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Abstract

Background
Platelet-rich plasma (PRP) can effectively treat injury of musculoskeletal system, but there is no
consensus on whether it can effectively promote the myogenic differentiation of adipose mesenchymal
stem cells.

Methods
Dataset of PRP in the treatment of musculoskeletal injury was obtained by GEO database and the key
pathways of PRP were identi�ed by KEGG enrichment analysis. PPI network was constructed by
Cytoscape and core gene was identi�ed by the MOCODE. ADSCs were clutivated in vitro and 5-Aza
combined PRP were added. MTT were performed to determine the cell viability. Cell senescence was
detected by β-galactosidase. Immuno�uorescence staining was used to detect the expression of MHC
and MyoD. Core gene expression was detected by RT-PCR. Mito-tracker staining and transmission
electron microscope were performed respectively.

Results
GSE70918 was obtained and 148 differentially expressed genes were obtained. KEGG analysis showed
the differential genes were enriched in GPCR-related pathways. CCL2 was set as core gene. MTT showed
that PRP signi�cantly increase the viability of ADSCs and the IC50 was 19.4 µmol/L. After the addition of
5-Aza combined with PRP, β-galactosidase showed the number of senescent cells decreased signi�cantly,
immuno�uorescence staining showed the expression of MHC and MyoD increased signi�cantly, RT-PCR
showed the expression of CCL-2 decreased signi�cantl, mito-tracker staining showed the number of
mitochondria increased and transmission electron microscopy showed the number of mitophagy
increased signi�cantly.

Conclusion
PRP can effectively protect the viability of ADSCs, promote myogenic differentiation e�ciency and
promote mitophagy. The above functions may be caused by inhibiting the expression of CCL-2.

Introduction
The atrophy of the muscular tissue has been an issue perplexed orthopediscs, aimed at repairing
damaged tissues in surgery, for the postoperative complications it takes. For example, rotator cuff tear, a
chronic disease despaired the supraspinatus, owns a high re-tear rates of 94%[1] for the muscular atrophy
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as a main cause from Takashi Hashimoto, MD study[2]. As for the Duchenne Muscular Dystrophy,
originated in the muscular atrophy, there still remains no effective method to hold back the progression of
this disease[3]. Muscular tissue, originating from the mesoderm of our embryo, barely owns the
regenerative ability for the terminal differentiating forms they are. Therefore, inventing an effective
method to regenerate the damaged muscular tissue is urgently needed.

Promisingly, the stem cells, which own multidirectional differentiating abilities, have been expected to
regenerate the damaged tissue and guide the clinical treatments. The Adipose-derived stem Page 3/17
cells was �rstly published in 2002 and they proved this type of stem cells owns multilineage mesodermal
differentiating potential which includes the muscular tissue[4]. From the previous studies, the adipose
mesenchymal stem cells (ADSCs) can be induced into myocyte with various inductions as 5-Aza, boron,
Cyclic uniaxial stress, etc[5–7]. And among them, the 5-Aza was set as a relative stabilized induction with
speci�c myogenic differentiation ability not only in the ADSCs but also in the other mesenchymal stem
cells (MSCs). However, during the induction, there always exists the reduction of cell proliferation ability
because of the toxic effect of the inducers. The previous study showed that the cell viability was
signi�cantly reduced after 5-Aza induction. Therefore, an effective agent to prevent the toxic effect during
induction is urgently needed.

Platelet-rich plasma (PRP), concentrated and collected from autologous platelet, is used in the �eld of
stimulating tissue growth for the capacity of promote the proliferating ability. The PRP realizes its effects
mainly for the growth factors it contains which is critical to tissue regeneration, cellular recruitment and
angiogenesis. In the previous research, PRP contains the ability of inducing the stem cells toward ADSC
osteogenesis differentiation[8]. Meanwhile, PRP, combined with a TGF-β inhibitor, turned to myogenic
differentiation in Robi research[9]. As for the Michael J. McClure study, it reveals that PRP owns the ability
of up-regulating the myogenic regulatory factors (MRFs) which represent the inchoate myogenic
differentiation and down-regulate the MRFs which represent the terminal myogenic differentiation[10].
Whether PRP owns positive or negative effects on the myogenic differentiating process of ADSCs after
the induction of 5-Aza is still a mystery.

