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Abstract

Objective: To observe the changes of myostatin signaling pathway and muscle fiber ultrastructure by injection
of adipose mesenchymal stem cells (ASCs) in rats after a single eccentric exercise, to investigate the mecha-
nism of ASCs injection in skeletal muscle injury repair after eccentric exercise.

Method: After a one-off eccentric exercise in 8-week-old male SD rats, normal saline was injected into the
gastrocnemius muscle in the left leg, and ASCs were injected into the gastrocnemius muscle of the right leg.
The rats were randomly divided into four groups: one day(D1),three days(D3), seven days(W1) and fourteen

days(W2) post exercise. The rats were killed at the corresponding time points. The content of CK.sTnl,myo-
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statin(MSTN) and follistatin (FST)in serum was determined by ELISA method. Real-time fluorescence quantita-
tive PCR was used to detect the expressions of MSTN,ACVR2B and FST mRNA in skeletal muscle. The ex-
pressions of MSTN ,ACVR2B.FST and p-smad2/3 protein in skeletal muscle were detected by Western Blot.
Result: Compared with group D1, the serum CK contents in group W1 and group W2 were significantly de-
creased (P<0.05), the serum sTnl content in group D3 and group W1 was remarkably increased (P<0.05), the
serum myostatin level in group W1 was significantly decreased (P<0.05), but which was remarkably increased
(P<0.05) in group W2. Compared with group D1, the serum FST level in group W2 was significantly in-
creased (P<0.05). Compared with group NS, relative expression quantity of MSTN mRNA in group ASCs was
significantly decreased at time point D3 (P<0.05), which was extremely significantly down-regulated at time
point W2 (P<0.01). However, relative expression quantities of ACVR2B and FST mRNA had no significant dif-
ference between the two groups. Compared with group NS, the expression of MSTN protein was significantly
decreased at time point D1 and D3 (P<0.05), the expression of ACVR2B protein was remarkably increased at
time point D1.D3 and W1(P<0.05), while significantly decreased at time point W2 (P<0.05). Compared with
group NS, the phosphorylation of smad2/3 was significantly decreased at the time point W2 in group ASCs
(P<0.05).

Conclusion: After eccentric exercise, the effect of allogeneic adipose mesenchymal stem cells on MSTN may
be greater than on FST. Allogeneic adipose mesenchymal stem cells injected intramuscularly may improve the

regeneration and repair of skeletal muscle after eccentric exercise through affecting the downstream signaling

pathway of MSTN.

Author's address Department of Sports Science, School of Kinesiology,Nanjing Sports Institute, Nanjing,210014

Key word eccentric exercise; adipose mesenchymal stem cells; skeletal muscle;myostatin

LA 3 il 2 (myostatin, tFx MSTN 1f, GDF8),
J& FRAL A K B(TGF-B) B R b1 . KiE
WFFEUESE , MSTN A —~ 3 F1 93 B (PKB/Akt ) ifj
FLh P2 TR AR FE A 1 (mTOR) 5 5 i 42 1 £
W, SHEE SRR E A S
AP, MSTN T Uit {5 5 smad2/3 fE % 5K 43 i
mTOR {5 5 AP HI WLA ALK, AR A 5T
fiti& ,MSTN Z 5 B # N AR B Y, Baak 2
5 E LA , el P8 & B i iz shd i
B AT S R —

T EA F PR R | A A O Ak BE
FERT DAK AR, BT AAT 9 TG R 4 4L A e
JTRYT BN AT RS WFSRHRGE , [B) 78 5T 40 i ]
DL E 2R LA AR B , A 28 WL 48 005 1 P AR B SV
g Wy >k U5 T 40 MY (adipose derived stem cells,
ASCs) Fl B ] 78 51 1240 e 5+ I 6] 78 53 1 41 i
AL, BAT B 3R HR 2 ) Ak i e . (R
YHRAR Ee, BRI R IR T A A Dy A B e e
Do 1 PRI St AR A I A5, e g D A D 248 it
G700 A2 40, (2 E B LA A T A AR

