrophy has not been
reported. Therefore, in this study, we first established a
mouse denervated muscle atrophy model to explore the
effect of Aspirin on denervated muscle atrophy and the
underlying mechanism.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5460).

Methods
Establisbment of mouse models of sciatic nerve transection

All animal operations in this study was carried out
according to the recommendations of Institutional Animal
Care and Use Committee of Nantong University, China.
Experiments were performed under a project license (No.
§20200312-003) granted by ethics board of Nantong
University, in compliance with national guidelines for the
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care and use of animals. The protocol was approved by the
Institutional Animal Care and Use Committee of Nantong
University (No. $S20200312-003). Adult male ICR mice
(about 20 g) provided by the Laboratory Animal Center
of Nantong University were randomly divided into three
groups of six animals each. Mice were intraperitoneally
injected with mixed narcotics (100 mg/kg ketamine plus
10 mg/kg xylazine). After the mice were fully anesthetized,
disinfection and skin preparation were performed. A
I-cm long incision was made at the femur of the mice.
After blunt separation of the skin and muscle tissues, the
sciatic nerve was exposed and a 1-cm long sciatic nerve
defect was created. After debridement and disinfection,
the incision was sutured. After the surgical incisions were
closed, animals were housed in temperature and humidity-
controlled SPF cages, maintained under 12 h light/12 h dark
cycles, and allowed free access to water and food. Aspirin
(20 mg/kg/d, Den + Asp group) or saline (Den group) was
administrated by intraperitoneal injection after sugruy and
lasted for 14 consecutive days, respectively. In the sham
group (Ctrl group), the mice were subjected to similar
surgical procedures but without sciatic nerve transection,
then equal amount of normal saline was injected. On day
14 after surgery, all mice were killed by euthanasia, and the
tibialis anterior (TA) muscles of each mouse were collected
and then preserved using different methods according to
experimental requirements.

Real-time quantitative polymerase chain reaction

Total RNA of skeletal muscle cells was extracted by Trizol
reagent. After freezing and grinding, 1 mL of Trizol
was added to every 50 mg of tissue. Chloroform was
added for phase separation. RNA was precipitated with
isopropanol and washed with 75% ethanol solution. Then
RNA was reverse-transcribed into ¢cDNA. In a 20 pL
reaction volume, taking cDNA as a template, quantitative
reverse transcription-polymerase chain reaction (RT-
qPCR) was performed at 37 °C for 60 minutes using
iTaq Fast SYBR Green Supermix (Bio-Rad, Hercules,
CA, USA). Primers used for RT-qPCR were as follows:
Mouse IL-6: CTGCAAGAGACTTCCATCCAG,
AGTGGTATAGACAGGTCTGTTGG; mouse
IL-1B: GAAATGCCACCTTTTGACAGTG,
TGGATGCTCTCATCAGGACAG; mouse
TNF-a: CAGGCGGTGCCTATGTCTC,
CGATCACCCCGAAGTTCAGTAG; mouse
GAPDH AACTTTGGCATTGTGGAAGG,
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ACACATTGGGGGTAGGAACA. The cycle threshold (CT
value) was measured, and the relative mRINA expression was
calculated by 2**“" method (16).

