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Abstract

BACKGROUND: Sarcopenia is an age-related condition characterized by the loss of skeletal muscle mass, strength, and/or physical function. Currently, effective
treatments for sarcopenia remain limited. A new therapeutic approach to improve symptoms and prognosis of sarcopenia patients clinically was important.
OBIJECTIVE: To explore the effects of canine adipose-derived mesenchymal stem cells and their exosomes on a dexamethasone-induced sarcopenia in mice.
METHODS: Mesenchymal stem cells were isolated and cultured from canine adipose tissue, and identified and functionally evaluated through flow cytometry
and differentiation assays for osteogenesis, adipogenesis, and chondrogenesis. Subsequently, exosomes from adipose-derived mesenchymal stem cells were
extracted and characterized using transmission electron microscopy, western blot assay, and nanocoulter tracking analysis. In vitro, the effects of canine
adipose-derived mesenchymal stem cells and their exosomes on myotube growth and the expression of muscle atrophy-related genes were investigated using
dexamethasone-induced C2C12 myotube atrophy and aging C2C12 models. /n vivo, a dexamethasone-induced mouse sarcopenia model was established and
received intraperitoneal or intravenous injection of canine adipose-derived mesenchymal stem cells. Therapeutic efficacy was assessed through mouse rotarod
performance, histopathological analysis, and muscle atrophy-related genes testing.

RESULTS AND CONCLUSION: (1) The isolated canine adipose-derived mesenchymal stem cells highly expressed CD73, CD90, and CD105, and lowly expressed
MHC-II, CD14, CD19, CD34, and CD45, and successfully differentiated into osteoblasts, adipocytes, and chondrocytes in vitro. (2) The adipose-derived
mesenchymal stem cells-derived exosomes met the identification criteria in terms of particle size, electron microscopy morphology, and positive expression

of specific markers. (3) Compared to the dexamethasone-induced C2C12 atrophy group, treatment with adipose-derived mesenchymal stem cells and their
exosomes promoted the recovery and growth of myotubes, inhibited the expression of muscle atrophy-related genes MuRF1 and Atrogin-1. (4) Compared to
the aging C2C12 group, adipose-derived mesenchymal stem cells and their exosomes significantly enhanced the recovery and growth of aged muscle tubes in
aging cells. (5) Compared to the control group, the rotarod time in dexamethasone-induced sarcopenia model mice was significantly decreased (P < 0.01). After
7 days (P < 0.01, P<0.01) and 10 days (P < 0.01, P < 0.05) of adipose-derived mesenchymal stem cells treatment via intraperitoneal and intravenous injection,
rotarod time was significantly increased, respectively. After 14 days, all treatment groups showed longer rotarod times than the model group, although with no
significant differences between them. (6) Compared to the control group, the cross-sectional area of anterior tibial muscle in the model group was significantly
reduced (P <0.01), and it was significantly increased after intraperitoneal and intravenous administration of adipose-derived mesenchymal stem cells (P <
0.05, P <0.01). (7) Compared to the model group, intraperitoneal and intravenous administration of adipose-derived mesenchymal stem cells significantly
inhibited the mRNA expression of MuRF1 and Atrogin-1 genes (P < 0.01, P < 0.01, P < 0.01, P < 0.01). The results indicated that adipose-derived mesenchymal
stem cells and their exosomes promoted recovery and growth of atrophic myotube cells by inhibiting the expression of muscle atrophy-related genes, and both

intraperitoneal and intravenous administration of adipose-derived mesenchymal stem cells provided good therapeutic effects on sarcopenia in mice.
Key words: adipose-derived mesenchymal stem cell; sarcopenia; cell therapy; exosome; aging; muscle atrophy; dexamethasone
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B 2016 4F, R AR A AUR S L E O RN 4 Bk
B S 2 AR R B 2 —, FRIE e UV E R
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PR Sk e S MR B AFAE . eah, WANG 25 21 ff 7t %
W 5 SR Y ) 76 B T4 A st 1 LD /S BRI LA T R A
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SRR 18] 76 5140 B Al v T B RALIA 25 4 s R iR D ) 78
J5F 40 L A A mT b LR A P (R L AR B
SRR 190 78 5 T 40 B AN AR T ML 53405 ML LD 245 0
TR TP RN RERE TR, B Ok I 18] 78 5T 40
LA T A 5k 2 A A LA /N BRI LY 2545 B A ok
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e TS LA AR, Z A 5T I I T E R AR S T
T RSN A i 2 A AR AN R RE RS R, B AEWID
R R NG I K5 18] 78 57 T- 28 2 (adipose-derived mesenchymal
stem cells, AMSCs) ¢ 4k s {& (AMSCs-derived exosome,
AMSCs-exo) Xf L E VR T ROR S A FINLE] . BT 4s R B
FWUDE G TT SR AR SRS, IF 9 BE R A .

1 #RlF15E Materials and methods

11 3kt RSN SEE AR N 2GRS .

1.2 BFRA AL S2EGT 2022 4E 5 H & 2023 4E 12 AE R
o (AEn0) AV E ARG R AR O R EE RS
P2 LR E T AN ORI R T 2500 PR A W) 58 1

1.3 ##

131 SEIGZENY) 3 B {ERRMEMELLRE R 1 R, BEL N
7.1 kg, MEHRERWH AN HRAR, VFAUES: SCXK
(7)2017-0006, ZN¥)JF A HEIES: 20170006000163. 8-10
ElREHEE SPF 2 C57BL/6) /N 35 1, A& 22-25g, M H T
DR (db50) ZEEARABR A, YFAHIES: SCXK (3¢ )2019-
0010, Zh4Ji & &% IFES: 11032422110669174. T /R
P30 FRAE R B R WOH 25 VAN A7 PR ) 5256 3 Hh O T TR A4
IS, RFE (23+2) 'C, BSE 50%-60%, 12 h H[ /12 h
RIS BIGHE, CRUEFTA shYRens B B OK K& .

Y SEH AR T SE I A A, AR R AR T
VAN A IR 2 W S 5% MR B A 2 D12 (IACUC) fikiE, kbt
5042022092501, g 1A SIS == BB BRIV A S O
132 segmdnf. w5 ANEUSLZNR C2C12(CL-0044, Y
WS R AR A, ), AERERK (2301253402,
FRENZHIR 2w, 1 E ) Dulbecco’s L £54% ik (DPBS)
(B210K), BB AR AR A, HE ), BERER
ZZ 1P (PBS)(B320K), LIRS AE MBI A AR AR,
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[ ): JRAKS Y (C220801. C230710, ki M ZEAEMHAH
MR, ) PRen el (B, C221103. C230704,

PR R AEMEARA AR, A ) /) 5 28 K Fa (D4902,
Sigma, JE[H); 201 A Hb ZE KA 50 (D1756, b 5T 2= 1R
MEERAMRAR, FE); 118K (C2-BIOC, Sigma, 2
[ ); a4 1% (C04001-500, VivaCell, [ ); DMEM = 4
K574k (C3113-0500, R4 R AR AR, HH );
i (164215, sUM A AEmRHEA R AR, FE);