T fR R AT S . MSTN ELAT A2 iF K B ) 5o o T
248 L A R R ) i A L AR R BE DY FRATTRT A A B
¥, WUV S R 1] 78 53 T 240 Jf T LA SE v -1 L
MSTN [ mRNA %ik, 71z 8h 5 LA #4718 2 i e
H MSTNA{F 5B ane] , 18] 72 5T T2 562 75 52
MSTN {55 WARIE . A 5T 8 1 25 00E s L
PR 45 477 A5 Y 5% Jy 38 1 Bt g s ] 7 5 4 g ot
MSTN{F 5520, 5 MSTN {5538 B AE R i 7] 78
ARSI e 5 T B

1 #RE5FE
1.1 S S5ad

8 JEl I SPF 2 SD MEE K B 44 1, W) [ Fg 3 R}
PN 3L R IE 7 e SRR T A o 1 S W B E e Bl = i
KBRS 12h: 120, SR JE A T — IR B iz 3,
BB JE LS A 44, il Eis sl 1 R41(D1) iz
G2 KA (D2) Gzsh)5 7 RA (WD) Rz )5 14K
H(W2), B 11 H.
1.2 FEAER A i)

4 B 3R (TECAN M200pro) | 52 i} 7 )

www.rehabi.com.cn 17



Chinese Journal of Rehabilitation Medicine, Jan. 2021, Vol. 36, No.1

7 it PCR X (ABI Step One Plus, Applied Biosys-
tems A A ) , & L IKAL, $5 D R 48 KAk 2 R Ak
1% 245 (Bio-Rad A ] ) . MSTN BHEE Sz ki) &
W FFa AR 2 A B ARAT B2 w], CK s Tl FST
10 B 92 A I3 70 6 0 F B o S AE R AR AT FR 2
A, FRHZHZL RNA K PCR #5417 Trizol (Invitro-
gen Life Technology) , i % 5% ik /| & (TAKARA
BIOINC, Japan), B S EAYH AR A,
1.3 Eshh%

Z:% Armstrong %512 8 7 £ (—16°, 16m/min,
90min) , HEAT— R PEE.0GE 8l M A 3 h-20°,
J£ R 20m/min, iz g B} [E] 8 90min, SZH AR ET, R
G NI B, B Ak K RO 1E 2 12 in £ 20m/min,
X AN T A0 Ao AR AE Smin P 58 A, 25 B B 0 &
20m/min B, FFERTHEET A, B2 5 — B R X
ANEE , FF2E 90min. 32 345 d 5 30min, 76 K FRUH
7 BB JHE Rz WLAIMIN Sk 12 55k 1000 A= BRER K, A5 SR RE
LA Sk 33 35 100l 25 1] 78 5t 41 A 25 ok 5% 10°
(14 4= AR 7K CRig 7 18] 7 55 41 g i) S BB 7 55 T4
F AR WF 1L S LB T2 ) L 2 0 AR 1 5 I 24h,
72h,7d, 14d J5 ¥ R BUBRIR AL FE WSO MW, 1l W 22
3000r/min, 4°C 5.0 5 , 43 25 1ML B T —-80°C A {R ikt
VKFETRATE o 43 AR 22 A5 TR B ERZ UL, 358 43 i1 22
FHF A5, 30 B TR A, J5 % A-80°C
AR VAR VR A2
1.4  [fil% CK .sTnl MSTN FIFST il &

CK .sTnl ,MSTN 1 FST f#6 I 5¢ 4= 44 18 328, 571
EULRH U TINAE .