Materials And Methods
Microarray data obtained: 

Through the research from the Gene Expression Omnibus (GEO) database, the gene expression pro�le,
GSE 70918 (GPL 19271, Affymetrix Rat Gene 2.1 ST Array) was obtained. In this pro�le, comprising 4
samples, of which 2 were cultivated with PRP and the other 2 samples were cultivated with platelet-poor
plasma (PPP). All of the 4 samples were included into this study.

Identi�cation of differently expressed genes (DEGs) 
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The GEO2R tool was used to analyze the differently expressed genes. And the threshold of the DEGs in
our study was set as |logFC|>1 and p-value < 0.05.

(Protein-protein interaction) PPI network construction and module selection

The PPI network based on commonly differentially expressed genes was constructed by Search Tool for
the Retrieval Interacting Genes (STRING) database. The Cytoscape (version 3.8.0) was used to analyze
and visualize the correlations among genes. Molecular Complex Detection (MCODE; version 1.31) was
used to determine the top 3 correlated gene modules.

KEGG pathway enrichment analysis construction

The Database for Annotation, Visualization and Integrated Discovery (DAVID, version 6.8) was used to
analyze the KEGG functional enrichment based on the DEGs.

Cell viability evaluated by MTT test

The passage-3 ADSCs were digested and diluted, and the mixture was transferred to a 96-well culture
plate at 100 µL cell suspension per well and incubated at 37 ℃, in a 5% CO2-saturated humidity �oat
tank for 24 hours. 5-Aza was then added to each well containing ADSCs at concentrations of 0, 10, 20, 30,
40 µmol/L. ADSCs group were labeled groups A, B, C, D and E. Following incubation under the same
conditions as before for 24 hours, we added 50 µL MTT solution to each well and incubated again under
the same conditions for another 4 hours, terminating the reaction of each well by aspirating the culture
medium. To each well was added 150 µL DMSO solution after terminating the 4 hours of incubation, with
the plate placed on the table concentrator. Finally, the absorbance of each well was measured at 550 nm
(OD) to detect the cell viability under the induction of different concentrations of 5- Aza.

Aging-associated β-galactosidase (SA- β-gal) staining 

According to the instructions of the reagent, the aging β-galactosidase staining kit (CST Company) was
used to detect the activity of SA- β-gal in ADSCs. SA- β-gal positive cells were quanti�ed as a percentage
of the total number of cells analyzed.

Immunohistochemical staining and Semi-quantitative analysis

First, we digested and diluted the cells from each group 9 days after induction; then we added 1 mL of the
solution to each well of the 12-well culture plate that had a cell slide placed in every well in advance. We
next extracted the slides from each well after culturing at 37 ℃ in a 5% CO2-saturated humidity incubator
for 24 hours. We washed the slides once with 300 µL phosphate buffer solution (PBS) and did not
remove the liquid for 5 minutes until the cells were saturated. Next, we added 150 µL 4%
paraformaldehyde �xative to every slide and left them undisturbed for 30 minutes before adding 150 µL
0.1% Triton x-100 to each and left at room temperature for 3 minutes. We washed the slide 3 times with
300 µL PBS, each washing process lasting 5 minutes. The ensuing step was to drop 200 µL 5% blocking
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solution (BSA) to each slide and incubate in a 5% CO2 incubator for 1 hour. Each slide was incubated
overnight at 4 ℃ after being mixed with 150 µL α-SMA (1:200) diluted with 1% BSA. The slides were
washed with 300 µL PBS 5 times the following day, each washing process lasting 5 minutes. 150 µK of
the secondary antibody (1:200) diluted with 1% BSA was then added to each slide after the slides were
blocked at room temperature with 200 µK 1% BSA for 15 minutes. Next, we washed the slides 5 times
with 300 µL PBS for 5 minutes each time. 150 µL Hoechst33258 stain (C1011 Beyotine, China) was
added to each slide in a dark environment and incubated for 30 minutes at room temperature. Finally, we
observed the cells under a �uorescence microscope, photographed, and stored them.