0.25% Ji i +EDTA(25200056, Gibco, F[H); HE =/ HE
% (PB180120, I HiAFE EmAHEARAR, HHE); HUR
AR 7R 5 (PD-006, FUIH 2 AE A RHEAT IR AR, )
HCE R 7R 5L (PD-007, B FRAE R A R A F,

HE ) RECE s FREE (PD-020, ISR SEE R
B A, HE ) R g s g T g ik & (P R4 S Ik,
€0148S, HRREMBEARAR AT, THE ) BIFHTE - #
[ 2 5 (377 & (pH2.5, C0155S, R RAEMHARAIR A,
HE); AL 00684, b EIERIEER AR A, )

PC5.5-CD73 Hi 57 [% $1 44 (561260, BD Pharmingen, 3£ [H );

FITC-CD90 H. 77 [% #i {& (555595, BD Pharmingen, 3£ [ );

APC-CD105 FA LA (17-1057-42, Thermo Fisher Scientific,
FH ): FITC-MHC- 11 H3aBEHifk (11-5909-42, Thermo Fisher
Scientific, Z£[# ); FITC-CD14 7T Pk (MA1-82074, Thermo
Fisher Scientific, Z%[H ); FITC-CD19 H.igfE Pk (11-0193-82,

Thermo Fisher Scientific, 3£[H ); FITC-CD34 .57 [% Hi ik (11-
% [ ); FITC-CD45 B 7
[% $T 44 (11-5450-42, Thermo Fisher Scientific, E[H ); ¥t
CD9 B 77 [ Pr Ak (A19027, ABclonal, H'[H ); % PL CD63 EA
7 B $0 44 (A19023, ABclonal, 1 [H ); fu#i TSG101 B va [
YUk (A5789, ABclonal, [ ); 4 $r Calnexin B o5 % Hi 4
(A4846, ABclonal, 1 [H); & £ [ (76293, MERCK, &
[ ), M4 4 (GZ02625-5, R Fg fik%i, [E ); RNA Easy
Fast 04 4123 / 40 fiid & RNA 42 077 & [DP451, KRR A4k
B (bt ) AIRAR, HE ] FEsGE (F0202A, b
S AER AR AR, F1[EH ); 2x Realab Green PCR Fast
mixture(R0202, Jba =IRIER AR AR, HH ).

1.3.3 SIS v SE Ak REE 74 (MCO-18AIC, SANYO, H A )
U HH LAY (CytoFLEX S, BECKMAN COULTER, [ ); /Ki
B (XMTD-600, X, [ ); i LAEE (BSC-1500-11-A2-X,
BIOBSAE, H[H ); {5 & %% R %% (XD, SOPTOP, Hi[H );

FLPKAX (EPS300, KAk, HIEH ) HEARHUE R4t (5200SF, Kig,
WE ) ES RS (HT-7700, Hitachi, HA): /N
BT 95 (ZH-YLS-4C, ZRUEARAEMAER & AR, PE);

0341-82, Thermo Fisher Scientific,
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Nanocoulter G 44K 2 /i 45 s J& { (RESUN-GO2, Hifj it's & i,
hE ) SR O% E 2 PCR & 4t (QuantStudio™ 5, Applied
Biosystems, [ ).

1.4 F¥7ik

141 R AMSCs 45598 LM TR & L3 &k
JRE LA R 78 ik Bz R B (1.0-2.0 g), DPBS i ¥EfE, HT
KA AR BRI R BTRE, DN T 2Y i JL G (1 mg/mL) T
37 ‘Ci44k 1 h, BfiJ5 1000 r/min 8.0 5 min, 3% b3, 4000
UUMEFFIE BE 185 R 78 00 T 4 M B 52, tH S
Bi78, Frdifmh s BEE 80%-90% Ja LK.

142 HARMIA L E AMSCs  HL 1x10° 55 5 f£ AMSCs T-#5
F 1.5 mLEP &, 1000 r/min 5.0 5 min J53 2 i, A
FE NN 200 pL 5% A 1ML F1 A oK E T 40 min, Bl
J& 1000 r/min £5.02 5 min 3% 2% b3, 55050 A& E R A
200 pL 1% = I35 A 2 EH B UF 1 T #48 CD73(5 ul/Test).
CD90(5 pL/Test). CD105(5 plL/Test). MHC- II (5 ulL/Test).
CD14(5 pL/Test). CD19(0.5 uL/Test). CD34(5 pL/Test), CD45
(5 uL/Test) A5k i (1 6] BB AR AT S e bmic N, TRA 55
JEUK LW E 40 min, FE 0.1% 4= IfiLiE 1 25 1 1) DPBS BEik 2
K, e F 500 pl 25 0.1% 2 I3 4 25 (1 /) DPBS H 241,
{8 H CytoFLEX Jit XU4H I {X S FLOWIO J3 At R A% 25 FE A HEAT
Hor I B B 34

143 AMSCs = Z4MERES %5 548 AMSCs LA 2x10%/ em® 2
FEFERR 6 FUASCH T i A0 R R 107 40 M 23 AL 5256, A 2 i 90%
R I e BCE RO R T A A RS TR, RN 3 d i, 21 d 5
HEAT PSR AL. e O Yt e, 55 5 /X AMSCs B 5x10°/ &
LR 15 mL B0 H T RECE s, AR S
250> (1 000 r/min, 5 min) % F35, F 500 uL SR8 o0 A0 &,
B O JG N EE R AT B 4, 21 d S dEAT B
WP EYE. B R, FREE. e o Ptk &t
IR IS ANV -

1.4.4 AMSCs-exo $2HL W4 518 AMSCs £53% 13, L) 4 500-
5 000xg 5.0» 25-35 min, PiiE BIGW T AR, HEL
JE I EIEMER B AT, AR SNSRI, 8 R
JEE SRR A, TR BT IR R, R & I S KOG ) o AR
180-240 g/L (3R £ /K, 45 & KI5 I
10 1RA, (KR IILE, 24 h J5H DL 8 000-12 000xg &5
> 50-80 min, F % FiE, SO 1.5-2.0 mL PBS H 2TiE, M
MAFRai sk, 7335 -80 CUKFETRAT .