1.5 JEEFEI

JHER7 UL RNA ] Trizol il £ 4 B, HEEUAY 2
RNA ffl Nano Drop 430656 1 (ND 2000) Il 2 £
RNA e i 146 i (OD260/0D280=1.8—2.0) , ¥

OB — AR P I L DK B TIE RNA I e o Al

G5 4T RT, R34S HE 0 RNA ) cDNA, RT )™
WA TIE TSR 2] DNA 5 345 (R 47 AE—20°C T
PCR &, #34 GenBank |- K fLAYAH S cDNA ¥ 51)
K FH Primer 531 H FEEI 1N 2 GAPDH 19597,
51 ER b A AR AT BRA FIA R, RN 41 L
1, SEER HI LT 9t /8 PCR, LA GAPDH A N
Z % H B SER A 3k B ARG 2, FH 2T
BRI T T

F IR - BUHERA AILZL 2 100mg A2 47, N2
W 110 (w/iv) , VKB 515, vk b & 30min, 4°C,
10000r/min &.L> 10min, % FF , BCA 0 & &4 H
FE . Tl 10% SDS—PAGE 43 B8, 4% e 4a e . LA
30 pg MRS BAE FR 0D, 90 iR L b2
KK, FH Quantity One BAFXF 45 kA 70041, —
Bt 43 B R B U W) B abcam 2y A ) MSTN Al
ACVR2B VS Kl B UL A5 3 A W 2 R A R 2 w1 Y
Phosphor-smad2/3 . smad2/3 . FST, I & & GAPDH,
“HUN PR IeG. PUAE R K2,
1.6  Gif==ntr

SEIREHE H IMP 12.0 45 G ab 2, 455t
FHE S BepnfE 22 3R . 24100 FL R FH One-way
ANOVA H i 48 (LSD #5:36) , A P<0.05 Fl P<
0.01 5 Ry 25 57 b 5 1R AU

®1 EELTHSIMF

FEA SIMFS(F) IS5 (R)
MSTN CCGTCAAGACTCCTACAA CAATACTCTGCCAAATACC
ACVR2B GCCGTCAAGACTCCTACA TGCCAAATACCAGTGCC
FST CCCTCATCTTCAGAGCAGTC TTCCCTCATAGGCTAATCCA
GAPDH CAAGTTCAACGGCACAG CCAGTAGACTCCACGACAT
®2 HKER
- 2 HR
. paeas) I\ — N N
SRk te /vl 2.1 AS[FI A A 5 R BRUALE CK .sTnl MSTN FIIFST
MSTN ab203076 abcam N S
Phosphor-smad2/3 AP0326  Bioworld Technology Inc 1A, P<0.05),D3 W1 4L IliL3# sTnl K- 2 3 5 (UL
smad2/3 AP0445 Bioworld Technology Inc -
FST BS7118 Bioworld Technology Inc Kl 1B ’ P<0'05> s W1 41 MSTN 7KE'ZEI’—% IS%{EE ( L, [zl
GAPDH AP0063 Bioworld Technology Inc 1C, P<0.05) ; W2 24 MSTN #1 FST 7J(Ei2iéji%ﬂ-%
Goat-anti-Rabbit IgG BS13278 Bioworld Technology Inc

18 www.rehabi.com.cn



FHALGAEZ 4L 20214, 5536% 55 1]

E1 AEAEEKRME CK.sTnl.MSTN 1 FST 893544

350+ 800

i3 CK 75 (ng/L)

I3 sTnl 7 12 (ng/L)

A
250

200

%
"D D3 Wl w2

D

4
(=]

(=
(=]

W
(=]

S

.35 Follistatin 7% & (pg/ml)

A:CK;B:sTnl;C:MSTN;D:FST;E:MSTN 5 FST (1 tb{H
(K 1C,1D,P<0.05). 5 W14 L, W2 4 MSTN
5 FST By FL (A 2 % 7+ (I’ 1E, P<0.05) o 7 ZEiji B
AR, FAEARS I T, g A A — 2
SR T 2R IR 2R A 7 %), 20 TR i B NS, A MR 7 2 4
JLEA NS, S80I TR PR A 50 TG 1 iR 4 7 WG 20 ) L 2
HRBIEA TS 5 AN R B (] i AR AL H AR
2.2 VEGFT ARSI BRI DR R 3Rk 1 A2 1
ASCs {F it 5 , 7 4 /> i) ] 55 B #% L MSTN
mRNA ¥ 2 T HE . F 43 X5, Bl
MSTN mRNA I # I (& 2A, P<0.05) , B4 JH )5 i)
i MR (B 2A,P<0.01) . ASCs {51516 4 4Rt ]

