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ABSTRACT
To investigate the therapeutic mechanism of electroacupuncture (EA) at the “Ciliao point” (BL32) in a mouse model of
stress urinary incontinence (SUI). Thirty-six aged female C57BL/6 mice were randomly assigned to two groups: a model
group  (n =  18)  and  an  EA  treatment  group  (n =  18).  The  SUI  model  was  established  via  vaginal  distension.  EA
stimulation  was  applied  at  the  Ciliao  point  beginning  on  day  2  post-modeling  and  continued  for  7  consecutive  days.
Urodynamic parameters  were assessed using lower urinary tract  catheterization.  Tandem Mass Tag (TMT) quantitative
proteomics  research  method  was  used  to  analyze  the  anterior  vaginal  wall  of  the  mice  in  the  model  group  and  the
electroacupuncture  group,  and  the  differentially  expressed  proteins  were  screened  out.  The  differential  proteins  were
subjected to bioinformatics analysis such as hierarchical clustering analysis of expression levels, Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis, and protein–protein interaction analysis. The results showed
that compared with the model group, the bladder leak point pressure (BLPP), maximum voiding pressure (ALPP), and
maximum  bladder  capacity  (MBC)  values  of  mice  in  the  electroacupuncture  group  all  increased  to  a  certain  extent.
Analysis of proteomics results showed that compared with the model group, there were a total of 317 differential proteins
in  the  electroacupuncture  group,  including  257  up-regulated  proteins  and  60  down-regulated  proteins.  GO  analysis
enrichment showed that differential proteins may play an important role in cellular structure and intracellular localization;
Kegg  enrichment  analysis  showed  that  PI3K-Akt  signaling  pathway,  Notch  signaling  pathway,  NF-kappa  B  signaling
pathway,  estrogen  signaling  pathway  and  other  pathways  were  significantly  up-regulated,  mainly  focusing  on  immune
activation and cell  fate regulation; PPI network construction of differential proteins showed that 319 proteins with high
comprehensive scores of  interacting proteins include Asph, Tcap, Tnnc2, and other proteins.  This study macroscopically
analyzed protein changes and provided certain research ideas for electroacupuncture treatment of SUI.
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 1    Introduction
Stress  urinary  incontinence  (SUI)  and  pelvic  organ  prolapse
(POP)  are  both  classified  as  pelvic  floor  dysfunction  (PFD),
prevalent  conditions  affecting  middle-aged  and  elderly
women  globally  [1, 2].  The  worldwide  incidence  of  SUI  is
notably  high,  predominantly  among  women,  with  the
prevalence  of “bothersome incontinence” escalating  from 2%
in  individuals  aged  20–24  years,  to  9%  at  50–54  years,  and
reaching  16%  by  the  age  of  85  [3].  SUI  patients  frequently
endure  unpleasant  odors  resulting  from  involuntary  urine

leakage,  a  situation  that  can  readily  precipitate  psychological
issues  such  as  social  withdrawal,  anxiety,  and  depression,
earning  it  the  moniker “social  cancer” [4, 5].  According  to
contemporary  medical  theory,  the  onset  of  SUI  is  intricately
linked  to  factors  including  childbirth  [6]  and  the  aging
process  [7].  During  childbirth,  the  fetus  passing  through  the
birth canal may inflict damage on the pelvic floor muscles and
nerves.  Aging,  through  mechanisms  such  as  a  decline  in
physiological  function,  organ  tissue  degeneration,  hormonal
fluctuations,  and  the  accumulation  of  chronic  diseases,
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directly  or  indirectly  heightens  the  risk  of  stress  urinary
incontinence.  Consequently,  the  symptoms  of  SUI  tend  to
intensify  with  advancing  age,  and  its  incidence  rises
correspondingly.