1.45 AMSCs-exo %57E OFMBATER: WL 10 uL ZH A
IAEFXITIE 1 min, JEARIR V7, TR 10 pL IR X4 Al
FNAEAR ITE 1 min, FIJEAOR 50590, IR TIRE0 8,

PSR S B A S AR A MIMA R TR RS . @4
B REAR AT S I\ —80 “C UK AR Fh B AN AR RE AR,
FiREAL S, STEMCEE O 5s, RSB R, B 20 pL
SN INNE] S F 980 pL PBS (B0, REHS, BEE
T 1 mL 3 S s IR RO RE 5 1) WA A B AT ERE, FIA
JE IR ARE A K FBURL AT U 3 A (R BELBK i A% RS ) #EAT REAR
WORLIR FE R . @AM A bR E 8 (KA {3 FH Western blot
LA AR B VEAR 4 (CD9. CD63. TSG101) FHEH 1R £
(Calnexin) 3L

146 CC12 JUEEHEM 5V Z 2@ ONVE
45, L C2C12 41 i ( %5 5-10 1X), 4% 5x10°/cm’ %
FEHAT T 6 FLAR, A& AR 7 £ 10% Jif 2 IfL i ) DMEM 5
B R IR B 55 9%, AN ML G B2 IA 80% LA B, EBE R E
FA 53 H 2% B (L7 () DMEM i i 15 FR e dp 4l i 9k 6 d R
AT LE S AR . SRS K A M 5 4 2H T Tl ok e ZH 4k 2
FH & R AR 2 30 2% T I3 () DMEM i B 85 7% 6 85 7% 3 d;
JULAE 25 45 44 70\ 100 umol/L #h 58 K ¥4 15 5 3 d; AMSCs 41
A AMSCs-exo ZH £ Jill \ 100 umol/L i Z& K 2 (4 =] I i A
AMSCs(4x10°/ fL, ) Bf AMSCs-exo(3x10° particles/mL)[AMSCs
B AMSCs-exo F T 2 mL S RF1 4341 2% 1 1ML i% ¥ DMEM 1
e TR B IR A I F MG AL 1 LRI G 3d, Kigrdh
RGBT MG, QYUEZE/RA. C2C12 K25 25 A,
1% 5x10°/em® B RN T 6 FLAR, 15 AR 43 4 10% i 4 1M
TE 1) DMEM (B R 2k rh s 9% R A0 i & 254 80% LA EI,
S B R AR 3 8 2% 1y 1M1LTE ¥ DMEM b i 7R R kit 9 6 d.
SRR AN S 3 LT 7l 388 Xt MR AL P 4k 4 FH 5 AR 40 4 2%
T 1f 375 f) DMEM skl 972 3L 9% 3 d; AMSCs 21 AMSCs-exo
ZH fim N AMSCs (4x10°/ fL. ) 8% AMSCs-exo(3x10° particles/mL)
[AMSCs B AMSCs-exo H & T 2 mL & & #1 7 $ 2% 5 1fi i
) DMEM = #l B 7% 56 vp R A 38 50 5 DN &L ] 2L ) 59
H3d, HFRGWREE PUE. Hoh, 55 A C2C12 4tk
5x10°/cm” % BE Rl T 6 FLAR, 76 & A AR 4 £ 10% iR 2 if
15 1) DMEM sy 77 B v 15 7% R 40 ik &5 204 80% LA EI,
B4 B AR 20 20 2% T 1ML 1Y) DMEM i B 155 75 2k o 2 4% 7%
6d, FR4kLER SRR EL 2% S LT ) DMEM fSbfis FR 2k 4F
LEREFE 3d, WCE NIRRT I .

1.4.7 RT-qPCR o Il L ) 2 45 AH G 5 [A 1) mRNA 21k Al A
RNA Easy Fast #4121 / 40 A & RNA SR &2 Al $E B4
2 C2C12 2 filg A/ BRI AT LA 2440 RNA, il )5 4 A s % 5%
R EE RNA 2 76 5% il cDNA, H{# ] 2x Realab Green PCR
Fast mixture £ QuantStudio™ 5 =Z [+ 7 ) i€ & PCR & 4t it
1T aPCR, TEAIERAE WA S UL 1. ST ak 1. R
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%K. 95 CHIAEHE 30s; 95 ‘CAE 10s, 60 Cilk %4t
130's, 340 ANMEFF. GAPDH MBI, ST 2 Jrik
THE mRNA AHX R IE K-

=1 | £FE5IFF

Table 1 | Gene primer sequences

3 I (5-3) TSI (5-3)
MuRF1 GCT ACCTTC CTC TCA AGT GC CCT CTG CTATGT GTT CTA AGT CC
Atrogin-1 AGA ACA GCA AAA CCA AAACTCAG GTC GAG AAGTCCAGTCTGTTG
GAPDH CTTTGT CAAGCT CATTTCCTG G TCTTGCTCAGTG TCCTTG C

1.4.8 ZhWp/r4l C57BL/6) /NERGE M ERITE 1 S, 35 R/

REENL ML 4 4H: QXA (n=5); @ETYH (n=10);
3) AMSCs JIfF Ji 73 5516 97 41 (AMSCs-i.p. 2, n=10); @ AMSC
F K A 9T 41 (AMSCs-iv. 41, n=10), [&xfHR4L4h, H4x
F /N R HATIER R . NSRS, AMSCs-ip. 4
5 N BB T 4 200 pL £ 1x10° A~ AMSCs (14 4H ffd & 7K s
AMSCs-i.v. ZH 4 H /N R i JikE 55 200 pL 45 1x10° 4> AMSCs
PRV 6L A s %o R ZEL TSRS 2 /) B 8 Mk S S AR AR ) A B
K. EHERESRE, SHDNRBAT COo, R, Ik
B XTI ZUHEAT I S5

149 HhFEKIAE S HUUERA 3T WANG %5 g
WwtIe, I RER WA PN A R A Rl T R . fEHAE
R K BRI C ) b FE KAV VR ( b ZE KA FH A o R A
1 mg/mL)o H4CHI L ) H ZE K FA VAU R 20 miL/kg (177 B 242
FH /I BRI ISV S AT XA, B R AN VR S 19K, BT 5 14 d,
T I R 5T SR PP AR AR

1.4.10 FEHPES79E B 0SS AN R A EIRES, fE1E
TR R/, B BT/ B e 0 57 (AT AL
2ok — PR EIZR (300 s/ IR ), /NBR AT I W& B BRis 2l .
TR 255 7, 10, 14 KFEATIERN, F# b 5 r/min JFG,
SR, EZE 20 r/min, RKWE 300 s, HN AR L
PR FEIB S LR TN, B EBIEHHE, o/ RI7EkE
Rl SEBG AN, & /N EE AR 3 I, R
[EIRR IS [A] Ay 10 min, S 2 BT I E AT 204 4304

1411 J5KRKE - Brergets BN RUIRRTIL, BEEE SR
K G BEAT A AL AL B, R R BEAT DI, DI RN
5um, VIGFIE T BT 40 CIR/KRML, B HEI 3,
AR TEE T ZHR T ZHR %R 10 min,
WK BT M6 OB (RF 7 0k 100%, 95%, 85%, 70%,
50%) H1 %1218 5 min, B TR AR 5 min, FLERE 2 1K,
BT ORARRE Qi b2 5 min, A K 5 min, fiH
1% FRIR L WE 534K 10 s, UKL 2 min, B TR g
12U 3 min, KU AKIRE T8 S0 (1R 7 #0h 50%,
70%, 85%, 95% 1, 95% I, 100% I, 100% II )+ &2y
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1min, B-FZHIE T A HIEIE 5 min, 38R 251
o, AR AT S, BT R N, Ei
Image J B A ARG IR E AT WU AR,  BEATH0E 704

1.5 FBYLESE4E O AMSCs J AMSCs-exo 14 Mkl L4 A
ZEAERe ST QWM Mg R R Rk O/ A%
FATNAES: @/NRNIALALURIEA L ; G/ AL ZE S
1.6 SitF ot SLIOHEE LIME £ hRdEiR (MeantSEM) &
/N, f# ] GraphPad Prism 9.5 B3 AT G it 2 4lIH LR
F B3R 77 %2 73 Hr (one-way ANOVA), P 2H ] B TR HT ¢ Ao
B BEAT /3. P<0.05 NZERA BEER L. XESIFIT
ECIER P E R B R LR S A ST e K .