Western blot analysis

The total protein of skeletal muscle was extracted by
RIPA lysis buffer. The content of protein was quantified
by bicinchoninic acid method. Thirty microgram of total
protein per lane was loaded and then separated by SDS-
PAGE. After separation, all proteins were transferred onto
a PVDF membrane (Millipore, Billerica, MA, USA). Then
the PVDF membrane was blocked with 5% non-fat milk
in Tris-buffered saline solution. After three washes with
Tris-buffered saline solution, the PVDF membrane was
incubated with the antibodies: mouse anti-MHC (R&D
Systems, Minneapolis, MN) , rabbit anti-MAFbx, rabbit
anti-PINK1, rabbit anti-AT'G7, mouse anti-BNIP3, rabbit
anti-LC3B, rabbit anti-Sirtl and rabbit anti-PGC-1a
(Abcam, Cambridge, UK), rabbit anti-COX2, mouse anti-
p-Jakl (Tyr1034/1035)/Jak2 (Tyr1007/1008), rabbit anti-
p-Stat3 (Tyr705) and rabbit anti-Stat3 (Cell Signaling
technology, MA, USA), rabbit anti-MuRF-1, and mouse anti-
tubulin (Santa Cruz, Santa Cruz, CA) at 4 °C overnight. The
next day, the PVDF membrane was washed three times with
‘Tris-buffered saline solution at room temperature and then
incubated with horseradish peroxidase (HRP) conjugated
secondary antibodies (Sigma-Aldrich, St. Louis, MO, USA)
for 1-2 hours at room temperature. Finally, the target protein
was visualized by enhanced chemiluminescence (Thermo
Scientific, Park Ellisville, MO, USA) in the dark, and the
relative levels of the target protein was analyzed by Image ]
software. The gray value obtained was further standardized
based on the reference control.

Immunofluorescence staining

The TA muscle of mice was fixed with 4% paraformaldehyde.
The fixed muscle tissue was dehydrated by gradient sucrose
solution, and then chopped and cut into 10 pm thick
sections on the quick-freezing table. The sections were
then placed on the adhesive slide and left overnight at
room temperature for drying. The slides to be dyed were
washed with PBS three times for 10 minutes and blocked
with blocking solution for 1 hour. To determine the cross-
sectional area (CSA) of skeletal muscle fiber and the
content of fast twitch muscle fiber, slices were incubated
with laminin antibody (Abcam, Cambridge, UK; dilution
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1:200) and fast myosin skeletal heavy chain antibody
(Abcam; dilution 1:200) at 4 °C for 12 hours, respectively.
Then the slides were incubated with secondary antibody
Alexa Fluor (Invitrogen Antibodies, Waltham, MA, USA)
at room temperature for 60 minutes. Finally, the slides
were photographed with a fluorescence microscope (Zeiss,
Germany) to obtain the CSA of skeletal muscle fiber and
the content of fast twitch muscle fiber.

ELISA assay

Serum interleukin-6 (IL-6), interleukin-1p (IL-1pB), and
tumor necrosis factor-alpha (TNF-a) were detected using
an ELISA kit (Beyotime, Shanghai, China). Fresh whole
blood samples were obtained and kept at room temperature
for 2 hours. The upper layer of serum was separated and
centrifuged at 1,000 xg for 10 minutes at 4 °C. The light-
yellow supernatant was harvested. The standard samples
of different concentrations were added into the designated
holes, with 100 pL supernatant per hole. The holes were
sealed with plastic membrane for 120-minute incubation at
room temperature. The mixture of 50 pL serum sample and
50 pL analytical buffer was incubated for 120 minutes at
room temperature. After addition of biotinylated antibody,
100 pL/hole, the holes were sealed with plastic film, and the
mixture was incubated for 20 minutes at room temperature
in the dark. After five washes, Tris-buffered saline solution,
100 pL/hole, was added. The holes were sealed with plastic
film and the resulting mixture was incubated at room
temperature for 20 minutes in the dark. When the color
of the resulting mixture changed obviously, stop solution,
100 pL/hole, was added. After slight shaking, absorbance
value at 450 nm was immediately measured. Since the
concentration of target protein is directly proportional
to the absorbance at 450 nm, the concentration of target
protein can be calculated by measuring absorbance value at
450 nm by ELISA assay.

Transmission electron microscopy (TEM) analysis

TEM was used to observe the changes of mitochondria
in skeletal muscles. The detailed procedures of TEM for
muscle were previously reported (4,17). Briefly, muscles
were first fixed in 2.5% glutaraldehyde, subsequently were
fixed in 1% osmium tetroxide. Finally, muscle sections were

analyzed by TEM (Hitachi, Tokyo, Japan).
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Statistical analysis

All data are expressed as mean + SD and were statistically
analyzed using GraphPad Prism 8.0.1 software. One-
way ANOVA and Tukey’s post hoc test were used for
data comparison between groups. A P value of 0.05 was
considered statistically significant.

