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Abstract
Objective: To investigate the effect of Adipose-Derived Stem Cells (ADSCs) on the proliferation 
and dedifferentiation of Schwann Cells (SCs) at the early stage of Wallerian Degeneration (WD) by 
constructing an in vitro rat model.

Methods: After extracting subcutaneous adipose tissue from the groin of Sprague-Dawley (SD) rats 
under sterile conditions, ADSCs were isolated and cultured in vitro. ADSC morphology and growth 
status were observed by inverted microscopy, and surface markers were examined by flow cytometry. 
WD in an in vitro rat model was created using sciatic nerves, which were divided randomly into 
experimental and control groups. In the experimental group, sciatic nerves and ADSCs were co-
cultured without contact, while sciatic nerves were cultured alone in the control group. Real time 
PCR was conducted to detect p75NTR and MPZ mRNA expression at different time points (0 h, 24 
h, and 72 h), and p75NTR and MPZ protein expression was detected after in vitro culture for 72 h 
by Western blotting. SC proliferation and apoptosis in both groups were examined at different time 
points (24 h, 48 h, and 72 h) by Immunohistochemistry (IHC) and TUNEL staining, respectively.

Results: Flow cytometry showed that CD90 and CD105 were highly expressed in ADSCs, but CD34 
was barely expressed. After 72 h of culture, the mRNA expression of the dedifferentiation marker 
p75NTR was greatly increased, and a significant growth trend was found in the experimental group 
(P<0.05). The mRNA expression of the differentiation marker MPZ was gradually reduced, with a 
more obvious decreasing trend in the experimental group (P<0.001). In addition, compared with 
that in the control group, p75NTR protein expression was significantly higher after 72 h of co-culture 
(P<0.05), and MPZ expression was significantly lower (P<0.001). In addition, Ki67 expression was 
significantly higher in the experimental group than in the control group according to IHC, and the 
apoptosis rate was lower in the experimental group according to TUNEL staining.

Conclusion: ADSCs might promote SC proliferation and dedifferentiation in WD and inhibit 
apoptosis.

Keywords: Adipose-derived stem cells; Schwann cells; Wallerian degeneration; Proliferation; 
Dedifferentiation

Introduction
Regenerative medicine, as a potential emerging field of medicine, can restore the function of 

damaged tissues by repairing, replacing or regenerating organs and tissues [1]. Humans have limited 
ability to regenerate tissues and organs. When peripheral nerve injury occurs, Wallerian Degeneration 
(WD) occurs. The number and proliferation of Schwann Cells (SCs) remaining in the lesion are the 
key factors affecting nerve regeneration and repair. During this process, SCs dedifferentiate, secrete 
many types of growth factors, and promote axonal growth and myelination, thereby promoting 
nerve regeneration and repair. Moreover, these factors activate a series of repair-related phenotypes 
[2-4]. Stem cells, as seed cells for regenerative medicine and tissue engineering, are a group of cells 
with high proliferation, self renewal capacity and multidirectional differentiation. We know that 
SCs dedifferentiation is the basis of peripheral nerve regeneration, and the early stage of WD after 
peripheral nerve injury is an important period for SC dedifferentiation and proliferation. Previous 
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studies have shown that Adipose-Derived Stem Cells (ADSCs) can 
be induced to differentiate into an SC-like phenotype in vitro and 
can express nerve growth factors similar to SCs, thus promoting the 
regeneration of myelin and axons in animal models of peripheral 
nerve injury [5]. Other studies found that ADSCs can promote 
proliferation and vascular endothelial growth factor (VEGF), Glial 
cell line Derived Nerve growth Factor (GDNF) and Nerve Growth 
Factor (NGF) expression in SCs, which might support and enhance 
the regeneration process of injured nerve axons [6,7]. However, 
there is no research on the effects of ADSCs on SC dedifferentiation. 
Based on the characteristics of ADSCs and previous studies related 
to nerve regeneration, we hypothesized that ADSC intervention may 
have a positive effect on SC proliferation and dedifferentiation after 
peripheral nerve injury in the early stage of WD. Previous studies 
on WD in peripheral nerve injury have focused mainly on in vivo 
models, which are easily affected by many factors in the body. Neither 
of these methods can reflect the true influence of SCs on the effect of 
the intervening factors in WD. Therefore, this study used an in vitro 
WD model, which was first reported by Thomson et al. [8]. In this 
study, Sprague-Dawley (SD) rat sciatic nerve tissue was cultured in 
vitro with SD rat ADSCs using a noncontact co-culture technique to 
investigate the effect of ADSC intervention on SC dedifferentiation 
and proliferation in WD after peripheral nerve injury. Our findings 
provide a new ideas regarding regeneration and repair after peripheral 
nerve injury and further reveal the role of ADSCs in regenerative 
medicine.