Electroacupuncture stands as a pivotal clinical intervention
for  the  treatment  of  SUI,  functioning  by  stimulating  specific
acupoints  to  regulate  organ  function  and  bolster  bladder
control. It has shown significant efficacy in clinical practice [8]
and  is  recommended  by  the  international  guideline  for  the
treatment  of  SUI.  However,  the  current  number  of  basic
research  documents  on  electroacupuncture  treating  SUI  is
relatively weak. The specific mechanism of electroacupuncture
treating  SUI  is  still  unclear.  There  is  no  study  to  explore  the
specific  mechanism  of  electroacupuncture  improving  SUI
from a macro-protein perspective.

Proteomics  analysis  technology  is  an  important  new
research  and  detection  technology  in  recent  years.  It  can
provide basis and reference for diseases and treatments from a
macroscopic  perspective  of  proteins.  The  differentially
expressed  proteins  identified  can  be  used  to  identify
biomarkers  and  explore  pathogenic  mechanisms  [9, 10],
which  also  provides  us  with  new  methods  and  ideas.  In  this
study, we constructed a mouse model of SUI in aged mice and
tested the effect of electroacupuncture treatment. Through the
systematic  collection  of  anterior  vaginal  wall  and  urethral
tissues  from  mice,  followed  by  tissue  homogenization,
Tandem  Mass  Tag  (TMT)  labeling  of  qualified  protein
samples,  and  identification  of  differentially  expressed
proteins,  we  performed  enrichment  analyses  including  Gene
Ontology (GO) functional annotation, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway mapping, and InterPro
(IPR)  domain  profiling.  This  integrated  approach  aimed  to
elucidate the macroscopic biological functions and interaction
networks of  protein alterations,  thereby providing theoretical
insights  into  the  molecular  mechanisms  underlying
electroacupuncture treatment for SUI in mice.

 2    Result

 2.1    Effect  of  electroacupuncture  on  urinary  motility
in SUI mice
The  statistical  analysis  results  of  bladder  leak  point  pressure
(BLPP),  maximum  voiding  pressure  (ALPP),  and  maximum
bladder  capacity  (MBC)  values  are  shown  in Table  1.  The
results  showed  that  compared  with  the  model  group,  the
electroacupuncture  group  could  increase  the  BLPP,  ALPP,
and  MBC  values  to  a  certain  extent,  with  statistical
significance  (P <  0.001),  indicating  that  electroacupuncture
can effectively improve the urinary control ability of SUI mice.

 2.2    Overall  protein  principal  component  analysis
(PCA) visualization
The PCA plot displays the EA group in blue, with three samples

(EA1,  EA2,  and EA3) showing negative  values  on PC1 and a
broad  distribution  along  PC2.  In  contrast,  the  model  group,
represented in  orange,  consists  of  three  samples  (con1,  con2,
and  con3)  that  exhibit  positive  PC1  values  and  are  clustered
on  the  right  side  of  the  plot.  A  clear  separation  between  the
EA  and  model  groups  is  evident  along  the  PC1  axis,
suggesting  significant  differences  in  their  protein  expression
patterns.  Furthermore,  samples  within each group are  tightly
clustered,  indicating a high degree of  similarity among them.
The  PCA  plot  showed  that  there  was  a  clear  difference  in
protein expression between the EA group and the con group,
which  may  reflect  the  differences  in  biological  status  or
treatment  conditions  between  the  two  groups  (Fig.  1).  The
relative standard deviation (RSD) plot shows that the median
RSDs  of  both  the  EA  group  and  the  con  group  are  low  and
close. The bin lengths of the two groups are similar, indicating
that the middle 50% of the data range (IQR) of the two groups
of data is similar. There are tall whiskers and multiple outliers
in both groups, indicating that there are some data points with
high variability (high RSD) in both groups Fig. 2.