Results
Aspirin alleviated denervated muscle atrophy

Aspirin is a classic antipyretic, analgesic, and anti-
inflammatory drug that is widely used in the clinic. To
determine whether Aspirin can alleviate denervated muscle
atrophy, the wet weight ratio of TA muscle and muscle
fiber CSA of mice were measured in each group. The wet
weight ratio of TA muscle and muscle fiber CSA of mice
in the Den group were significantly lower than those in
the control group. This suggested that mouse models of
denervated muscle atrophy were successfully established.
The wet weight ratio of TA muscle and muscle fiber CSA
of mice in the Den + Asp group were significantly higher
compared with the Den group. These results suggested
that Aspirin can alleviate denervated muscle atrophy
(Figure I).

Aspirin inbibited ubiquitin proteasome bydrolysis in
denervated skeletal muscle

Muscle specific E3 ubiquitin ligases MuRF-1 and MAFbx
are highly associated with muscle atrophy and are one
of the important signs of muscle atrophy (18). MHC
is an important structural protein of muscle fiber and
an important target protein of ubiquitin proteasome
hydrolysis during muscle atrophy (19). Western blot
analysis showed that the level of MHC was significantly
decreased in the Den group, indicating that MHC was
extensively hydrolyzed during denervated muscle atrophy.
Aspirin treatment reversed the decrease of expression of
MHC in denervated muscles. The expression of muscle
specific E3 ubiquitin ligases MuRF-1 and MAFbx increased
significantly after denervation. Aspirin significantly
inhibited the increase of MuRF-1 and MAFbx expression.
This result suggests that Aspirin may inhibit the decrease
of MHC expression induced by denervation through
inhibiting the hydrolysis of ubiquitin protein in denervated
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Figure 1 Aspirin alleviated denervated muscle atrophy. (A) Typical laminin staining images of muscle fiber cross-sections of the tibialis

anterior (TA) muscle (bar: 20 um); (B) statistical chart of muscle wet weight ratio of TA muscle; (C) statistical chart of cross-sectional area of
TA muscle fiber. ***, P<0.001 and ****, P<0.0001 versus Ctrl group; ™, P<0.001 verbs Den group.

skeletal muscle. COX2 can be induced by inflammatory
factors and enhance the inflammatory response. Whether
Aspirin exhibits effects on denervated muscle atrophy can
be confirmed by detecting COX2 expression. Our results
showed that Aspirin significantly inhibited the expression of
COX2 in the TA muscle (Figure 2). These results suggested
that Aspirin can alleviate denervated muscle atrophy by
decreasing the expression of COX2 and further inhibiting
proteasome hydrolysis.

Aspirin inhibited the level of autophagy-related proteins in
the denervated muscle

In current study, vacuolar degeneration and autophagy
were observed in a large number of mitochondria in the
Den group, however, Aspirin could significantly inhibit
mitochondrial vacuolar degeneration and autophagy
(Figure 34). Western blot assay revealed that autophagy-
related proteins PINK1, BNIP3, LC3B and ATG7 in the
Den group were significantly increased. This suggests that
during the process of denervated muscle atrophy, autophagy
occurred in a large number of mitochondria, while Aspirin
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treatment significantly inhibited the increase in the
expression of autophagy-related proteins PINK1, BNIP3,
LC3B and ATG7 (Figure 3B). These results suggested that
Aspirin alleviates denervation-induced muscle atrophy
possibly, which were related to the inhibiting the autophagy
of mitochondria.