2 Z5E Results
2.1 AMSCs %52 45 R iR &5 K IR, AMSCs fH %
Fr&EY) CD73, CD90. CD105 (1 H 1 H 4 b 43 7 96.50%,
99.80%, 99.30%, PAM:Fatr MHC- II. CD14, CD19. CD34,
CD45 (1) FH 7 & 4 Lk 43 1) 4 0.03%, 0.02%, 0.49%, 0.08%,
0.08%, LA_L%¥E 7 15 43 B 5% 77 () AMSCs 415 ik 51 95% L I,
RERL, WE 1. AMSCs = R4 R ER, BRI GE
AT WAL AT, R EA R RS ZIMAL O Geth ]
WAL SRR, R RA IR ACRE ST G RTRHT i Gyt m) W
W OBE, KRBT RBCESCEET), WE 2. P4
R, EEFRI AMSCs B RIFI b B BE .
2.2 AMSCs-exo %2 5 R YK P /KR L FEASRT I 45 SR Y7
AMSCs-exo $i 1% 43 4i A 50-100 nm, “F#Jkii% K 60 nm, H
BE, $EORITIRTS AN IAMA AL FE R . Western blot 25
7R, 5 AMSCs fHEE, 73 B %K) AMSCs-exo ik CD9.
CD63, TSG101, {K#IA Calnexin, FF& FMUAMA I RAEL L.
175 5 LT S AU L 2 51 AMSCs-exo 5 AN 3R [ 1) HL A 1
LERIZRFOIRBOMOR G5 M, L iEm . DAL RERH, Dk
Doy B AR = o & s A, DL 3.
2.3 AMSCs Fa AMSCs-exo =T i 4% 3 AR N5 694K S LA 41
feZ 4 C2C12 4 Al th ZE KA U, WUE A% K& AR
D, SRR RIS 2 48 BB R i i Dh . i ] AMSCs
1 AMSCs-exo #EATARIR 5, PIEENUE MR EMAEK, ILE
4, SxHHRZHAHLE, WUE Z 4020 246 #H OCHE R MuRF1 Al
Atrogin-1 mRNA A 3% Ft 5 (P<0.05, P<0.05), AMSCs fll
AMSCs-exo b Ji5 1] 5 2 4141 MuRF1 F Atrogin-1 mRNA ik
(P<0.01, P<0.01, P<0.05, P<0.05), W& S5, b\ I¥E
FHH AMSCs Jz AMSCs-exo 5] R 5 fiff b 2 K F 75 5 1 L/ 40
M ZEds, H0d LA ZE AR AR SR R Rk .

%
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CcD73 CD90 A 4.43x10°
. 2 3.93x10§
i . 3.44x10
96.50 % 9.80 % E 5 95x10°
e e o S 2.46x10°
£ 1.97x10°
. ER £ 1.48x10°
& wd 8 2 9.84x10"
¥ 4.92x107
160 = 100 = 0 |||||| L
0 60 120 180 240
ol o] KAz (nm)
o md wuﬁ WLE w’ u wud wuﬁ L/r U7 B c
C5.5-A FITC-A 619
S S
€D105 MHC-II PV!\SC’NS(’
99.30 % il 0.03% o3 25kD
CD63 45 kD
- = —
1 Calnexin [I 90 kD
BRIk A R 0K e ZR R R B2 AR W AMSCs-exo ki 4%: B A Western
- ] o blot & I 4 WA 44 BH 14 5 & ¥ (CD9. CD63. TSG101) Fl [ £ 45 &
! A‘CA o ‘ T Calnexin ik; C BN il T BB IMNBMATEA, FR/H 100 nm,
12 D19 & 3 | FERRIEFE R T 4R SRR A (AMSCs-exo) £ E
Figure 3 | Identification results of adipose-derived mesenchymal stem
400 0.02 % cells-derived exosomes (AMSCs-exo)
|7
. | . wH AL WU 244
EieA FiTe, ; =
D34 CD45 AMSCs 41 AMSCs-eo H
0.08% 7 0.08 %
200 e |
& B 8 i B
3 il
"] [ C2C12 41 H 45 7 M FE K b S, WU BLAR A T AR L 3 Rk
. /b AMSCs Fll AMSCs-exo 4b 2 J5 W] {12 32 L& 1k AR K. bR RO
B B 100 pm.
Frica Fircea 4 | BERAIE)7E BT 4HAE (AMSCs) B4l iA (AMSCs-exo) 1% Al & 40 A
B ¥ CD73. CD90. CD105 % ik Jy W 1: MHC- 1I. cD14, cp19, &4

CD34, CD45 FKikJyHItk.

B 1 | BERRRIRE 7 R T 40R (AMSCs) BYSR 4R 2

Figure 1 | Flow cytometric identification of adipose-derived mesenchymal
stem cells (AMSCs)

Ey: & Ay AMSCs 5 404k 21 d,
R NPE; B A AMSCs Ji§
feortk 21d, W40 O Yeto Ay PH M
C >y AMSCs s 7t 21 d,  FifF)
B G OB . kRN 100 pm.,

& 2 | BERRIREFE T 4R (AMSCs) =R LEE
Figure 2 | Identification of trilineage differentiation of adipose-derived
mesenchymal stem cells (AMSCs)

Figure 4 | Adipose-derived mesenchymal stem cells (AMSCs) and their
exosomes (AMSCs-exo) reversed myotube cell atrophy

I %A [ AMSCs 41
[ W #4954 [ AMSCs-exo 41
b a
a b a a
2.0 5 31
)
J 154 ®
#® = o
< =
£ 10 g
[ E
z £ 1
S 0.5 'é“
= z
0 - 0~

KlyE: *P<0.05, °P<0.01,

5 | BERAI8) 75 BR T 240 AR (AMSCs) RS (AMSCs-exo) %f C2C12 A
AN PIZE 4 HE S L E MuRF1 F Atrogin-1 Y52

Figure 5 | Effects of adipose-derived mesenchymal stem cells (AMSCs)
and their exosomes (AMSCs-exo) on muscle atrophy-related genes MuRF1
and Atrogin-1 in C2C12 cells
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2.4 AMSCs #Fu AMSCs-exo ¥ 4 fif ILE i 3 & IR AR 97
C2C12 Y =R ( 58 25 ) [FHEHATHVE /L. W54
S, g e HEZE ( 55 5 4% C2C12 41 ) AL, 3L %R (56
25 X c2c12 4L ) ME R B IE K, 47 T AMSCs F1 AMSCs-exo
AbFR 5, AT B R 5 2 AU R U ) B SO AS, LB 6. DA
- SEER K] AMSCs K AMSCs-exo ST L 4 522

e FREX T2 FEN IR

GLE Rt
MSCs-exo 41
PN

AMSCs 41 A

SRS SR NEt 2, b
6 | BRARIBI7E BT T 4HAf (AMSCs) R Sl A (AMSCs-exo) 4 fig fL & 40 B