RT-PCR 

Intracellular total RNA extraction: Pancreatic enzymes were used to digest the cells that were collected
after centrifuging the liquid in the �ask. Next, equal volumes of Trizol lysate were added to enable the
collected cells to split and decompose. The schizolytic cells were then transferred into another tube
without RNA enzymes, and 200 µL pre-cooling chloroform was added per milliliter of Trizol, and the
mixture was centrifuged for 15 minutes. The supernatant was absorbed after centrifugation and
transferred into another tube without RNA enzymes, where an identical volume of isopropanol was added
to the tube, followed by another centrifugation. This later centrifugation yielded RNA sediments that were
preserved in a -20 ℃ surrounding for 30 minutes. The sediments were washed with 75% ethyl alcohol
and centrifuged for 5 minutes, and the supernatant was discarded after washing and centrifuging the
sediments twice. cDNA synthesis: The reverse transcription system was prepared using a reverse
transcription kit according to instructions provided in the protocol of the kit.

Mito-Tracker

After washing with PBS for 2 - 3 times, it was added to M16 culture medium preheated to 37 ℃ and
containing 400 nmol/L Mito-Tracker Red. The cells were stained at 37 ℃ for 20 minutes. After staining,
the cells of each group were washed with PBS for 2 - 3 times, and the cells of each group were placed on
the glass slides, covered with glass slides, and observed and photographed under the �uorescence
microscope.

Transmission electron microscope

The cells of each group cultured for 72 hours were �xed with 2.5% glutaraldehyde and 1% osmium acid,
dehydrated with acetone, prepared, lead and uranium were re-stained with 10 minutes, and the
autophagosomes were observed and photographed under transmission electron microscope.

Statistical analysis 

Graphpad 8.0.2 and R 4.0.2 were used to perform statistical analysis. Expressed data were shown as
mean ± SD. Student’s t test was used to evaluate the statistical signi�cance of different 3 groups. The p
value less than 0.05 was considered as signi�cant.
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Results

1. The results of bioinformatics analysis:
Through the analysis of GSE70918 data set, 148 signi�cant differentially expressed genes were obtained.
KEGG enrichment analysis showed that the differentially expressed genes were mainly enriched in GPCR-
related signal pathway (Fig. 1A). The PPI network (Fig. 1B) was constructed for 148 differentially
expressed genes, and the core target was CCL2 (Fig. 1C-D) obtained by the MOCDE plug-in. CCL2 is the
key target of GPCR-related signaling pathway.

2. The effect of PRP on the activity of ADSC cells:
The results of MTT experiment showed that the activity of ADSCs increased signi�cantly after adding
PRP, and the calculated IC50 was 19.4 µmol/L (Fig. 2C). The results of β-galactosidase test showed that
the number of senescent cells increased signi�cantly when 5-Aza was added to ADSC, and decreased
signi�cantly when 5-Aza combined with PRP was added.

3. Effect of PRP on myogenic differentiation of ADSCs and
expression of CCL-2:
The expression of MHC and MyoD in ADSCs was evaluated by immuno�uorescence staining and semi-
quantitative analysis. The results showed that the expression level of MHC and MyoD increased when 5-
Aza was added, and the expression level of MHC and MyoD further increased when 5-Aza combined with
PRP was added (p < 0.05) (Fig. 3A-D). Furthermore, the expression level of CCL-2 in each group was
detected by RT-PCR, and the results showed that the expression level of CCL-2 in cells increased
signi�cantly after the addition of 5-Aza. After the addition of 5-Aza and PRP, the expression of CCL-2 in
ADSCs decreased signi�cantly (p < 0.05) (Fig. 3E).