Materials and Methods
ADSC isolation and culture

ADSCs were isolated from subcutaneous adipose tissue from 
fresh SD rats by the type I collagenase method. Briefly, the adipose 
tissue was rinsed with Phosphate-Buffered Saline (PBS) (Gibco, 
America) with 2% penicillin-streptomycin (Gibco, America), minced 
and digested with 0.1% type I collagenase (Sigma, America) for 60 
min at 37°C. The centrifugal tube was manually oscillated every 10 
min during the digestion. After the adipose tissue was digested into 
chylomicrons, Fetal Bovine Serum (FBS) (Invitrogen, America) was 
added to stop the digestion. The samples were centrifuged at 1200 
rpm for 5 min, and the upper layers were discarded. The bottom cell 
layers were re-suspended, and the undigested tissue was removed 
by filtration through a 70-μm cell strainer; after centrifugation at 
1200 rpm for 5 min, the upper layer was discarded. The cells were 
seeded in low-sugar DMEM containing 10% FBS and 1% penicillin-
streptomycin and cultured in a 5% CO2 incubator at 37°C. After 24 
h, the cells were observed under a microscope, and the medium was 
changed to discard nonadherent cells.

Flow cytometry
ADSCs expanded to passage three were washed 3 times with PBS, 

and the adherent cells were digested with 0.25% trypsin-EDTA to a 
single cell suspension; after centrifugation at 1200 rpm for 5 min, the 
supernatants were discarded. The cell density was adjusted to 1 × 106 
to 5 × 106/ml, and after centrifugation at 1200 rpm for 5 min, the 
supernatants were discarded. The cells were re-suspended by adding 
PBS, and fluorescently labeled monoclonal antibodies for CD34, 
CD90, and CD105 (Abcam, America) were added and incubated 
at 4°C for 30 min in the dark. Next, the cells were washed 3 times 
with PBS, and ADSC surface marker expression was detected by flow 
cytometry.

In vitro WD model
All experimental protocols involving the use of rats were approved 

by the Ethics Committee for Animal Research of the Ninth People's 
Hospital affiliated with Shanghai Jiao Tong University. According 
to the preparation method of in vitro WD reported by Thomson et 
al. [8] and our experimental needs, a modified version of the SD rat 
in vitro degeneration model was prepared. Six- to eight-week-old 
healthy male SD rats were euthanized with 10% chloral hydrate, and 
the rats’ bilateral buttocks and hind thigh hair were removed. After 
disinfection, the bilateral sciatic nerve was fully exposed, and the rat 
sciatic nerve was cut. Under a stereomicroscope, the neuroepithelium 
was completely removed, and the stripped nerve was placed in 
DMEM containing 10% FBS, 100 U/ml penicillin and 100 mg/ml 
streptomycin at 37°C with 5% CO2. The rat sciatic nerve begins the 
process of WD after it is isolated. Schwann cells and fibroblasts are 
the main non-neuronal cell components in the peripheral nervous 
system. When WD occurs in peripheral nerve injury, macrophages 
begin to be recruited and aggregate after three days. After removing 
the main fibroblast component, the neuroepithelium, from the rat 
sciatic nerve, the main cellular component in the in vitro model is 
SCs, which were the main observation object of our experiment.

RNA extraction, real-time PCR, and PCR analysis
Total RNA was extracted from the sciatic nerves of SD rats 

cultured in vitro according to the manufacturer’s protocol, and the 
total RNA concentration and purity were determined. mRNA was 
reverse transcribed into cDNA, and the primers were designed and 
synthesized by Shanghai Biotech Co., Ltd. The primer design sequence 
is shown in Table 1. Then, real-time PCR was performed. After the 
reactions were terminated, the amplification and dissolution curves 
were confirmed, and the mRNA expression amount was calculated.