 2.3    Differentially  expressed  protein  expression  and
differential fold (FC) distribution
As shown in Figs. 2A and 2B, by analyzing and identifying the
anterior vaginal wall tissue samples of mice in the two groups,
a total of 5652 proteins were obtained. After preprocessing the
data,  5611  detected  proteins  were  retained.  After  screening
differentially expressed proteins and comparing with the sham
operation  group,  317  differentially  expressed  proteins  were
identified in the model group, of which 257 proteins including
Apc13,  Crabp1,  Pmel,  Nrbf2,  Impdh1,  Ilrun,  Leg1,  Col6a5,
and Esp8 were up-regulated, and 60 proteins including Prr33,
Mybpc1, Cacnb1, Obscn, Phkb, and Ttn were down-regulated.
The differential  protein screening conditions are:  when FC ≥
1.60 and P ≤ 0.05, screen for up-regulated expressed proteins;
when  FC  ≤  1/1.60  and P ≤  0.05,  screen  for  down-regulated
expressed proteins.

 2.4    GO functional annotation analysis
As shown in Fig 3, through enrichment analysis of the selected
differentially  expressed  proteins,  it  was  found  that  compared
with  the  control  group,  the  main  biological  process  (BP)
annotation  information  of  the  differentially  expressed
proteins  in  the  electroacupuncture  group  includes:  Class  J
(translation,  ribosome  structure  and  biogenesis)  has  the
highest  frequency;  Class  O  (post-translational  modification,
protein  turnover,  chaperones)  and  Class  R  (general  function
prediction only) also have higher frequencies; Class C (energy
production  and  conversion),  Class  M  (cell  wall/membrane/
envelope biogenesis), Class U (intracellular transport, secretion
and  vesicle  transport)  also  have  relatively  high  frequencies.
The frequencies of Class A (RNA processing and modification),
Class V (defense mechanism),  and Class Z (cytoskeleton) are
lower.

 

x̄± sTable 1    ALPP and BLPP ( ) of mice in each group

Group BLPP ALPP MBC

Control group 19.91 ± 2.356 19.60 ± 2.3916 61.97 ± 9.882

Electroacupuncture group 29.74 ± 2.074 29.28 ± 1.872 82.02 ± 5.662

P < 0.001 < 0.001 < 0.001
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Figure 1    (A) Two-dimensional (2D) PCA plot; (B) RSD boxplot.
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Figure 2    (A) Protein difference analysis—volcano plot; (B) protein difference analysis—heat map.

 

30

20

Fr
eq

ue
nc

y

10

0

A B C D E F GH I J K L M
Function class

COG function classification of consensus sequence

NO PQR S T U VWX ZY

A: RNA processing and modification
B: Chromatin structure and dynamics
C: Energy production and conversion
D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism
F: Nucleotide transport and metabolism
G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis
K: Transcription
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms
W: Extracellular structures
X: Mobilome: prophages, transposons
Y: Nuclear structure
Z: Cytoskeleton

Figure 3    GO functional annotation analysis chart of differentially expressed proteins

3Aging Research

 

https://www.sciopen.com/journal/2957-8701

https://www.sciopen.com/journal/2957-8701
https://www.sciopen.com/journal/2957-8701
https://www.sciopen.com/journal/2957-8701


 2.5    GOslim  annotation  and  enrichment  analysis  of
differentially expressed proteins
As  shown  in Fig.  4,  the  GOslim  annotation  and  enrichment
analysis  of  differentially  expressed  proteins  revealed  that,  in
terms  of  cellular  components,  these  proteins  were  primarily
enriched in categories such as “cellular anatomical entity” and
“intracellular”,  encompassing  252  and  186  proteins,
respectively.  This  suggests  that  the  differentially  expressed
proteins  may  play  crucial  roles  in  cellular  structure  and
intracellular  localization.  Regarding  molecular  functions,
“binding” and “catalytic activity” emerged as the predominant
functional  categories,  containing  50  and  11  proteins,
respectively,  indicating  that  these  differentially  expressed
proteins  may  participate  in  key  molecular  interactions  and
catalytic  reactions.  In  terms  of  biological  processes,  the
differentially  expressed  proteins  were  mainly  involved  in
fundamental  biological  processes  such  as “cellular  process”
and “metabolic  process”,  including  66  and  27  proteins,
respectively,  suggesting  that  these  proteins  may  play
significant roles in cellular activities and metabolic pathways.