4. The regulatory effect of PRP on the mitochondrial
function of ADSCs:
To further explore the mechanism of PRP protecting cell activity and promoting myogenic differentiation,
the changes of morphology and number of mitochondria were detected by mito-Tracker. The results
showed that the morphology of mitochondria in cytoskeleton was irregular and the number of
mitochondria decreased after adding 5-Aza. After the addition of 5-Aza and PRP, the number of
mitochondrial fusion and division increased, and the total number of mitophagy increased signi�cantly
(p < 0.05). The occurrence of mitophagy was observed by transmission electron microscope (Fig. 4A-B).
The results showed that the number of mitophagy decreased signi�cantly after adding 5-Aza, while the
number of mitophagy increased signi�cantly after adding 5-Aza combined with PRP (Fig. 4C).

Discussion
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The results of this study showed that the addition of 5-Aza to ADSCs could promote myogenic
differentiation, but inhibit cell function and promote the expression of CCL-2 in�ammatory factors. After
the combination of 5-Aza and PRP, the cell activity was restored and the myogenic differentiation ability
was increased. The incidence of mitophagy increased. For more information on the hypotheses of this
study, please see Fig. 5.

The ability of skeletal muscle to regenerate is low, and once the defect begins, the treatment is limited,
which is a problem for orthopedic physicians and orthopedic surgeons. Adipose stem cells are abundant,
easy to obtain, high yield, strong proliferation ability, can paracrine a variety of cytokines, and can
differentiate into skeletal muscle myoblasts under speci�c conditions. Cell therapy based on adipose
stem cells and muscle tissue engineering provides a new idea for the repair of skeletal muscle injury. 5-
Aza is the main chemical factor that induces myogenic differentiation of adipose stem cells in vitro. By
preventing cytosine methylation of newly replicated DNA, 5-Aza activates myogenic genes that were
transcribed inactivated. Mizuno et al �rst used the basic culture medium supplemented with 5-Aza,
dexamethasone, hydrocortisone and serum to induce adipose stem cells to differentiate into skeletal
myoblasts. However, the differentiation e�ciency of 5-Aza was low, and its cytotoxicity was proportional
to the concentration. 20 µmol/L 5-Aza could cause 30% cell death. Studies have shown that 10 µmol/L 5-
azacytidine can obtain a higher myogenic induction rate and control its cytotoxicity at a lower level. The
results of our team show that 10 µmol/L 5-Aza has a certain degree of myogenic differentiation, but it
can promote cell senescence and promote the release of in�ammatory factor CCL-2.

With the further research, it is shown that a variety of cytokines have a certain role of myogenic
differentiation. Vascular endothelial growth factor (VEGF): blocking the expression of vascular
endothelial growth factor in adipose stem cells, adipose stem cells can not differentiate into muscle
cells[12]. The mechanism may be that vascular endothelial growth factor promotes muscle regeneration
by promoting angiogenesis. Insulin-like growth factor 1 (IGF-1): IGF-1 can activate skeletal muscle
satellite cells, promote myoblast proliferation and differentiation, increase the level of PI3K, inhibit
apoptosis and in�ammation, reduce skeletal muscle �brosis and promote the regeneration of injured
skeletal muscle. Transforming growth factor β (TGF-β): TGF-β promotes skeletal muscle �brosis by re-
coding muscle cell genes and inhibiting the expression of myogenic regulatory factors such as MyoD,
myf5 and myogenin[16]. Adipose stem cells can regulate the expression of TGF-β and inhibit skeletal
muscle �brosis. All the above factors are the key components of PRP. PRP has played a key role in the
treatment of muscle injury, but there are few studies on whether PRP can promote myogenic
differentiation. The previous bioinformatics analysis of our team showed that PRP could signi�cantly
reduce the expression of in�ammatory factor-related pathways, while building a PPI network to �nd the
core target, the results showed that CCL-2 was the key core target. On this basis, the team believes that
PRP mainly inhibits in�ammation through CCL-2, thus improving cell activity. However, by adding PRP to
5-Aza, the number of senescent cells decreased signi�cantly by β-galactosidase experiment. On this
basis, the team believes that 5-Aza combined with PRP can improve cell activity and promote myogenic
differentiation of ADSCs. On this basis, the team further detected the changes of myogenic differentiation
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ability of cells by immuno�uorescence. The results showed that the expression levels of MHC and MyoD
were signi�cantly increased after adding PRP. These results suggest that PRP may be involved in the
induction of myoblast differentiation.