Western blotting
The rat sciatic nerve samples were washed 3 times with PBS, an 

appropriate amount of tissue lysis buffer was added, and the tissues 
were cut up. The homogenates were sufficiently ground on ice, 
followed by incubation at room temperature for 1 h to sufficiently 
lyse the tissues. The mixtures were centrifuged at 12,000 g for 15 min 
at 4°C, and the supernatants were collected. Protein concentrations 
were determined by the BCA method, and RIPA was added to 
adjust the protein concentrations. Next, reducing buffer was added 
to each protein extract, and the samples were heated to 100°C for 5 
min. Reduced samples containing the same amount of protein were 
resolved by SDS-PAGE and transferred to Polyvinylidene Fluoride 
(PVDF) membranes. The membranes were blocked in a 5% skim milk 
and TBST blocking solution and probed with anti-p75NTR (Abcam, 
America) and anti-MPZ antibodies (Abcam, America). After 
washing, the membranes were incubated with a secondary antibody. 
Color development was performed using the Amersham ECL+plusTM 
Western blotting system, and the protein bands were finally analyzed.

Immunofluorescent staining
The tissue samples were embedded in paraffin, sliced, immersed 

Primer Direction Sequences (5’to 3’)

p75NTR Forward GAGGATTACGGACCTATCTGA

p75NTR Reverse TGCCTTTCTCTGGGTTTTAC

MPZ Forward CATTGTGGTTTACACGGACAG

MPZ Reverse CTTGGCATAGTGGAAGATTGA

Table 1: Primer sequences.
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in a xylene solution, dewaxed, and placed in 100%, 95%, 85%, and 
70% ethanol solutions to remove moisture. Then, the samples 
were immersed in distilled water, and endogenous peroxidase 
activity was blocked in the tissues. After antigen repair, the tissues 
were blocked with Tris-HCl Buffered Saline (TBS) containing 10% 
FBS and 1% BSA. The sciatic nerve tissue sections were incubated 
with a primary antibody (anti-Ki67) (Abcam, America) in a 4°C 
refrigerator overnight. A horseradish peroxidase-labeled secondary 
antibody working solution was added and incubated for 1 h in a 37°C 
incubator. DAB chromogenic droplets were added to the sciatic nerve 

tissue sections from the rats, and color development was observed 
under a microscope. A hematoxylin solution was added drop wise for 
staining, and the slides were dehydrated again, blocked and observed 
under a microscope.

TUNEL staining for apoptosis
Paraffin sections were placed in a xylene solution dewaxed twice 

and then placed in 100%, 95%, 85%, and 70% ethanol solutions to 
remove water; then, the dehydrated tissue sections were placed 
in distilled water and soaked for 3 min for hydration. Protease K 

Figure 1: Inverted microscopy images of cultured ADSCs in vitro (x40). a) Twenty-four hours after primary ADSCs were plated. b) Six days after primary ADSCs 
were plated.

Figure 2: Detection of surface antigen markers on ADSCs.

Figure 3: p75NTR mRNA and MPZ mRNA expression in the in vitro WD model.
Real-time PCR was used to quantitatively analyze p75NTR (A) and MPZ (B) mRNA expression with or without ADSCs at 24 and 72 h. The results are the means 
± SE (n=3 per group) from independent experiments. *p<0.05, ***p<0.001.
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containing no deoxyribonuclease (DNase) was added and incubated 
at 37°C for 30 min in the dark. After washing with PBS, TUNEL 
solution was added to the tissue sections, which were incubated at 
37°C for 1 h in the dark and washed again. A DAPI staining solution 
was added drop wise and incubated at 37°C for 5 min in the dark. 
After washing, an antifluorescence quencher was used to seal the 
film, which was observed under a fluorescence microscope as soon as 
possible. Three fields of view were selected randomly from each tissue 
sample slice to collect images, and image analysis software was used 
for data analysis.

Statistical analysis
The measurement data obtained from the experiments are 

expressed as the means ± SE. Each independent experiment was 
repeated three times. Student's t-test was used to compare differences 
between two groups. One-way ANOVA was used to compare 
the differences between groups. P-values <0.05 were considered 
statistically significant.

Results
Morphological observation of ADSCs

Rat primary ADSCs began adherent growth within 24 h after 
inoculation. Under an inverted microscope, rat ADSCs were 
inoculated for 24 h, and they appeared mostly with a long fusiform 
shape and as partially polygonal or round. The cells were then 
cultured for approximately a week and appeared as mostly polygonal 
and long fusiform; they gathered mostly into a spiral shape and were 
arranged closely, with up to 90% fusion (Figure 1). After passage, SD 
rat ADSCs were uniform in size and morphology, and the growth rate 
was faster than that of primary cells.