300 700 1 2
250 . 600
*
200 . 600
=400
150 300
50- =100
0- ‘ ‘ ‘ ‘ 0 - .
DI D3 WI W2 DI D3 WL W2
B

6000
5000

*p

4000

*

3000

2000

1000

0+ . . .
DI D3 WI W2
C

5 4
DI D3 WI | w2

E

I3 MSTN 5 2 (pg/ml)

E

W

—_

MSTN/Follistatin % H.
() (3]

*5 D14, P<0.05;#5 W1 41k, P<0.05

S NLACVR2B FIFST mRNA 5 NS {3 5 #9748
fh#ath—3% , ACVR2B mRNA J&5E %5 7+ (K
2B) , 1Ml FST mRNA 19 3 ik /2 5 It & ) B AR (&
2C). 5 NSAHH, ASCs 4% ACVR2B mRNA
(E12B) F1FST mRNA AYZRIAIFIC IR Z 52 (K] 3C,
P>0.05).
23 EGFT A KRB R ERas AR e

5 NS4, B 7854515 , 76 D3 B [a]
FUE S L MSTN 2 H 3R 38 i 3% FE AR (& 3A, P<
0.05),ACVR2B & ['13iA7E D1.D3 W1 i ] 5 34 it
F T (B 3B, P<0.05) , {HAE W2 B[] s 2000 B 3%

B2 EHTHEEEARRE R K REEZERE mRNA B3 RiLE

1.6 =NS 1.2 7

i ENS 2.0 ENS
J,Lﬂ oASCs 9o OASCs Eﬂg OASCs
® 129 i @16
= * # = 0.8 =
< Janny =<
Zz ) = 1.2
< 0.8 # < 067 <
Z 2 04 Z 08
E 04 " E
] 0.4
4 g 02 g
wn > 8
= o ml H o ol : : - Z o ML ‘ -
DI D3 WI W2 < DI D3 W1 W2 s DI D3 WI W2
A B C

A:MSTN mRNA;B:ACVR2B mRNA;C:FST mRNA *5 NS4, P<0.05;#5 NS4, P<0.01

www.rehabi.com.cn 19



Chinese Journal of Rehabilitation Medicine, Jan. 2021, Vol. 36, No.1

B3 EHTHREERRERERXRMEINEB BRI

AADHGE , IR R E

fein

NS e e — — NS

ASC e e e

— — —
GAPDH __ —

B0 2h )5 B 20 M % CK K- 23
Fhim, Ja B REAR , G a5 G
B0z 2 B 20 i CKOKF 3%
FHi, 24h JE A4 T m A, J5 5 R
fiX, H %2 6 K5 k& 3 X} B4 K
o REER BN, ELIZHE TR
13 R CK A4 F i, 1 &G
BEAG, axX 5 QA8 N5 2R — 3,
B LIS 25 9 1(sTnl) J2& Jz Bl iz

= NS
0 ASCs

kA R LSO B R S U R

- — — —
ASC e i e -
S — —

o — — —

20 *
15
0 #
05
0 ‘ ‘ & M E 18 Sl 5 M JILES 4 1k
D3 Wl w2
B

FE AT LA T S 3 S B
BRI, BT, B 0iE
5 ,sTnl 5 CK 47T} 5 7 24h
Pk I U A, T L A0 7233 B
1—2 KA TR, AL
aNS TN, B8 A L sTol 78 3 KAl
UASES M TR MR AR X
CK 25 AR—%, T 8% ASCs I
S5 B 6, 5 FL A A TR AL
F R — AR

MSTN & TGF-p # i i 7

1.4+ =NS . 300 #
;12 ASCs 4 55
R 1.0- i
= 03 * £
g Z
I 0.6 4
= 1.0
z 0.4+ S
% 02 >
> Q
o =
DI D3 WI W2 D1
A
NS NS
asc [ -
smad2/3 " _ ‘_ - GAPDH
S e e
itz 1.5 2.5+
= NS i
®o1.2 g ASCs X
po ®
= =
= 0.9 m
O =
M6 | ﬁ
<o,
5 S
S0
SIS B N e N
DI D3  WI W2
C

K (LK 3B, P<0.01) ; 5 NS4 AH . , p-smad2/3 (5
PR Ak KT 8] 70 03 T 240 B 4 W2 B ) i S 25
i (WL 3C, P<0.05) ,FST ({4 1 R i54 FRM
#AHZEF AR E (WE 3D, P<0.05).