 2.6    KEGG annotation and enrichment of differential
proteins
Taking KEGG Pathway as the unit, apply hypergeometric test
to find the pathway that is significantly enriched in differential
proteins  compared  with  the  background  of  all  identified

proteins.  The  results  show  that  biological  processes  (e.g.,
metabolic  reprogramming,  immune  response)  may  be
significantly  altered.  The  upregulated  signaling  pathways
include  PI3K-Akt  signaling  pathway,  Notch  signaling
pathway,  NF-kappa  B  signaling  pathway,  Fc  gamma  R-
mediated  phagocytosis,  Fc  epsilon  RI  signaling  pathway,
estrogen  signaling  pathway,  etc.,  which  mainly  focus  on
immune  activation  and  cell  fate  regulation  (Fig.  5A).
Downregulated  signal  transduction  pathways  include  Wnt
signaling pathway, AMPK signaling pathway, cAMP signaling
pathway, calcium signaling pathway, PPAR signaling pathway,
etc., mainly focusing on cell metabolic activity Fig. 5B.

 2.7    Construction  of  PPI  network  for  differential
proteins
As  shown  in Fig.  6,  the  PPI  network  construction  of
differentially expressed proteins used the STRINC database to
construct  a  protein–protein  interaction  (PPI)  network
diagram  of  the  interaction  relationships  between  the
differentially  expressed  proteins  screened  out  in  each  group,
and the species was selected as Rattus norvegicu (rat). Import
the  data  into  Cytoscape  3.7.2  for  PPI  network  construction.
When the confidence level is 0.7, the interacting proteins with
higher  comprehensive  scores  include  Asph,  Tcap,  Tnnc2,
Tnnc2,  Tnni2,  Atp2a1,  Myh4,  Atp2a1,  Jph1,  Eno3,  Ryr1,
Obscn, Tnni1 and other 319 proteins.
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Figure 4    (A) GOslim annotation results of proteins; (B) GO annotation results of all proteins.
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 2.8    Verification  of  KEGG  signal  transduction
pathways
To  further  elucidate  the  effects  of  electroacupuncture  on
differential  proteins  and signal  transduction pathways  within
mouse  pelvic  floor  tissues,  we  selected  the  PI3K/AKT
signaling  pathway—a  highly  significant  and  relatively  classic
pathway  closely  associated  with  electroacupuncture—for
validation.  Using  Western  blotting,  we  assessed  the  protein
expression  levels  of  phosphorylated  PI3K  and  AKT.  The
results  demonstrated  that  the  expression  of  phosphorylated
PI3K and AKT proteins in EA group was significantly elevated
compared  to  the  control  group,  with  statistically  significant
differences observed (Fig. 7).

 3    Discussion
Electroacupuncture,  as  a  theoretical  therapeutic  approach
rooted  in  traditional  Chinese  medicine,  which  is  gaining
increasing  international  recognition  [11–13].  According  to

traditional  Chinese  medicine  theory,  SUI  primarily  arises
from  a  deficiency  of  spleen  and  kidney  qi,  coupled  with
stagnation  of  middle  qi,  leading  to  a  loss  of  bladder  qi  and
compromised  urinary  control.  Electroacupuncture  integrates
traditional  acupuncture  with  electrical  stimulation  to  exert
therapeutic  effects  by  regulating  the  flow  of  qi  and  blood
within the meridians. From a modern medical perspective, the
amelioration of SUI symptoms by electroacupuncture may be
attributed  to  its  activation  of  pelvic  floor-related  conduction
pathways,  reduction  of  collagen  degradation,  and
enhancement  of  collagen  production  [14, 15].  Nevertheless,
the  fundamental  theoretical  mechanisms  underlying
electroacupuncture’s  efficacy  in  treating  female  SUI  remain
unclear,  and  there  is  a  notable  lack  of  basic  theoretical
research  exploring  the  macroscopic  effects  of
electroacupuncture on SUI treatment.