=& (#rR 79 100 um)
Figure 6 | Adipose-derived mesenchymal stem cells (AMSCs) and their
exosomes (AMSCs-exo) alleviated myotube cell aging (scale bar: 100 um)

25 FRshmIESH LR C57BL/6) R 35 X, ik
BB 2 G TCAET, A NG T .

2.6 AMSCs JIi = Fa % Bk 2h 2 =T 38 m LY 2N RALA & ) I8
T M9 57 SIS VT AS LD RE /N BRI 9T 5 LA 7347 9
A, FELRHIHT, SXTIAARLL, AL, AMSCs-ip. 4 F
AMSCs-i.v. 41N B LE RIS [A] 24 2 2% 441K (P < 0.01, P <0.01,
P<0.01), %35 (71.345.5) s, (71.445.6) s, (70.9%¢5.2)s, #%
NI FE KA 5T 1N R SERE R R i e Th . 45205 7 d,
X RALAREL, BN R ERRIT (] (74.545.0) s, 7R
AREMER N (P<0.01), FERIREDNEILAR ) . 5
BRI AHEL, AMSCs-i.p. ZH T AMSCs-iv. 28 /)N Bt (1 7E IS 1) (2 3
B0 (P<0.01, P<001), 4% (146.0¢15.7)s, (112.5+11.1)s;
Y2)E 10d, SR, AMSCs-ip. 41 Hi1 AMSCs-i.v. 41
/I BRFR) AE A2 IR TR) 2 02 2 860 (P < 0.01, P <0.05), 733K
(150.5+12.1) s, (166.9+25.0)s; #4%j)5 14d, AMSCs-i.p. ZHA1
AMSCs-i.v. 417N B 7E RIS 7] [(173.5426.8) s, (142.5%17.7) s]
B TR, (HEH R %R (P>0.05), W3k 2.

<2 | BERRRIRIE) FE R T 4AARAR P 5T (AMSCs-i.p.) FIE#REKI T 5 (AMSCs-iv.)
SR AE /N FR 7R AT B RO S2 0 (E + brdfEiR, s)
Table 2 | Effects of intraperitoneal injection (AMSCs-i.p.) and intravenous

injection (AMSCs-i.v.) of adipose-derived mesenchymal stem cells on
sarcopenia mice at stick time

H n YT 4R 7d #A7j5 10d  #45%45)5 14d
o HEZH 5 179.2+24.4 229.6+19.1 247.9429.5 211.2431.2
AL 10 71.3#5.5° 74.545.0° 99.7+10.6° 139.4+18.6
AMSCs-i.p. 41 10 71.445.6° 146.0415.7°  150.5+12.1°  173.5%26.8
AMSCs-iv. 41 10 70.9%5.2° 112.5#11.1°  166.9+25.0°  142.5%17.7

FVE: SAIBLLLLE, P<0.01; SHIN4ILLE, "P<0.05, P<0.01,
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2.7 AMSCs JE = ot bk b SHARBE ALY 2/ RV A TR
K- At g RER, SXTRAME, SAHRATNUIL
ARG (P<0.01); SHERAAMEL, AMSCs-i.p. 4141
AMSCs-i.v. 214524 5 24 m] e 3G m e ar UYLE AR (P < 0.05,
P<0.01), X 5145 LDE/N RV /) EHEARSG, WET.
LT MU G, B 2 1w ULV PA) 25 4 A O 25 K] MuRFL Al
Atrogin-1 mRNA ik & 3 7+ 15 (P < 0.01, P < 0.01), AMSCs-i.p. £
F AMSCs-i.v. 20 45 24 )5 7] 2 25 #) MuRF1 Fll Atrogin-1 mRNA
#*ik (P<0.01, P<0.01, P<0.01, P<0.01), WLES8. L\
ZE BRI, AMSCs-i.p. Ml AMSCs-i.v. £5 24 J& 7l & 3 fi ik L/
NIV S AN A, H LA 22 4 A DR FE R 3Rk

A XA

AL

| g
i
1 AMSCs-i.p. 41
1 AMSCs-i.v. 41

EIOOO- R . o
= e A g g 4L BUR B
£ s00- WA - e (RN
= 50 um): B gl LIV i

0- 4it, *P<0.05, °P<0.01,

7 | BERASKRIRIE) 78 BT 4MAERE A= E 5T (AMSCs-i.p.) FOERAKIE ST (AMSCs-iv.)
ST BN BB RTALR IR L

Figure 7 | Pathological changes in the tibialis anterior muscle of sarcopenic
mice after intraperitoneal injection (AMSCs-i.p.) and intravenous injection
(AMSCs-i.v.) of adipose-derived mesenchymal stem cells

xR AL [ AMSCs-i.p. 41
[ B [ AMSCs-iv. 41
a a
a
2.5 - a a 3 a
% 2.0 ﬁ
X o
z 1.5 4 E
E £
— 1.0 - -
& £ 14
E &
S 0.5+ g
0- T T T 0-

KE: °P<0.01.

8 | RERLSRIRIE) FE BT 4R ABRR A= E 5 (AMSCs-i.p.) FNE#RK;EST (AMSCs-i.v.)
SR RE/N FRAN PO 2245 1E 5 2 MuRF1 Al Atrogin-1 FIS2E

Figure 8 | Effects of intraperitoneal injection (AMSCs-i.p.) and intravenous
injection (AMSCs-i.v.) of adipose-derived mesenchymal stem cells on the
expression of the muscular atrophy-related genes MuRF1 and Atrogin-1 in
sarcopenic mice
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3 771 Discussion HEUE AR RIS E 2 —, AR AT RN

LR & — Fh LR B S8 AR, R B B L &
ThEeMBIEE TR D 7 U BB RR T N4
JRE, BT S A E R B 2 B, n T
AR RIOT R P, B K EAE e AL ARG R T
EURIIE Ao & SR I8 3 M8 AN R R WD RE I 28390
75, ARIT R R N, B AT B A e )y
Ko Bk, BRIRERA RGBT IER R AYTE, XTI
DR RH HAAREEE L.