Expression of ADSC surface markers
Surface antibody markers on third generation SD rat ADSCs were 

detected by flow cytometry, and the results are shown in Figure 2. 

The isolated and cultured SD rat ADSCs highly expressed CD90 and 
CD105 but had low CD34 expression. We successfully isolated and 
cultured SD rat ADSCs with high purity and stem cell characteristics, 
which were used for subsequent experiments.

Effect of ADSCs on p75NTR and MPZ mRNA expression in 
SCs in an in vitro WD model

Sciatic nerve tissue from the in vitro rat culture WD model was 
used as the control group, and sciatic nerve tissue co-cultured without 
contact with second-generation ADSCs in Transwell chambers was 
used as the experimental group. Rat sciatic nerve tissues were collected 
at different time points (0 h, 24 h, and 72 h). Real-time PCR was used 
to detect the relative p75NTR and MPZ mRNA expression in the 
experimental and control groups at different time points (β-actin was 
used as an internal reference gene). With the passage of time, p75NTR 
mRNA expression increased gradually in SCs in the WD model, and 
the increase was more significant in the experimental group than in 
the control group. MPZ mRNA expression decreased gradually, and 
the decreasing trend was more obvious in the experimental group 
than in the control group (Figure 3).

Effect of ADSCs on p75NTR and MPZ protein expression 
in SCs in the in vitro WD model

To verify the real-time PCR results, we selected Western blotting 
to detect p75NTR and MPZ protein expression in the experimental 
and control groups at 72 h, with β-actin as an internal reference 
(Figure 4A). After co-culture with ADSCs, p75NTR protein 
expression was significantly higher in the experimental group than 
in the control group (Figure 4B). However, MPZ protein expression 
was significantly lower in the ADSC intervention group than in the 
control group (Figure 4C). This result is consistent with the real-time 
PCR results, indicating that ADSCs promote SC dedifferentiation in 
WD.

Figure 4: Western blotting was used to quantitatively analyze p75NTR and MPZ expression levels at 72 h. *p<0.05, **p<0.01.

Figure 5: Immunohistochemistry staining for Ki67 (x200).
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Effect of ADSCs on SC proliferation
As a specific and sensitive marker of cell proliferation, Ki67 is a 

reliable indicator to detect cell proliferation. We collected sciatic nerve 
tissue from the experimental and control groups at different times (24 
h, 48 h, and 72 h) in vitro and subjected the parasitic sciatic nerve tissue 
to immunohistochemical staining for the cell proliferation marker 
Ki67. Nuclei were labeled with DAPI, and the images were observed 
under a microscope (Figure 5). The results are shown in Figure 6. The 
positive rate of Ki67 staining in the experimental and control groups 
increased with increasing culture time. After 72 h, the positive rate of 
Ki67 staining was significantly higher in the experimental group than 
in the control group (Figure 6).

Effect of ADSCs on SC apoptosis
We examined apoptosis in SCs in the early stage of WD in the 

rat sciatic nerve in vitro by TUNEL staining; nuclei were labeled 
with DAPI. The positive rate of TUNEL staining was lower in the 
experimental group co-cultured with ADSCs than in the control 
group after 24 h, 48 h, and 72 h, but the difference between the two 
groups was not obvious at 48 h. After 24 h and 72 h, the TUNEL-
positive rate in SCs was significantly lower in the experimental group 
than in the control group (Figure 7).

Discussion
As a multidisciplinary and cross-integrated emerging medical 

field, regenerative medicine aims to replace damaged tissues and 
organs using techniques such as materials science, engineering, 
and life medicine; this is achieved through the study of normal 
physiological functions and tissue characteristics of the body and 
mechanisms of body damage re-repair, as well as through stem cell-
related research. Stem cells and tissue engineering are core elements 
of regenerative medicine research. ADSCs were successfully isolated 
from human aspirated adipose tissue by Zuk et al. [9] and have similar 
characteristics as Bone marrow Mesenchymal Stem Cells (BMSCs). 
ADSCs have a high degree of self-renewal ability and multidirectional 
differentiation potential, and adipose tissue, which is a donor source 
of ADSCs, is widely distributed in the human body; importantly, the 
suction of fat is less harmful to the body, and ADSCs are acquired. The 
separation and purification of these cells are also more convenient. 
Due to these many advantages, ADSCs have become a hot topic in 
seed cell research in regenerative medicine [10,11].