Aspirin decreased the expression of proinflammatory
factors after denervation

We had confirmed that denervated muscle atrophy was
closely related with inflammation. qRT-PCR was used to
detect the mRINNA expression of 1L-6, IL-1pB, and TNF-a.
Our results showed that the mRNA expression of 1L-6,
IL-1B, and TNF-a in denervated skeletal muscle was
significantly increased, and Aspirin injection obviously
inhibited the increase of these three inflammatory factors
(Figure 44). At the same time, ELISA was also performed
to measure the protein levels of IL-6, IL-1B, and TNF-a.
Our results showed that the expression of IL-6, IL-1B, and
TNF-a in mouse models of denervated muscle atrophy was
significantly increased, and Aspirin significantly decreased
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Figure 2 Aspirin inhibited the hydrolysis of ubiquitin proteasome in denervated skeletal muscle. (A) Typical western blot images of myosin
heavy chain (MHC), Cyclooxygenase 2 (COX2), muscle specific E3 ubiquitin ligase Muscle-specific RING finger-1(MuRF-1) and muscle
atrophy F-box (MAFbx). (B) Statistical chart of relative expression of MHC, COX2, MAFbx and MuRF1. ***, P<0.001 and ****, P<0.0001
versus Ctrl group; *, P<0.05, , P< 0.01 and ™, P< 0.001, vs. Den group.

the expression of IL-6, IL-1B, and TNF-a (Figure 4B).
Taken together, Aspirin could decrease the expression of
proinflammatory factors induced by denervation.

Aspirin inbibited STAT3 signaling in the denervated
skeletal muscle

Aspirin significantly reduced the level of proinflammatory
factors induced by denervation. To validate whether the
downstream signaling pathways of these proinflammatory
factors are also regulated, we detected JAK2/STAT3 axis,
a classical downstream signaling pathway of IL-6. Our
results showed that phosphorylation of JAK2 and STAT3
are increased significantly after denervation. This suggested
that the STAT3 signaling pathway was significantly
activated after denervation. Aspirin significantly down-
regulated the levels of pJAK2 and pSTAT?3, which indicated
Aspirin effectively inhibit the activation of STAT?3
(Figure 5). We believe that Aspirin may, at least in part,
alleviate denervated muscle atrophy by blocking the STAT?3
signaling pathway.

Aspirin inhibited fiber type conversion in denervated

skeletal muscle

Abnormal slow-to-fast twitch muscle fiber conversion was

© Annals of Translational Medicine. All rights reserved.

closely related with muscle atrophy (20,21). We investigated
the effects of Aspirin on slow-to-fast twitch muscle fiber
conversion after denervation, and found that Aspirin
inhibited the increase in the proportion of type II muscle
fibers in denervated skeletal muscle and increased the
expression of Sirtl and PGC-1a (Figure 6). The Sirt1/PGC-
la pathway can improve muscle fiber energy metabolism
and mitochondrial function and regulate the conversion
of muscle fiber types (14). These results suggested that
Aspirin inhibit the conversion of type I muscle fiber to type
II muscle fiber, which may be related with Sirtl/PGC-1a
pathway, thus alleviating skeletal muscle atrophy after
denervation.

Discussion

Our prior study found that inflammation plays an important
role in triggering the process of denervated muscle atrophy (3).
Theoretically, anti-inflammatory drugs should be able to
inhibit the inflammatory response in denervated skeletal
muscle, thus playing an antiatrophic role. Therefore, we
are eager to know whether anti-inflammatory drugs really
have such effects. In this study, we investigated the effect of
Aspirin, a classical nonsteroidal anti-inflammatory drug, on
denervated muscle atrophy in mice. We found that Aspirin
exhibited excellent anti-atrophic role. This is the first
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Figure 3 Aspirin inhibited mitochondrial autophagy in denervated skeletal muscle. (A) Ultrastructure of muscle fibers observed using
transmission electron microscopy. (B) Western blot and quantification of the autophagy-related proteins of PTEN induced putative kinase 1
(PINK1), BCL2 interacting protein 3 (BNIP3), microtubule-associated protein 1 light chain 3 beta (LC3B) and autophagy related protein 7
(Atg7). **, P<0.01 and ***, P<0.001 versus Ctrl group; *, P<0.05 and ™, P<0.001 versus Den group.

study to found that Aspirin can resist denervated muscle
atrophy. Our study expands our knowledge regarding the
pharmacological function of Aspirin.