AR, A 78 T4 R B 2 R AR s It K
SR A G SRR 8% 77 DL RAE 2 P v B2 009716 1, 1k
NEEREBIF SR AR S s 2 IR R, AT
SRR E 78 5 T4 2 (ClinicalTrials.gov. YEAF=: NCT04314011)™,
B R 78 B T-4H (ClinicalTrials.gov. YE2: NCT03169231™,
NCT02065245" ™) ¥ ifiy7 3 & M 39 11 2 2 BOT %, MR
>k i 7] 78 5% T 40 Bfd. (ClinicalTrials.gov. 3% it 5: NCT05827757)
S 51 L I ST R AF R VR . ZE IR PR T 7T,
JBR T B R YR ) 7 ot 4 L £ AL PR S s vh 3 A 4
8 H H Ak = g 17 SR U 8] 78 57 T 20 B AE LA RE R i T . R
T URANE IR B E % E IRLEAR A AN IKSE Ak R D7 R
Vs8] 78 57 20 M LE LA RE A PR 97 28 A FE AR G 7 43 28
Fr 9% i AMSCs, I %) AMSCs (1R 5 VE bs 540 B 2 1) 73 A 1
Ae (4. Wi, RRIT4N ) AT T RAEJE, B
A R & B gi LI I7 Mh4x (1SCT) 32 Hi 18] 78 57+ 40
JSE3 AL ISR AR TSR 4, Oy B2 AT T B B

V) 7005 200 = 00 5% 40 Wb S B R HEAE b At
R BT — o HMBIRAE R — P LE IR T s, o
FEWLPRE R ARG 12 K. SEGAMRIEIT A
te, AMBAIRTT BAEZ IS, SRR i, R,
THIEYE. Gt Ziak L L Res AR N T2 3 B
2 O S W R T S, R R IR 1) 78 B T 40 3
#2278 35 A (ClinicalTrials.gov. 3 it 5: NCT01051882)
T WIZ= 4 00 RAEAAE ( X A2 WRAE, IR R I tEBEILIA
Z45 ) BTG R FE " ERIRRORE 70, A B .
JUE 977 A Ui 1) 78 5 - 4 i A1 A 42 L JUL PR AH DG 1 9 T 30
g AR LA R A, 3 A v T A R R
V5T 78 5T+ 40 i Ak w44, H A i Sk = AMSCs-exo FRHIE R .
ZHEFE R AMSCs 1) 15 F2 30 43 B aliAb th A uid A, I

iH
% B FH 4% . Western blot A1 44 K ik R B 4 81 81 AR X 3k
=

N
N

DI e

H AN AR IEAT R AL 5 % 5, 45 B4 [ B 41 i 4 338 1)
(MISEV2023) # H () &0 36 44 B 3 A2 0 e A Bk 17, oy
AMSCs-exo W 7T H2 AL KRl

B

Y, A BUULE 4 0 L A R 1) 32 2 S 4 2 UL SE R AL
Bl v A W A R BE KA T S c2C12 JLE 2
4, %5 T AMSCs Fil AMSCs-exo 1] 4 R A i3 25 4 LA (1 ik
AR, ARFTERM, e KR R 78 540 i vl a4
PURT: . BRI IRAR 5 R 0% 5 B L2 46 R0 T R g
NAKAMURA %5 B4 B 58 5o, 1 B ke Y5 ) 78 41 1306 A
A e C2C12 ARG IE 501k . MA 25 "L R, R
SRR [R) 78 5 T4 A S b AR v #0 ] €2C12 LA 245 . FIGLIOLINI
25 9 P AMSCs-exo 1] 38 4 C2C12 L& 4» b BL 4k, 40
Mg 2 R WU ) E R R 2=, BRI R B 5 T
AMSCs }z AMSCs-exo % 5£& C2C12 54, 45 5 %7~ AMSCs
J AMSCs-exo ¥ 1] ZZ i UL E A 3

JULZSE B WA A BIF 9 2 VEAS 249097 U BRI T B
WANG % 4 3 3o #4) 8 Ji5 il e 15 3 (/N BRUDLZ RE A 28 R 37
i JB A Sk Y 1) 78 5 T 40 PR R T R R BB A ke U TR 7R R T
o 3 O K R R UL 0 e A O T R R 98
RNKRIEMER . HAh, WANG 25 2 5@ i #  2 Fl L/ g
/NBRAEAY (— P D- R AKE S SOV, 5 —Fp2
SAMP8 JIITH % & /N Bl ) K28 G2 i iy R Ut 1) 70 JoT 4 R P 7 2
R BRI A Sk Y 1) 78 5 - 2 A RT3 5 38 o 4 Al A B T AR R
A WOE RN, B SR B W FELAS A P 5 2 ML R L
AT EE . % TR T b FE K AA 5 5 1/ RVLD i A8
A, 45 B om I i R K S 45 T AMISCs YR YT JE 3 T
B EWIN/N R TERRET (], 32545 24 5 T RO L e /s
UL 75 Z5 AR — P40 Yt 45 5L 15 7ol i AR M A e ik
T 45 T AMSCs YR JT J5 AT 2 35 3 i Al WLV A, 1200
AR, 5 LA /N R LA ) B A OG, H 2 Fhes 2
J7 R 2 5. WIAFE 25 " BF 5t R B, 6] 78 iR T 40 i
To i s R bk 45 2 i 28 T AT AR RO RIS IR AT 4k fk, L 2 Fb
25 2577 R BL, (AR R s 2 & . 1At
FU T UCTE HZE KA 155 10 /N BRUVL D JE A58 3 v 56 4 AMISCs 1)
TBIT RO, 2 R T e AN bk S 55 B AMSCs ik # T AR
ARRIT BOR, XN JE SN RERE AP 4t T 3 B e S
KA.

MuRF1 #1 Atrogin-1 /& 2 A i L A 2 4 4 ¢ 5 b 2
Py B0 A TR R L ZE KR T 1 C2C12 4HT T MuRFL Al
Atrogin-1 & K| 32 1A B E W, 45 F AMSCs Jz AMSCs-exo 1)
AJ R 2 H I MURFL AT Atrogin-1 JE R R0k, X 1] R 5 (2 L
ERKABYIRR: Mo, EHIERINGE T 00/ RV RE AR
A, ARG BLUVLA 24X MURFL AT Atrogin-1 45 R 14
W, NG RO ISR S 45 T AMSCs VR 9T J5 HA AT E
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MREZE

il MuRF1 FlI Atrogin-1 BE[K 323k, X W] e 5 45 2 ) 9 0 IR
UL T AR B AR O o

g b, SEIf 45 2R AMSCs Al AMSCs-exo 1] iifi 4% L 4%
AU ZE e, 8 R S B KA S AMSCs ] A O L
SE/NER WL 77, JRIENLAH R SRR, 1R LI

A 5541 JUL P 25 47 3£ K] MURFL il Atrogin-1 [ 34 4 55,
ﬁ~ﬁﬁ?ﬁ%%mwﬂi%ﬁﬁﬁ%ﬂ@ﬁﬁ%ﬁ&ﬁ&%&%%
RLER VG ST SR o

I FANAFAE— A R 2 Ak OB FU 48 K AMSCs,
Toik HE LU YR AMSCs [I1EH,  Ja 828 TR 40D
BEAT B 9T @%WF 58 AMSCs Hil AMSCs-exo X JJL /b JiE )97
RARZE, MARX > FAE RN EATIR A 9T; B AMSCs-exo
St /N BROULZD S B R I7 R R 36 AE; @ AMSCs-exo A& 4% 1%
g, WANTE RSS2 A TR A UAAR o i 5 1) 32 B R Ay S