ADSCs and BMSCs have very similar surface markers and gene 
expression. Previous studies have shown that ADSCs can express 
various surface markers, such as CD29, CD44, CD90, and CD105, 

Figure 6: Analysis of the percentage of Ki67 (+) cells. *p<0.05.

Figure 7: TUNEL staining for apoptotic cells (x200). *p<0.05.
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and have little or no expression of CD31, CD34, and CD45 [12,13]. 
We selected several commonly used markers to identify cells isolated 
from SD rat adipose tissue. Among them, CD90 and CD105 are 
specific markers of Mesenchymal Stem Cells (MSCs). CD105, also 
known as endoglin, is a TGF-β type III receptor that is expressed 
on almost all cells of mesenchymal origin and is also expressed 
on endothelial cells [14]. CD34 is a surface marker molecule for 
hematopoietic stem cells; it is found mainly on naive hematopoietic 
stem cells and hematopoietic progenitor plasma membranes, as 
well as on the surface of a small number of endothelial cells. In this 
experiment, second-generation adipose stem cells extracted by flow 
cytometry positively expressed CD90 and CD105, and the positive 
rate was over 95%. CD34 was negatively expressed. The results 
indicated that the cells isolated and cultured in this experiment were 
SD rat ADSCs and that the cell purity was high.

As the main glial cell of the peripheral nervous system, SCs 
provide structural support around nerve fibers and conduct nerve 
impulses along axons (34). In the process of WD in peripheral nerve 
injury, SCs remaining in the lesion spontaneously dedifferentiate, thus 
secreting many types of growth factors and promoting myelination 
and axonal regeneration [15]. At this time, the dedifferentiated 
SCs begin to express molecular markers of immature SCs, such as 
p75NTR and Glial Fibrillary Acidic Protein (GFAP). At the same 
time, the expression of myelin-related genes, including sphingolipid 
protein 0 (MPZ), key myelin transcription factor Egr2 (Krox20), 
and Myelin Basic Protein (MBP), is down regulated [16]. p75NTR 
is a low-affinity neurotrophin receptor. Previous studies have shown 
that p75NTR is not expressed in mature SCs; it is expressed in only 
immature SCs and precursor cells and can be used as a marker for SC 
dedifferentiation [17]. Studies have also shown that the myelin sheath 
of the sciatic nerve is thinner in adult p75NTR knockout mice than 
in adult wild type mice. After sciatic nerve compression injury, both 
groups of mice had remyelination, but a histological analysis showed 
that the level was similar to that in wild type mice. In comparison, 
the axon number and myelin thickness were reduced in p75NTR 
knockout mice. These results indicate that p75NTR plays a key role 
in myelination [18]. In addition, several studies have shown that 
p75NTR plays a key role in regulating SC migration, proliferation 
and apoptosis [19,20].

While our experimental research focuses on the effects of ADSCs 
in the early stage of WD on SC dedifferentiation, in vivo models can 
easily be targeted by a variety of complex environmental factors in 
the body. In vitro culture of primary SCs is not only difficult but 
also causes SCs to lose their effects on axons. Thus, it is difficult to 
accurately reflect the effects of intervention factors on SCs in the 
early stage of WD. Our in vitro WD model can avoid the effects of 
these interfering factors and thus reflect the effect of the intervention 
factors on WD. This model was first reported by Thomson et al. [8] 
and later used by many scholars, such as Lee and HK; this model has 
improved the study of the effect of SC degeneration during the process 
of WD [21-23]. This experimental technique was also improved based 
on a previous in vitro WD model. SCs and fibroblasts are the main 
components of non-neuronal cells in the sciatic nerve.

In our experimental study, sciatic nerve tissue isolated from rats 
was used in vitro in the WD model as a control group, and second-
generation ADSCs were co-cultured without contact in Transwell 
chambers as the experimental group. p75NTR mRNA expression 
in sciatic nerve tissue from the two groups at different time points 

was detected by real-time PCR. The results showed that p75NTR 
mRNA expression increased in the experimental and control groups 
with increasing culture time. After 24 h of culture, p75NTR mRNA 
expression was not significantly different. However, p75NTR mRNA 
expression was significantly higher in the experimental group than in 
the control group after 72 h of culture. Thus, we speculate that ADSCs 
may play a role in SC dedifferentiation during WD. Subsequently, 
we used Western blotting to detect p75NTR protein expression 
in SCs after 72 h of culture and found that it was significantly 
higher in the experimental group than in the control group. The 
experimental results further confirmed that ADSCs can promote SC 
dedifferentiation during WD.