3 itig

SVEIE SRR B s By R R LA H &
AR, SR BOE R PR AR ER SR . FRATTHT A At
FERIN— UM 50032 305 K BRI LR S 2+ 1)
MR — R I Bid 5 | I i A AR A, I
A ol 28 LR 2 1L T CK, 38 3l I3 CKOKAE28 1k
HEBIEGZ B RS . Kk, CK
PNV B S LA 455 1Y RS bR . TERL
iz Z) 5 B A s S A b, s CK 22 ki

20 www.rehabi.com.cn

2.0°
1.5-
1.0-
0.5-
0- : : :
D1 D3 W1 w2
D

A:MSTN;B:ACVR2B;C:p-smad2/3;D:FST *5 NS4 Lt,P<0.05;#5 NS4, P<0.01

e R R B U R
A7, L e 25 i B LE 5 1
B8 T R0 RILEF 2 A Ak B RE K, 9
MSTN #] AR S B % Lo 12 A ]
WA AR ERE . MSTN £ R RHAC It & 44 2
AR5 VE o B4 2 (follistation, FST) J2&: — Fl
TGF-B Z A b1 W S 45 PU5] , & MSTN A9 A HE
il 700, T 5 | R R UL Y SR S T R
FST R34 Jin - 45 LSBT &L, 3400 LA 28 F1 00 40 A il
RN AR, FST Al ] MSTN H9/ERT ,FST
A I S VLT 2 R T R 2 A L P 1 A A
K, M MyoD 1 Myf5 (% 2 1k , &Ik MSTN iy %
K FST AMYAERH W MSTN , i e i HAh i 1% K 1
LA & & R FEMER™ Y, MSTN/FST HAE AT
T W LA ZE 4 AR AR RS T  re F RIS B
DABIFST B, BRE s T B S 38 i i MSTN & &t
R FST 7K, MSTN/FST Fff 5 3 i , 38 B s



PHAEACZ 4L 20214F, 45364, 45 13

LA F 43 FA R A B, PLRHAZ 3 A 4z
A5 MSTN FFEA EST /K E-THis , T 1126715
9 UL TG 155 2 RIILIA A= BRE R B & AR I
MSTN K- T AT S i 1 3k B 32 sl 5 | S A UL I
Iyt B, ARFFF R, B0 s s E 1 R
MSTN /K- i R, P 5, MSTN 5 FST ) . 3%
FHim , HMSTN/FST (Y LU Siz sl 5 — A e B 2
1R, PR AE A I, LT S A 8] 78 5 41 i %
MSTN [ 520 EL X FST A2 ) 3, H AR S A
W i — R ARG