Proteomics TMT technology is a relatively new technology
that can achieve simultaneous quantitative analysis of multiple
groups of samples through isotope labeling. Its core advantage

 

Figure 6    Protein–protein interaction network diagram
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lies  in  systematically  analyzing  the  protein  dynamic  change
network  from  the  macro  level  [16, 17].  This  technology  can
label up to 16 groups of samples at one time, breaking through
the sample processing capacity limitations of traditional two-
dimensional  electrophoresis  or  ordinary  mass  spectrometry.
High-precision  quantification  (quantitative  error  <  20%)
combined with a wide dynamic range (covering 5–6 orders of
magnitude) can accurately capture changes in low-abundance
proteins,  revealing  key  regulatory  factors;  furthermore,  by
integrating  bioinformatics  analysis,  TMT  data  can  construct
protein  co-expression  networks,  identify  functional  modules
and  signaling  pathways,  and  elucidate  disease  mechanisms
from  a  systemic  macro  perspective.  This  technology  also
provides  a  new direction for  exploring the overall  dimension
of electro-acupuncture treatment.

In  this  study,  we  constructed  SUI  mice  by  performing
vaginal dilation (VD) modeling on aged mice, and performed
electroacupuncture  treatment  on  them  according  to  the
methods  documented  in  the  literature  [18].  The  results
showed  that  the  urodynamics  of  mice  treated  with
electroacupuncture were better improved, which was reflected
in the increase in BLPP and ALPP values, which demonstrated
that  electroacupuncture has  a  good therapeutic  effect  on SUI
mice.  On  this  basis,  we  further  examined  the  pelvic  floor
tissue  of  mice  through TMT proteomics.  The  results  showed
that  a  total  of  317  differentially  expressed  proteins  were
identified  between  the  electroacupuncture  group  and  the
model  group,  of  which  257  were  up-regulated  and  60  were
down-regulated.  Among  the  up-regulated  proteins,  APC13
was  significantly  enhanced.  APC13  is  involved  in  regulating
cell  cycle  progression  and plays  an  important  regulatory  role
in  cell  division,  proliferation  and  genome  integrity  [19].
Crabp1 is a protein related to metabolism [20]. Its expression
increases after electroacupuncture stimulation, suggesting that
electroacupuncture  may  activate  Crabp1  neurons  to
significantly  increase  the  body's  energy  consumption  and
regulate  metabolism.  Nrbf2  is  a  key  protein  related  to
autophagy  [21],  and  its  activation  suggests  that
electroacupuncture  may affect  autophagy levels  by  regulating
autophagy-related  signaling  pathways.  In  addition,  the
expression  of  Col6a5  protein  was  also  screened,  further
indicating  that  electroacupuncture  promotes  collagen
deposition  and  affects  changes  in  extracellular  matrix
components.  However,  among  the  down-regulated  proteins,
we found that muscle-related proteins represented by Mybpc1
were down-regulated. The down-regulation represents muscle
fatigue, which may be related to the frequency and duration of
electro-acupuncture.  Therefore,  this  suggests  that  although
the frequency and duration of electro-acupuncture reported in
previous  literature  or  experiments  can  improve  urinary
incontinence  symptoms,  there  may  be  excessive  muscle
fatigue, which is also a point that should be paid attention to
during the experiment.

By  further  conducting  expression  level  hierarchical
clustering  analysis,  GO  and  KECG  functional  annotation
analysis,  and  PPI  analysis  on  the  identified  differentially
expressed  proteins,  an  attempt  was  made  to  further  explore
the  key  mechanisms  of  electroacupuncture  treatment.  The
results showed that the differentially expressed proteins in the
electroacupuncture  group  were  mainly  concentrated  in
biological  processes.  Kegg analysis  showed that  D-Glutamine