MPZ is the main structural component of myelin in the peripheral 
nervous system. It is an immunoglobulin-like cell adhesion molecule 
that belongs to the type I transmembrane glycoprotein family. 
It is also a specific marker for SCs and plays an important role in 
maintaining myelin structure and function [24]. When peripheral 
nerves are damaged, SCs begin to down regulate the expression of 
myelin-related genes such as MPZ, and many myelin fragments 
are engulfed by SCs and macrophages, thereby promoting myelin 
and axon regeneration. Using real-time PCR, we found that MPZ 
mRNA expression levels decreased in the experimental and control 
groups with prolonged culture time, and the decrease in MPZ mRNA 
expression was more obvious in the experimental group than in the 
control group. Subsequently, MPZ protein expression in SCs was 
detected by Western blot after 72 h of culture. MPZ protein expression 
in SCs was significantly lower in the experimental group than in the 
control group. The results showed that ADSCs have a reduced effect 
on MPZ mRNA and protein expression in SCs during early WD, 
which is beneficial to SCs to clear myelin debris and promote nerve 
regeneration.

During WD, SCs dedifferentiate and continue to proliferate, 
and apoptosis also occurs. This phenomenon may be caused by 
the loss of support from neurotrophic factors from axons after SCs 
are damaged by peripheral nerves [25]. The above experiments 
confirmed that ADSCs play a role in promoting SC dedifferentiation 
during early WD. We further examined whether there is an effect on 
the proliferation and apoptosis of SCs. The Ki67 protein is a widely 
used cell proliferation marker that is expressed in proliferating 
cells but not in G0 and G1 phase cells. Because Ki67 is extremely 
sensitive to proteases and difficult to separate and extract, Ki67 
expression levels are usually determined by immunohistochemical 
staining [23]. We stained Ki67 cells in an in vitro WD model using 
Immunohistochemistry (IHC) and analyzed the difference in the Ki67 
positive staining rate between the experimental group and the control 
group. The results showed that the positive rate of Ki67 staining was 
higher in the experimental group than in the control group, and 
there was a significant difference after 72 h of culture. After detecting 
SC proliferation, we used the TUNEL method to detect apoptosis 
in SCs. We found that the apoptotic rate of SCs was lower in the 
experimental group than in the control group with increasing culture 
time, and the difference was significant after 24 h and 72 h of culture. 
Previous studies have shown that ADSCs can produce a variety of 
proangiogenic proteins, such as VEGF, Hepatocyte Growth Factor 
(HGF) and Transforming Growth Factor (TGF), which promote 
peripheral nerve regeneration [26]. Studies have also shown that 
ADSCs can promote SC proliferation and VEGF, GDNF and Nerve 
Growth Factor (NGF) expression, which might support and enhance 
the regeneration process of injured nerve axons [6,7]. Considering 
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our experimental results, ADSCs can promote SC dedifferentiation 
and proliferation, inhibit SC apoptosis, and thus facilitate peripheral 
nerve injury regeneration and repair.

Conclusions
In this study, a sufficient number of ADSCs were successfully 

isolated from SD rat adipose tissue by type I collagenase digestion, 
and growth and proliferation were successfully continued in vitro. 
The data reflect the advantages of ADSCs; for example, they are a 
convenient material and have a sufficient source and high utilization 
rate, which allow them to be seed cells in regenerative medicine. 
Second, we successfully constructed a WD model of SD rat sciatic 
nerves in vitro and confirmed that ADSCs have a positive effect on 
promoting dedifferentiation and proliferation in SCs during WD. 
This information provides a theoretical basis for the application of 
ADSCs in the field of regenerative medicine, especially in the area 
of peripheral nerve regeneration and repair. However, this project is 
currently only in the basic research phase in vitro. How it could be 
applied to clinical work is still unknown and will be a long process. 
The specific mechanism of action through which ADSCs promote 
peripheral nerve regeneration is not yet clear, and will be the focus of 
our next experimental study.
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