WFFEHGE , ASCs BEAIRYT B A5 LB 5 k2 B i
US40, AR A LA ASCs T 5% UL
BRI IE RS 37, — 2 4500 T Ak B i LA i
N ASCs TEARINAT 534k J5 A ILETR 2 0 o 1) A
FAE FEAKRPY, ASCs th /s T —FhILIE 201k b g
J1o TE/NRAVEFRA RA R 4 ASCs B HE7E 4F
2325 (0 LA PO BB 7K 4R 24, RS I LI
IhRE™, I, ASCs7EIR YT B # W00 K P A= D T
AR B IE R B . IEAh, ASCs 43I 5 24
AR F TAGF) AT AR BULAH M X5t MSTN (1)
TN ™, A AT HRAE , MSTN 52 5 #% ALY
AR RSN MSTN JE 8 26 1 BH 1 WU AT
%, AE A4 P MSTN @B (4 LA T4 i (MDSCs ) B i
M T WLET 4k 916 &, MDSCs 1] BE J2: 3 1 3 0%
MSTN F53% J J AR T B8R ) S B DR Ak 2 LI
AEJI™. BRI LR OE S b, B8 B LEF 4
BAESE 7K, HAESS 7 K Myogenin mRNA £ ik 5
MSTN mRNA #ik F A —20, R HTE B ILLT
HERTREFR 4> MSTN JH1T> 0, B0z sl B+ 18]
o0 e e K Sl B2 VN £ 1 a1 oW e e
BB FE.Lizsh e LR Kk, SN A KA
fio BB FIF T B, A2 5 0IE shE R
LRI A8 5 3 A ey, ASCs VS Gn T 55 i JUL A 452445
52 R AR WLARGE o FRATTRT M B 2= 5T &
B, JRy R 4 ASCs i 25 4 F B9 .02 B J5 B L
oI =20 = BB RN vl Va oIV I el v e 1 N S R o
T T LB, R 5 ASCs % P .0 is sh s
KEUHEZ WL MSTN mRNA (£ ik . A5 &M,
ASCs 7 5F X K B HE B L FST 1 MSTN 42 {&
ACVR2B ) mRNA F ik WA 2 35 , Jensky 55

3 — R VLB 2 R B K S0z sl A 23 i 5 e
FST mRNA ik, X 5 RATMEE RAFF. M
ASCs 4141 MSTN T iiff5 5 ACVR2B & 1R K 7E
BB ENE 1R 3K 1 JE 3] 2 T e
EL7E 75 J8 )i % i 25 F %, smad2/3 Al i 2 1k 7K - 12
B0E g e Rt B R AL, 8 B0 s g e
ASCs 7 5} a] BB 3 401 i) MSTN 155 5412 ik B 8% LI
PiEE . ASCs 1 5T41 FST 45 11 K A 7E 85 058 51
—JHJEA LIRS B0 T X 8 ASCs
X MSTN A 5200 b X FST A9 5200 3K, FST J&
12 5 MSTNAGE S 13, A R — IR AR .

AWFFEH, ASCs S 3 K5, MSTN JE[A 5 &
H R A S —8 HAEMW G, MSTN mRNA %
RA, 1 2 (1 #5835 7810, 378 1T B miRNAs
Z 5 MSTN W5 . WFFE A , miR-27a/b i 3 X
MSTN By ¥, FEfe ot TR AR TS AL e o s ULZm
JeL S G B 1k LR 22 40 55 T R PR AR A, T
miR-206 Al miR-1 ] LL§E 5] MSTN #93” UTR, #i]
MSTN () 2235, 51 LA A, i i
MSTN /K55 kA7 LR A9 MSTN 2 [ 7K - Fifi st ] 22
EA—F, AT RE T MSTN & — M & 1, A
IAEB L RIS TR ORI S A 3RIR
It H A s FR g e B AR B i 1. 7Eiz
S fife , ASCs 141 3 KJm , MSTN %35 %, A Bl
F LA B 18 E K A s R e, i A
5, M MSTN Jt &, (HILAZ {& ACVR2B & T iiif
55 smad2/3 i 2 FEAIK, iX 5 Wang S5 )18 — 2L,
miR-23a/miR-27a &Ik MSTN ) % ik #1 SMAD-2/3
T#E S, K caspase-3 Fll caspase-7 BT P, 240
LA AR PRIC IR HIE5, 45 |, ASCs T4t , Bl
90T i 32 5 MSTN R 3 R 36k, W R 5, 52
ARBLAE MSTN {55538 #% |, X H i miRNAs 7] fig
B EEER, BN A R — PR AR .