and D-glutamate metabolism pathways were significantly up-
regulated,  suggesting  that  this  metabolic  process  may  be
strongly  activated  under  the  study  conditions;  Alanine,
aspartate  and  glutamate  metabolism,  and  Fc  gamma  R-
mediated  phagocytosis  and  other  pathways  were  also
significantly  up-regulated,  which  may  be  related  to  immune
response or  amino acid metabolism reprogramming,  and the
classic  signal  transduction  pathway  PI3K/AKT  and  Notch
signal  transduction  pathways  were  activated,  suggesting
enhanced  cell  survival  and  tissue  repair  mechanisms,  anti-
inflammatory and immunomodulatory synergistic effects, and
also  suggests  that  there  may  be  cell  chemotaxis  and  cell
differentiation, which may be related to tissue stem cell repair
or  immune  repair.  In  addition,  the  NF-κB  and  estrogen
signaling pathways are activated, which may be related to the
fact  that  electroacupuncture  temporarily  promotes
inflammation  in  the  body  and  promotes  immunity  [22, 23],
while  the  estrogen  signaling  pathway  may  be  related  to
delaying  aging.On  the  contrary,  Adipocytokine  signaling,
AMPK  signaling  pathway,  etc.  were  significantly  enriched  in
down-regulated  pathways,  indicating  that  energy  metabolism
regulation or  cell  signaling  may be  inhibited [24].  Combined
with  the  differential  protein  GOslim  annotation  and
enrichment  results,  the  metabolic  reprogramming  and
immune response parts may be significantly changed, further
indicating  that  electroacupuncture  affects  the  biological
processes and molecular functions of mice. At the same time,
in order to further verify the omics analysis results, we verified
the  classic  signaling  pathway  PI3K/AKT pathway  proteins  to
further  illustrate  the  scientific  nature  of  the  TMT  omics
analysis results.

The  PPI  network  of  differential  proteins  further  showed
that  interacting  proteins  with  higher  comprehensive  scores
include Asph. Asph is a key enzyme that is mainly involved in
protein  hydroxylation  modification  and  plays  an  important
regulatory role in extracellular matrix (ECM) remodeling [25],
stem cell differentiation [26], and cell migration [27]. Current
research  suggests  that  its  function  may  involve  ECM
remodeling:  modifying  collagen  through  hydroxylation,
promoting  ECM  assembly,  affecting  tissue  elasticity  and  cell
adhesion;  cell  migration  and  invasion:  hydroxylation  events
regulate  integrin  signaling  and  cytoskeletal  dynamics;
promoting  cell  migration  and  metastasis  and  hypoxia
response:  its  expression  is  up-regulated  in  hypoxic
environments,  participating  in  tumor  microenvironment
adaptation  and  angiogenesis,  which  further  confirms  that
electroacupuncture  may  promote  collagen  expression  and
regulate  immune-related  functions.  The  TCAP  protein  with
the  second  highest  score  is  a  structural  protein  specifically
expressed  in  the  heart  and  striated  muscle.  It  is  related  to
muscle  contraction,  suggesting  that  electroacupuncture
stimulates muscle contraction. In this study, it may be related
to muscle fatigue.

In  summary,  the  analysis  of  proteomics  results  of
electroacupuncture  mice  and  model  mice  suggests  that
electroacupuncture may be related to promoting extracellular
matrix  reconstruction  (collagen  production),  regulating  cell
proliferation,  cellular  immunity  and body  inflammation,  and
promoting cell migration (possibly repairing stem cells). This
further  provides  us  with  ideas  for  subsequent  exploration  of
the  therapeutic  effect  mechanism  of  electroacupuncture.  At
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the  same  time,  it  also  reminds  us  that  the  frequency  and
duration  of  electroacupuncture  may  cause  muscle  fatigue  in
the  body,  which  deserves  more  rigorous  exploration  and
control by researchers and operators. However, the amount of
data  generated  by  proteomic  TMT  technology  is  large  and
complex,  and  data  analysis  is  difficult.  The  results  obtained
still  need  to  be  verified  and  are  not  completely  credible.
Moreover,  the  body is  a  complete  and interconnected whole,
and there are still individual differences and batch differences.
Therefore,  the  relevant  mechanisms of  electroacupuncture  in
the  treatment  of  SUI  are  still  worthy  of  further  in-depth
research and exploration.