Wi, wR I vl I B R A SRS AT IR . LA b R @
B TE 5 ST A R e — 2 AN R .
EHTTHR: EAHE A T FRT. FRBEITLE, HIIEE

ERAR R 7L%‘1x11'\ ‘TE-’T‘ LRSI LI, 5. Sekir.
BT, REW. T8 T T BAESATALIE L AR, 1k,
ﬁ?ﬁﬁ%%ﬁﬁ\%h%%\ﬁﬁﬁxiﬁﬁn

FIZMZE: KWL B, RS L RE A R
AEABLE,

FFHRBNARR: X2 —%
“F - AFRLHAE R - AR 5 R F 407 £,
AAFMAVAIEF L B 6938 TR LA 2p i, AEfy &, B AT
R P A, TR, BN, Ak, 3760, k. BEMEZLIK, HH

SRR I T, MRIE (Fmifdk THT W30
SR, EAEIIRNGEALT,

2SR5, AR ISR R E AT AR A IE,
RRAREELE: S AT AR 5 S 3 5 T LR A S i,
HARHSE: ZXFREAFEGEFNHHEER S (FRAARSE

B5REREFNTREL L LNRFIE) ; LT HRATLELTE L
BB 5 AR AR HAT 3R F AR EE;, LFLPRATHFTER
BEFEAS, RATIFBUAALEAOHTLAAE S

4 ZEEk References

[1] CRUZ-JENTOFT AJ, BAEYENS JP, BAUER JM, et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the European Working
Group on Sarcopenia in Older People. Age Ageing. 2010;39(4):412-423.

[2]  Epidemiologic and methodologic problems in determining nutritional
status of older persons. Proceedings of a conference. Albuquerque,
New Mexico, October 19-21, 1988. Am J Clin Nutr. 1989;50(5 Suppl):
1121-1235.

[3] CHEN LK, WOO J, ASSANTACHAI P, et al. Asian Working Group for
Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and
Treatment. J Am Med Dir Assoc. 2020;21(3):300-307.e2.

(4] hEESSE R E D R 2 MEHER

VNI ﬁr‘i%fﬂﬁ 2016,9(3):215-227.

(5] 4%, FEHIE, RO, & 25 NPUMRER % T Fid B £ 38R

(2023)J1. EMQ%@FE?ZE?: ,2023,42(2):144-153.

(1. e

66 | PEHERTIEAR | 5530% | 5518 | 2026F18

[6]

(8]

19]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

ANKER SD, MORLEY JE, VON HAEHLING S. Welcome to the ICD-10 code
for sarcopenia. J Cachexia Sarcopenia Muscle. 2016;7(5):512-514.
MANKHONG S, KIM S, MOON S, et al. Experimental Models of
Sarcopenia: Bridging Molecular Mechanism and Therapeutic Strategy.
Cells. 2020;9(6):1385.

NAJM A, MOLDOVEANU ET, NICULESCU AG, et al. Advancements in
Drug Delivery Systems for the Treatment of Sarcopenia: An Updated
Overview. Int J Mol Sci. 2024;25(19):10766.

FLACK KD, DAVY KP, HULVER MW, et al. Aging, resistance training, and
diabetes prevention. J Aging Res. 2010;2011:127315.

PIAO L, HUANG Z, INOUE A, et al. Human umbilical cord-derived
mesenchymal stromal cells ameliorate aging-associated skeletal
muscle atrophy and dysfunction by modulating apoptosis and
mitochondrial damage in SAMP10 mice. Stem Cell Res Ther. 2022;
13(1):226.

SONG J, LIU J, CUI C, et al. Mesenchymal stromal cells ameliorate
diabetes-induced muscle atrophy through exosomes by enhancing
AMPK/ULK1-mediated autophagy. J Cachexia Sarcopenia Muscle.
2023;14(2):915-929.

MAHINDRAN E, LAW JX, NG MH, et al. Mesenchymal Stem Cell
Transplantation for the Treatment of Age-Related Musculoskeletal
Frailty. Int J Mol Sci. 2021;22(19):10542.

KUROSAWA T, IKEMOTO-UEZUMI M, YOSHIMOTO Y, et al. Tissue-specific
functions of MSCs are linked to homeostatic muscle maintenance and
alter with aging. Aging Cell. 2024;23(11):e14299.

WOSCZYNA MN, KONISHI CT, PEREZ CARBAJAL EE, et al. Mesenchymal
Stromal Cells Are Required for Regeneration and Homeostatic
Maintenance of Skeletal Muscle. Cell Rep. 2019;27(7):2029-2035.e5.
ZHU Y, HUANG C, ZHENG L, et al. Safety and efficacy of umbilical cord
tissue-derived mesenchymal stem cells in the treatment of patients
with aging frailty: a phase I/1l randomized, double-blind, placebo-
controlled study. Stem Cell Res Ther. 2024;15(1):122.

YOUSEFI K, RAMDAS KN, RUIZ JG, et al. The Design and Rationale of a
Phase 2b, Randomized, Double-Blinded, and Placebo-Controlled Trial
to Evaluate the Safety and Efficacy of Lomecel-B in Older Adults with
Frailty. J Frailty Aging. 2022;11(2):214-223.

NGUYEN NT, PHAN HT, LE PM, et al. Safety and efficacy of autologous
adipose tissue-derived stem cell transplantation in aging-related low-
grade inflammation patients: a single-group, open-label, phase | clinical
trial. Trials. 2024;25(1):309.

GOLPANIAN S, DIFEDE DL, KHAN A, et al. Allogeneic Human
Mesenchymal Stem Cell Infusions for Aging Frailty. J Gerontol A Biol
Sci Med Sci. 2017;72(11):1505-1512.

TOMPKINS BA, DIFEDE DL, KHAN A, et al. Allogeneic Mesenchymal
Stem Cells Ameliorate Aging Frailty: A Phase Il Randomized, Double-
Blind, Placebo-Controlled Clinical Trial. J Gerontol A Biol Sci Med Sci.
2017;72(11):1513-1522.

SHEHATA AS, AL-GHONEMY NM, AHMED SM, et al. Effect of
mesenchymal stem cells on induced skeletal muscle chemodenervation
atrophy in adult male albino rats. Int J Biochem Cell Biol. 2017;85:
135-148.

LITS, SHI H, WANG L, et al. Effect of Bone Marrow Mesenchymal
Stem Cells on Satellite Cell Proliferation and Apoptosis in
Immobilization-Induced Muscle Atrophy in Rats. Med Sci Monit.
2016;22:4651-4660.