4 #Hig

B2 S JE  WLTEE SR IR 18] 78 5%+ 4 i %
MSTN (520 A] GE X FST 2k . LA e g
U5 160) 72 J5 440 T 38 4o 52 1) MSTN R Wit 45 53
BEORARIE 002 Bh 5 B WL PR AE A

www.rehabi.com.cn 21



Chinese Journal of Rehabilitation Medicine, Jan. 2021, Vol. 36, No.1

[1] Schiaffino S, Dyar KA, Ciciliot S, et al. Mechanisms regu-

(2]

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

22

lating skeletal muscle growth and atrophy[J]. FEBS 1J,
2013, 280(17):4294—4314.

Walton KL, Johnson KE, Harrison CA. Targeting TGF-beta
mediated SMAD signaling for the prevention of fibrosis[J].
Front Pharmacol, 2017, 8: 461:1—11.

Paris ND, Soroka A,Klose A,et al.Smad4 restricts differentia-
tion to promote expansion of satellite cell derived progeni-
tors during skeletal muscle regeneration[J].Elife, 2016, 5:
e19484.

Baghdadi MB, Tajbakhsh S. Regulation and phylogeny of
skeletal muscle regeneration[J]. Dev Biol, 2018, 433(2):
200—209.

Fu X,Wang H,Hu P.Stem cell activation in skeletal muscle
regeneration[J]. Cell Mol Life Sci,2015,72(9):1663—1677.
Joanisse S, Nederveen JP, Snijders T, et al. Skeletal mus-
cle regeneration, repair and remodelling in aging: The im-
portance of muscle stem cells and vascularization[J]. Geron-
tology, 2017, 63(1):91—100.

Galimov A, Merry TL, Luca E, et al. MicroRNA-29a in
adult muscle stem cells controls skeletal muscle regeneration
during injury and exercise downstream of fibroblast growth
factor-2[J]. Stem Cells, 2016, 34(3):768—780.

Le W, Yao J. The Effect of myostatin (GDF-8) on prolifera-
tion and tenocyte differentiation of rat bone marrow-derived
mesenchymal stem cells[J]. J Hand Surg Asian Pac Vol,
2017, 22(2):200—207.

Armstrong RB, Ogilvie RW, Schwane JA. Eccentric exer-
cise-induced injury to rat skeletal muscle[J]. J Appl Physiol
Respir Environ Exerc Physiol, 1983, 54(1):80—93.

ghad, W, FAME, & JGREM KRB LS5
IL-6.CK .CK-MM F1 Ca * AR A 5E M [T]. KT FF2,2006,26
(3):73—76.

e, B . WAL BT B0z 3 R LB LR B A A
1L CK LDH B LR A 2 (0], op [ R AR A2
2017,33(2):102—104.

FUbR, SRR S AL U5 5 DU 2 e
ZJ]. PEIGRBESE ,2005,9(32): 201—203.

Sorichter S, Mair J, Koller A, et al. Skeletal troponin I
as a marker of exercise-induced muscle damage[J]. J Appl
Physiol (1985), 1997, 83(4):1076—1082.

Dasarathy S, Mccullough AJ, Muc S, et al. Sarcopenia as-
sociated with portosystemic shunting is reversed by fol-
listatin [J]. J Hepatol, 2011, 54(5):915—921.

Barbe C, Kalista S, Loumaye A, et al. Role of IGF-I in
follistatin- induced skeletal muscle hypertrophy [J]. Am J
Physiol Endocrinol Metab, 2015, 309(6):ES57—ES67.

Liu HH,Wang JW,Yu HY,et al. Injection of duck recombi-
nant follistatin fusion protein into duck muscle tissues stim-
ulates satellite cell proliferation and muscle fiber hypertro-
phy[J]. Appl Microbiol Biotechnol,2012,94(5):1255—1263.
Wu RH, Wang P, Yang L, et al. A potential indicator of
denervated muscle atrophy: the ratio of myostatin to fol-
listatin in peripheral blood[J]. Genet Mol Res, 2011, 10
(4):3914—3923.

Motevalli MS, Dalbo VJ, Attarzadeh RS, The ef-
fect of rate of weight reduction on serum myostatin and
follistatin concentrations in competitive wrestlers[J]. Int J

et al.

www.rehabi.com.cn

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(321

[33]

[34]

[35]

Sports Physiol Perform, 2015, 10(2):139—146.