 4    Materials and methods

 4.1    Animals
Specific pathogen free (SPF) grade 18–20 weeks old C57BL/6
female  mice,  body  weight  19–21  g,  40  mice,  purchased  from
Zhuhai  Baishitong  Biotechnology  Co.,  Ltd.  (SCXK
(Guangdong)  2020-0051).  The  mice  were  raised  in  the  SPF
grade animal room of the Experimental Animal Management
Center of Jinan University, with a temperature of (24 ± 2) °C,
a  relative  humidity  of  (50%  ±  10%),  12  h/12  h  circadian
rhythm, free access to food and water. This study was divided
into electroacupuncture group and model group, with 15 mice
in  each  group.  The  model  group  used  the  VD  method  to
create a model, and the electroacupuncture group was treated
with  electroacupuncture  after  the  VD  model  was  created  in
the mice. No mice died during the entire experiment.

 4.2    Construction of mouse SUI model
The  VD  method  was  used  to  construct  a  classic  model  of
SUI  [28, 29]:  mice  were  fixed  in  the  supine  position  and
anesthetized  with  isoflurane  gas.  The  corrected  6-Fr  Foley
catheter  was  inserted  into  the  vagina  of  the  mice  in  the  SUI
model  group,  0.4  mL  of  normal  saline  was  injected  into  the
balloon  for  expansion,  and  20  mL  of  liquid  in  a  centrifuge
tube  was  pressurized  for  suspension.  After  1  h,  the  catheter
was  pulled  out,  and  the  sneeze  test  was  used  to  evaluate
whether the SUI mouse model was successfully constructed.

 4.3    Acupoint  selection  and  intervention  at  “Ciliao
point” in mice
Refer  to  the “Animal  (Mouse)  Acupuncture  Point  Map” in
“Experimental  Acupuncture” for  acupoint  selection  and
location [30].  The Ciliao point of  the mouse is  located in the
second  posterior  sacral  foramen.  Acupoints  were  selected
using  the  coordinate  positioning  method:  The  mice  in  the
experimental  group  were  placed  in  a  prone  position  after
being anesthetized by isoflurane. The origin of the coordinates
was first found in the center of the hairline on the back of the
tail. The line connecting the spinous processes was the Y-axis,
the  horizontal  axis  perpendicular  to  it  was  the  Continuous
wave electroacupuncture was used, with a frequency of 30 Hz
and  an  intensity  of  0.1  mA.  The  needle  was  retained  for  20
min, once a day, for 7 days.

 4.4    Mouse urodynamic testing
The  urodynamic  test  was  performed  using  the  simulated
human  urethral  bladder  catheterization  method  previously

improved by our team, and Powerlab was used to record the
urine  movement  curve  [31].  After  the  mouse  is  anesthetized
with isoflurane, lubricate the 24-gauge indwelling needle with
lubricant,  lift  the  urethra  orifice  of  the  mouse,  and  insert  a
urinary  catheter.  Adjust  the  length  of  the  indwelling  needle
until  urine  flows  out,  connect  the  Luer  flat-mouth  sampling
needle and lubricate it with lubricant, and adjust the injection
volume of the syringe pump after fixing it.  The peak value of
the  curve  corresponding  to  the  first  drop  of  urine  from  the
mouse urethra is recorded as BLPP, and the amount of water
injected at this time is the bladder capacity. Empty the bladder
again, lubricate and insert the Luer needle, pump liquid to half
the  bladder  capacity,  use  a  cotton  swab  to  gently  press  the
lower abdomen of the mouse, simulate the Valsalva maneuver
to increase the abdominal pressure, and record the peak value
of  the  curve  when  urine  appears  at  the  urethra  orifice  as  the
ALPP.