WREZ PEEATERE @2
Chinese Journal of Tissue Engineering Research  www.CITER.com

[22] TAKEGAKI J, SASE K, KONQY, et al. Intramuscular injection of [36] WANG L, JIAO XF, WU C, et al. Trimetazidine attenuates
mesenchymal stem cells augments basal muscle protein synthesis after dexamethasone-induced muscle atrophy via inhibiting NLRP3/GSDMD
bouts of resistance exercise in male mice. Physiol Rep. 2024;12(7): pathway-mediated pyroptosis. Cell Death Discov. 2021;7(1):251.
e15991. [37] CRUZ-JENTOFT AJ, LANDI F, TOPINKOVA E, et al. Understanding

[23] ARCHACKA K, GRABOWSKA |, MIERZEJEWSKI B, et al. Hypoxia sarcopenia as a geriatric syndrome. Curr Opin Clin Nutr Metab Care.
preconditioned bone marrow-derived mesenchymal stromal/stem cells 2010;13(1):1-7.
enhance myoblast fusion and skeletal muscle regeneration. Stem Cell [38] GEJ, ZENG J, MA H, et al. A New Index Based on Serum Creatinine and
Res Ther. 2021;12(1):448. Cystatin C Can Predict the Risks of Sarcopenia, Falls and Fractures in Old

[24]  WANG QQ, JING XM, BI YZ, et al. Human Umbilical Cord Wharton’s Patients with Low Bone Mineral Density. Nutrients. 2022;14(23):5020.
Jelly Derived Mesenchymal Stromal Cells May Attenuate Sarcopenia in [39] BURGEL CF, CARVALHO BZO, MILESI BM, et al. SARC-CalF using calf
Aged Mice Induced by Hindlimb Suspension. Med Sci Monit. 2018;24: circumference adjusted for BMI predicts 6-mo readmission and
9272-9281. mortality in hospitalized patients: a secondary analysis of a cohort

[25]  WANG C, ZHAO B, ZHAI J, et al. Clinical-grade human umbilical cord- study. Am J Clin Nutr. 2025;121(1):151-157.
derived mesenchymal stem cells improved skeletal muscle dysfunction [40] HEN LK, LEE WJ, PENG LN, et al. Recent Advances in Sarcopenia
in age-associated sarcopenia mice. Cell Death Dis. 2023;14(5):321. Research in Asia: 2016 Update From the Asian Working Group for

(26] BR=, Mid¥E , Rk . TALBIRIE SN AL AT 8 5 20 A S 1 Sarcopenia. ] Am Med Dir Assoc. 2016;17(8):767.e1-7.

RIVERT D). R EZH SRR 9T ,2023,27(19):3029-3039. [41] BOWEN TS, SCHULER G, ADAMS V. Skeletal muscle wasting in cachexia

[27]  MAHINDRAN E, WAN KAMARUL ZAMAN WS, AHMAD AMIN NOORDIN and sarcopenia: molecular pathophysiology and impact of exercise
KB, et al. Mesenchymal Stem Cell-Derived Extracellular Vesicles: Hype training. J Cachexia Sarcopenia Muscle. 2015;6(3):197-207.
or Hope for Skeletal Muscle Anti-Frailty. Int J Mol Sci. 2023;24(9):7833. [42] ZHIDUS, YING T, RUI J, et al. Translational potential of mesenchymal

[28] LO SICCO C, REVERBERI D, BALBI C, et al. Mesenchymal Stem Cell- stem cells in regenerative therapies for human diseases: challenges
Derived Extracellular Vesicles as Mediators of Anti-Inflammatory and opportunities. Stem Cell Res Ther. 2024;15(1):266.

Effects: Endorsement of Macrophage Polarization. Stem Cells Transl| [43] HOANG DM, PHAM PT, BACH TQ, et al. Stem cell-based therapy for
Med. 2017;6(3):1018-1028. human diseases. Signal Transduct Target Ther. 2022;7(1):272.

[29] FIGLIOLINI F, RANGHINO A, GRANGE C, et al. Extracellular Vesicles From  [44] DOMINICI M, LE BLANC K, MUELLER I, et al. Minimal criteria for defining
Adipose Stem Cells Prevent Muscle Damage and Inflammation in a multipotent mesenchymal stromal cells. The International Society for
Mouse Model of Hind Limb Ischemia: Role of Neuregulin-1. Arterioscler Cellular Therapy position statement. Cytotherapy. 2006;8(4):315-317.
Thromb Vasc Biol. 2020;40(1):239-254. [45] WIDJAJA G, JALIL AT, BUDI HS, et al. Mesenchymal stromal/stem cells

[30] WANG C, SONG W, CHEN B, et al. Exosomes Isolated From Adipose- and their exosomes application in the treatment of intervertebral
Derived Stem Cells: A New Cell-Free Approach to Prevent the Muscle disc disease: A promising frontier. Int Immunopharmacol. 2022;
Degeneration Associated With Torn Rotator Cuffs. Am J Sports Med. 105:108537.
2019;47(13):3247-3255. [46] CUDKOWICZ ME, LINDBORG SR, GOYAL NA, et al. A randomized

[31] NAKAMURAY, MIYAKI S, ISHITOBI H, et al. Mesenchymal-stem-cell- placebo-controlled phase 3 study of mesenchymal stem cells induced
derived exosomes accelerate skeletal muscle regeneration. FEBS Lett. to secrete high levels of neurotrophic factors in amyotrophic lateral
2015;589(11): 1257-1265. sclerosis. Muscle Nerve. 2022;65(3):291-302.

[32] LIZ LIUC, LIS, etal. BMSC-Derived Exosomes Inhibit Dexamethasone- [47] WELSH JA, GOBERDHAN DCI, O'DRISCOLL L, et al. Minimal information
Induced Muscle Atrophy via the miR-486-5p/FoxO1 Axis. Front for studies of extracellular vesicles (MISEV2023): From basic to
Endocrinol (Lausanne). 2021;12:681267. advanced approaches. J Extracell Vesicles. 2024;13(2):e12404.

[33] SANZ-ROS J, ROMERO-GARCIA N, MAS-BARGUES C, et al. Small [48] MAH,JINGY, ZENG J, et al. Human umbilical cord mesenchymal stem
extracellular vesicles from young adipose-derived stem cells prevent cell-derived exosomes ameliorate muscle atrophy via the miR-132-3p/
frailty, improve health span, and decrease epigenetic age in old mice. FoxO3 axis. J Orthop Translat. 2024,49:23-36.

Sci Adv. 2022;8(42):eabq2226. [49] WIAFE B, KADAM R, METCALFE PD. Intraperitoneal administration

[34] DAIH, ZHENG W, LUO J, et al. Inhibiting uptake of extracellular of mesenchymal stem cells is effective at mitigating detrusor
vesicles derived from senescent bone marrow mesenchymal stem deterioration after pBOO. Am J Physiol Renal Physiol. 2020;318(3):
cells by muscle satellite cells attenuates sarcopenia. J Orthop Translat. F549-F556.
2022;35:23-36. [50] BODINE SC, BAEHR LM. Skeletal muscle atrophy and the E3 ubiquitin

[35] KARTIKA RW, SIDHARTA VM, DJUARTINA T, et al. New Insight in Using ligases MuRF1 and MAFbx/atrogin-1. Am J Physiol Endocrinol Metab.

of Mesenchyme Stem Cell Conditioning Medium for the Impaired
Muscle related Biomarkers: In vivo Study with Rat Model. Ann Afr Med.
2024;23(4):674-679.

2014;307(6):E469-484.

(LA S, B, Ski)

Chinese Journal of Tissue Engineering Research | Vol 30 | No.1 | January 2026 | 67