Rashidlamir A, Attarzadeh HS, Hejazi K, et al. The ef-
fect of eight weeks resistance and aerobic training on myo-
statin and follistatin expression in cardiac muscle of rats
[J]. J Cardiovasc Thorac Res, 2016, 8(4):164—169.
Kerschan-Schindl K, Thalmann MM, Weiss E,et al. Chang-
es in serum levels of myokines and wnt-antagonists after
an ultramarathon race[J].PLoS One,2015,10(7):e132478.
Kesireddy V. Evaluation of adipose-derived stem cells for
tissue-engineered muscle repair construct-mediated repair of
a murine model of volumetric muscle loss injury[J]. Int J
Nanomedicine, 2016, 11:1461—1473.

Rybalko V,Hsieh PL,Ricles LM, et al. Therapeutic potential
of adipose-derived stem cells and macrophages for ischemic
skeletal muscle repair[J]. Regen Med,2017,12(2):153—167.
Desiderio V, De Francesco F, Schiraldi C, et al. Human
Ng'* adipose stem cells loaded in vivo on a new cross-
linked hyaluronic acid-Lys scaffold fabricate a skeletal mus-
cle tissue[J]. J Cell Physiol, 2013, 228(8):1762—1773.
Mizuno H. The potential for treatment of skeletal muscle
disorders with adipose- derived stem cells[J]. Curr Stem
Cell Res Ther, 2010, 5(2):133—136.

Gehmert S, Wenzel C, Loibl M, et al. Adipose tissue-de-
rived stem cell secreted IGF-1 protects myoblasts from the
negative effect of myostatin[J]. Biomed Res Int, 2014,
2014:129048.

Knipe DW, Fraser A, Lawlor DA, et al. Is interpregnan-
cy interval associated with cardiovascular risk factors in lat-
er life? A cohort study[J]. BMJ Open, 2014, 4(3):e4173.
Rossi G,Antonini S,Bonfanti C,et al. Nfix regulates tempo-
ral progression of muscle regeneration through modulation
of myostatin expression[J]. Cell Rep,2016,14(9):2238—2249.
Tsao J, Vernet DA, Gelfand R, et al. Myostatin genetic
inactivation inhibits myogenesis by muscle- derived stem
cells in vitro but not when implanted in the mdx mouse
muscle[J]. Stem Cell Res Ther, 2013, 4(1):4.

Ni X,Sun W,Sun S,et al. Therapeutic potential of adipose
stem cells in tissue repair of irradiated skeletal muscle in
a rabbit model[J]. Cell Reprogram,2014,16(2):140—150.
Srikuea R, Pholpramool C, Kitiyanant Y, et al. Satellite
cell activity in muscle regeneration after contusion in rats
[J]. Clin Exp Pharmacol Physiol, 2010,37(11):1078—1086.
Valero MC, Huntsman HD, Liu J, et al. Eccentric exer-
cise facilitates mesenchymal stem cell appearance in skele-
tal muscle[J]. PLoS One, 2012, 7(1):¢29760.

Jensky NE, Sims JK, Dieli-Conwright CM, et al. Exer-
cise does not influence myostatin and follistatin messenger
RNA expression in young women[J]. J Strength Cond
Res, 2010, 24(2):522—3530.

McFarlane C, Vajjala A, Arigela H, et al. Negative auto-
regulation of myostatin expression is mediated by Smad3
and microRNA-27 [J]. PLoS One, 2014, 9 (1):e87687.

Ma G, Wang Y, Li Y, et al. MiR-206, a key modulator
of skeletal muscle development and disease [J]. Int J Biol
Sci, 2015, 11 (3):345—352.

Wang B, Zhang C,Zhang A, et al. MicroRNA-23a and Mi-
croRNA-27a mimic exercise by ameliorating CKD- induced
muscle atrophy[J].J Am Soc Nephrol,2017,28(9):2631—2640.