Aspirin is a nonsteroidal anti-inflammatory drug
(NSAID). It has classical antipyretic, analgesic, and anti-
inflammatory effects. In orthopedic treatment, Aspirin
can be used to treat tendon injury and reduce the risk of

© Annals of Translational Medicine. All rights reserved.

tendon injury because it can inhibit inflammation and scar
formation through the JNK/STAT3 signaling pathway (11).
After total joint replacement, use of Aspirin for 6 successive
weeks can reduce the risk of venous thromboembolism in
patients (22). The above studies confirmed the classic effects
of Aspirin, among which the strong anti-inflammatory effect
is one of its major characteristics. There is evidence that
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Aspirin can inhibit the increase of inflammatory substances then inhibit the production of IL-6 (24,25).

induced by Chlamydia pneumonia, such as interleukin-8 In this study, we found that Aspirin alleviated the
(IL8), C-reactive protein (CRP), heat shock protein 60 process of denervated muscle atrophy. Our results showed
(HSP60) and tumor necrosis factor-o (TNF-a) (23). that compared with the Den group, the wet weight ratio
In addition, studies have found that nuclear factor (NF)- of TA muscle and muscle fiber CSA of mice treated with
kB may be an important inducer of IL-6 expression, and Aspirin were significantly increased, and the loss of MHC
Aspirin can effectively inhibit the activation of NF-«xB and content was reversed. This occurred possibly because of
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staining and quantification of fast myosin skeletal heavy chain in TA muscle; (B) Western blot and quantification of sirtuin 1 (SIRT1) and
proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a). **, P<0.01 and ***, P<0.0001 versus Ctrl group; ¥, P<0.05, # P<0.01

and ™, P<0.001 versus Den group.

the significant inhibition of protein hydrolysis. This was
also confirmed by our results: The expression of muscle
specific E3 ubiquitin ligases MuRF-1 and MAFbx increased
significantly during the process of denervated muscle
atrophy, while Aspirin significantly inhibited the increase
of MuRF-1 and MAFbx induced by denervation. That is to
say, Aspirin can inhibit the hydrolysis activity of ubiquitin
proteasome in the denervated skeletal muscle. The activation
of autophagic-lysosomal hydrolysis system also plays an
important role during the process of muscle atrophy (26,27).
We found that the expression of autophagy-related proteins
PINKI1, BNIP3, LC3B and AT'G7 increased significantly
during the process of denervated muscle atrophy. This
suggests that autophagy lysosomal hydrolysis system was
activated during the process of denervated muscle atrophy.
We also found that Aspirin significantly inhibited the
expression of autophagy-related proteins PINK1, BNIP3,
LC3B and ATG7 in denervated skeletal muscle, suggesting
that Aspirin inhibited the activity of autophagy lysosomal
hydrolysis system. Studies have shown that inflammation
can activate the expression of E3 ubiquitin ligases MuRF-1
and MAFbx (28,29). We found that the expression of
inflammatory factors IL-6, IL-1 p and TNF-a in denervated
skeletal muscle was significantly increased. This is consistent

© Annals of Translational Medicine. All rights reserved.

with our previous findings that inflammation plays an
important role in triggering the process of denervated muscle
atrophy (3). Aspirin can significantly inhibit the increase
of IL-6, IL-1B and TNF-a in denervated skeletal muscle,
and then inhibit the downstream signaling pathway. For
example, once IL-6 binds to its receptor, it can activate JAK
downstream and further phosphorylate STAT3. pSTAT?3
can enter the nucleus as an active dimer and turn on the
transcription of related functional genes (such as atrophy
related genes) (12). Aspirin has been reported to reduce
the production of inflammatory cytokines (IL-18, IL-6
and TNF-0) in nucleus pulposus cells (NPCs) induced
by lipopolysaccharide (LPS) (30), inhibit the JAK/STAT?3
signaling pathway in patients with rheumatoid arthritis,
promote the apoptosis of fibroblast-like synoviocytes and
inhibit their proliferation (31). In BV-2 microglia, Aspirin
inhibited the activation of IL6/JAK2/STATS3 signaling
pathway induced by lipopolysaccharide (10). These reports
are consistent with our results. Our study found that
Aspirin can effectively reduce the phosphorylation level of
JAK2 and STAT3 in denervated skeletal muscle, that is, it
can significantly inhibit the activation of IL6/JAK2/STAT3
signaling pathways. These results confirm that Aspirin can
inhibit the inflammatory response in denervated skeletal
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Figure 7 A schematic diagram illustrated the proposed mechanism by which Aspirin rescued peripheral nerve injury induces TA muscle