 4.5    TMT detection
After  all  mice  were  tested  for  urodynamics,  they  were  given
isoflurane  to  induce  anesthesia  (4  mL/min)  and  maintain
anesthesia (2–3 mL/min). The hair in front of the vagina was
removed  to  fully  expose  the  vagina  and  urethra.  Use  small
forceps  to  lift  the  urethra,  and cut  the  urethra  and the  entire
front vaginal wall along both sides with scissors. In the sample
pre-processing  stage,  protein  extraction  quality  control  was
first  performed.  300  μL  of  8M  urea  lysis  solution  containing
protease inhibitors was added. After ultrasonic treatment, the
supernatant  was  centrifuged  for  protein  quantification  and
sodium  dodecyl  sulfate-polyacrylamide  gel  electrophoresis
(SDS-PAGE)  quality  control,  before  being  enzymatically
desaltized.  We  took  100  μg  of  protein,  added  dithiothreitol
(DTT)  and  iodoacetamide  (IAM)  in  sequence  for  reductive
alkylation,  diluted  the  sample  to  pH=8  with  ammonium
bicarbonate,  and  added  trypsin  at  a  ratio  of  50:1  between
protein  and  trypsin  to  enzymatically  digest  the  sample  at
37 °C overnight. The reaction is terminated with FA the next
day,  and  then  desalted  through  a  C18  desalting  column,
activated  with  100%acetonitrile  (100%  ACN),  equilibrated
with  0.1%  formic  acid  (0.1%  FA),  loaded  with  samples,
washed  with  impurities,  and  70%ACN  was  eluted,  and  the
flow-through  was  collected  and  lyophilized.  Then  label  the
sample,  thaw  the  TMT  reagent  at  room  temperature,  add
acetonitrile,  add  the  enzyme-digested  sample,  react  at  room
temperature for  1  h,  terminate with ammonia water,  mix the
labeled  sample,  vortex,  centrifuge,  and  vacuum  freeze  and
centrifuge dry. The fractions are then divided, and the mixed
labeled  samples  are  dissolved  in  mobile  phase  A,  centrifuged
to  take  the  supernatant,  and  subjected  to  high-performance
liquid  phase  fractionation to  adjust  the  proportion of  mobile
phase  B  according  to  a  specific  time  gradient.  During  LC-
MS/MS  mass  spectrometry  analysis,  prepare  mobile  phase  A
and  B  solutions,  dissolve  the  freeze-dried  powder  and
centrifuge  to  take  the  supernatant  for  injection.  Use  a  mass
spectrometer (Orbitrap Fusion Lumos, Thermo Fisher) to set
relevant parameters and use data-dependent acquisition mode
to  generate.raw  data.  This  time,  the  Uniprot_Pseudomonas
syringae pv. tomato database was selected.

 4.6    Western blotting testing
Total  proteins  were  extracted  from  frozen  specimens  using
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radio  immunoprecipitation  assay  lysis  (RIPA)  buffer
containing  phenyl  methane  sulfonyl  fluoride  (PMSF),  and
protein concentrations were determined using a bicinchoninic
acid  (BCA)  protein  assay  kit  (Beyotime,  Shanghai,  China).
After  mixing  with  loading  buffer  (200  mmol/L  dithiothreitol
(DTT),  40  mmol/L  Tris/HCl,  40%  glycerol,  4%  SDS,  pH  6.8,
0.032% bromophenol blue) and denaturing at 95 °C for 5 min,
protein  samples  were  separated  by  electrophoresis  in  a  10%
SDS-PAGE  gel  (30  μg  per  lane)  and  then  transferred  onto
PVDF membranes. Following a 1-hour blocking step at room
temperature,  the  membranes  were  incubated  with  primary
antibodies  overnight  at  4  °C.  Subsequently,  the  membranes
were  incubated  with  fluorescently  labeled  (IRDye700  and
IRDye800)  goat  anti-mouse/rabbit  secondary  antibodies
(1:10,000,  LI-COR,  Lincoln,  NE,  USA)  for  1  hour  at  37  °C.
Signals  were  detected  using  the  Odyssey  infrared  imaging
system  (LI-COR  Biosciences).  PI3K  primary  antibody
(proteintech,  20584-1-AP);  p-PI3K  primary  antibody  (CST,
Catalog #4228); AKT primary antibody (CST, #9272); p-AKT
primary  antibody  (CST,  #4060);  Gapdh  primary  antibody
(CST, #2118).
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