Previous studies have shown that the occurrence of mitophagy is closely related to muscle mass. The
mechanism of mitophagy is related to aging. Studies have con�rmed that aging skeletal muscle is often
accompanied by the accumulation of impaired mitochondria[18]. In response to mitochondrial
fragmentation, decrease of mitochondrial membrane potential and increase of mitochondrial ROS
production, mitophagy increased, while mitophagy was damaged in aging skeletal muscle. Firstly,
mitochondria are sensitive to the transition of mitochondrial membrane permeability in aging skeletal
muscle, and the decrease of mitochondrial membrane potential can effectively induce mitophagy[19]. The
regulation of mitochondrial membrane permeability transition is mediated by mitochondrial permeability
transition pores. The opening of mitochondrial permeability transition pore can promote the occurrence
of mitophagy, while its inhibitor can inhibit the decrease of mitochondrial membrane potential and inhibit
the occurrence of mitophagy[20]. Secondly, Parkin and Pink1 proteins are also involved in mitophagy
induced by decreased membrane potential[21]. Pink1 is located in the upstream of Parkin, which promotes
the translocation of Parkin from cytoplasm to mitochondria and provides Parkin with a signal to
selectively degrade damaged mitochondria[22]. Parkin can selectively recruit low membrane potential
dysfunctional mitochondria in mammalian cells and selectively eliminate them by autophagosomes. In
addition, Parkin can interact with autophagy protein LC3 and induce the formation of autophagosomes in
dysfunctional mitochondria. It was found that the level of Parkin protein in skeletal muscle decreased in
physically active 70-years-old men[23] and inactive elderly women[24]. It can be seen that mitophagy is
related to the occurrence of myopenia. On this basis, the team believes that PRP may promote myogenic
differentiation by regulating mitophagy. However, the number and morphology of mitochondria were
evaluated by mito-Tracker experiment. The results showed that the number of mitochondria increased
signi�cantly after the addition of PRP to 5-Aza. The occurrence of mitophagy was observed by
transmission electron microscope (TEM). The results showed that the number of mitophagy bodies
increased signi�cantly after PRP was added to 5-Aza.

Conclusion
The addition of 5-Aza to ADSCs can promote myogenic differentiation, but inhibit cell function and
promote the expression of CCL-2 in�ammatory factors.
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Figure 1

The bioinformatics analysis of PRP on muscular cells. A: PPI network constructed by cytoscape; B, C:
MOCODE plug-in to determine the core gene (core genes were stained in red); D: KEGG analysis based on
the DEGs.
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Figure 2

The effects of PRP on the cell viability. A: β-galactosidase test; B: The senescent cells comparisons
between control, 5-Aza and 5-Aza combined PRP group; C: MTT to determine the cell viability in ADSCs
treated with different concentrations of PRP. ** p < 0.05.
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Figure 3

Effect of PRP on myogenic differentiation of ADSCs and CCL-2 expression. A: Immuno�uorescence
staining to determine MHC expression; B: Immuno�uorescence staining to determine MyoD expression; C:
Semi-quantitative analysis to determine the Fluorescence intensity of MHC in different groups; D: Semi-
quantitative analysis to determine the Fluorescence intensity of MyoD in different groups; E: RT-PCR to
determine the CCL-2 expressions in different groups. *p < 0.05, ***p < 0.01.
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Figure 4

The regulatory effect of PRP on the mitochondrial function of ADSCs. A: Mito-Tracker to determine the
mitochondrial morphological change in different groups; B: Emi-quantitative analysis to determine the
Fluorescence intensity of mito-Tracker Red CMXRos in different groups; C: Observation of mitochondrial
autophagy bodies by transmission electron microscope. ***p < 0.01.
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Figure 5

The hypotheses of this study. PRP protect the activity of ADSCs and promote its myogenic differentiation
e�ciency. Meanwhile, PRP can promote mitophagy. The above functions may be caused by inhibiting the
expression of CCL-2.