atrophy.

muscle. We speculate that the protective effect of Aspirin
on denervated muscle atrophy is at least partially achieved
by regulating IL6/JAK2/STAT3 signaling pathway.

After the loss of innervation, the skeletal muscle
gradually undergoes irreversible atrophy, which is
accompanied by the increase of the proportion of type II
muscle fiber (fast-switch muscle fiber), and the decrease of
the proportion of type I muscle fiber (slow-switch muscle
fiber), that is, the conversion from type I muscle fiber to
type II muscle fiber. The increased proportion of type
IT muscle fiber may be a stress mechanism of muscle in
response to hypoxia and inflammation, and may also be a
direct cause of muscle atrophy. Sirtl plays an important
role during the process of muscle remodelling. Sirtl can
also increase the activity of PGC-1a, thus promoting
mitochondrial biogenesis (32). PGC-1la can increase
the oxidative capacity of muscle fiber and cause the
conversion from fast-to-slow switch muscle fiber (33).
The activation of Sirtl/PGC-1la signaling pathway
can increase the expression of slow oxidative myogenic
program, that is, Sirt1/PGC-1a signaling pathway can drive
the conversion of muscle fiber types and directly regulate
the physiological function of skeletal muscle (15). Our study
found that the expression of Sirtl and PGC-1a decreased
significantly in denervated skeletal muscle, which may be
the initial factor of slow-to-fast muscle fiber conversion
during the process of denervated muscle atrophy. Kamble
et al. found that Aspirin induced the expression of SIRT1
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and PGC-1a in cultured hepatocytes, therefore affecting
mitochondrial metabolism and energy utilization (14).
These reports are consistent with our results. We found
that Aspirin significantly reversed the downregulation of
Sirtl and PGC-1a in skeletal muscle caused by denervation,
thereby inhibiting the denervation-caused transformation
of type I muscle fiber to type Il muscle fiber. These results
suggest that Aspirin delay the muscle fiber type conversion
and muscle atrophy induced by denervation through Sirtl/
PGC-1a signal axis.

Aspirin may also be involved in the following aspects.
Our prior study found that ROS is closely related to
muscle atrophy (3). Liu ez 4l. (30,34) showed that Aspirin
significantly inhibited the production of ROS and oxidative
stress. This phenomenon may be based on the anti-
inflammatory effect of Aspirin, because ROS can cause
inflammation, and inflammation can also cause ROS
production (35,36). Aspirin can promote angiogenesis.
A previous study showed that local injection of Aspirin
can effectively improve the local immune environment,
promote macrophage polarization, neutrophil infiltration,
and increase vascular tissue regeneration (37). Whether
the mechanism by which Aspirin promotes vascular
regeneration is related to the protective effects of Aspirin
on muscle atrophy remains poorly understood and deserves
further investigation.

Taken together, this study is the first to find that Aspirin
can delay denervated muscle atrophy and the conversion
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of type I muscle fiber to type II muscle fiber possibly, at
least partially through regulating STAT?3 signaling pathway
and Sirtl/PGC-1a signal axis (Figure 7). Our findings add
our knowledge regarding the pharmaceutical function of
the classic drug Aspirin and provides new strategies for
prevention and treatment of denervated muscle atrophy.
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