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Figure 1. Morphological Observation of Skeletal Muscle Sat-
ellite Cells
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Figure 2. Effects of Mechanical Stretch on the Proliferation of
Skeletal Muscle Satellite Cells

5 CHAMIL, 15%S 4 h 20 F1 15%S 6 h 413 fe e vk %
WL T35 440t 19 388 58 (P<<0.01) , 5%S 4 h 21 F11 5%S 6 h 4111
B UL TR 20 A A AT A AR A
2.4 WK AR R L T R R0 G 7 AR £ R G R
2.4.1 FATE KB Akt, P38, ERK. JNK #y % 1h

L iEl 3 Fr s, AS ) 42 F i BE X Ak, P38 L INK A 5 iR 1t
TEH R % (P<0.05). 55%ZHiskEAH L, 15% 32 hi 5k B
A6 Akt P38  JNK RCR T 47 (P<<0.01) o AN [m] 42 h 5 J32 F
A2 P [R] 3460 ERK 09 85 2 16 7E 1 & 3% (P<<0.01) , HPI#
2 (8] 1B 22 HAE A (P<<0.05) , ERK A B % b 45 51 8o
5%S 6 h vs 15%S 6 h(P<<0.01) .5%S 4 h vs 15%S 4 h(P<
0.05) \15%S 4 h vs 15%S 6 h(P<<0.01) .5%S 6 h vs 15%S
4h(P<0.01),
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Figure 3. Changes of Signaling Pathways Associated with the Proliferation of
Stretch of Skeletal Muscle Satellite Cells Immediately after Mechanical Stretch
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Figure 4. Changes of Protein Expressions Associated with the Proliferation of Stretch of

Skeletal Muscle Satellite Cells at 24 Hours after Mechanical Stretch
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Figure 5. Changes of Signaling Pathways Associated with the Proliferation of
Stretch of Skeletal Muscle Satellite Cells at 24 Hours after Mechanical Stretch

A LB A PRI TR 20 6 5 i B B o 2 B
10% 1) & 3014 2 7 R 0% 42 308 4 WL T2 52 40 6 ) 346 g 5 990 ol
H 43 4k (Kook et al., 2008) ;5 [d] #£ , 52 45 € % (2012) & i
5% 15% . 25% W) hL A B2, B3 S 1 Ha 1) ) 391 P 22 B4R g
R 1 A B 8 L T 0 L g A, e L 159 2 B
O3 B RO e R L AT T A B 45 R 5 Rk s
A B FATTE S e L TR A0 B0 1 Ha R R 5%
F15% 2= Fr sk 6] A 4 b F1 6 h i %) JE Bk 2 i, 7 2 i 4
W24 h i, >R I CCKS8 L {0 32 K6 ) 38 58 15 00, & BAN Tv] 42
7 R T UL T A R L 15% 2 o L
5% 7 FL 5t A2 18 GRS T4, B0 AE W) 42 A IR] (4 b
6 h) AU (1 HZ) (9 2500, — 7 0 1] P 18 o 22 s it 2
AE L B A2 1 UL T AR A0 B 3 G AR . 2R TR AL
AR X LTS A L ) 96 A 5 R R0 R A AE AR
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KAk o 15% 1y i BE AT LA LT RE 200 i Y 1S AR e ) 3
PR M0 5% BB HEE X LT A0 M B A RSB AR . A
FBEHRIE K B 5% WP EE BE A% 2 1F 20 A 1) 1 g, X 5 3K
A5 W 259 AR —FE i I0 W] BB 2 e T BILAR A2 x40 i
(4 52 T £ AR 418 240 b 28 | R s S R 04 AN [8] I A i A [
(Bullard et al., 2007 ; Zhao et al.,2016) .
3.2 AU % F5 9T 4k 38 it iR 35 MyoD F= Myf5 #) & & k83t T
2 e ¥ i
B LAY 2B AR A AR LI Y B 7 (MRFs ) K % 19 2
5, MyfS I MyoD J&: MRTs 9 (4 i 52, 7E LA R & & LB
Bt R R EEAER (WG s %,2012) . S0 &,
Bl AL B MyoD K& I, AR 1 /N B2 A TE H LA O L
4[] B 25 B MyoD Al Myf5 B, /1N BRI LA T 18 (Rudnicki et
al., 1994) . Myf5 &2 5 L4035 L 4 4k  LET 48 T8 it
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iR R IR I R T, Myf5 — B 380% , MRFs 516 1 H:
by R 4 4 4k B L R LR R A AR A RE S S i I
FIEIREAT T 250 Cooper 25 (1999 ) i 13 5246 4IE 52 , /N Bl %
JULHE A= B UL T A 4 B 380 380 MyoD Bk IHL , 76 T A B 4
A AL TL A 440 B v, MyoD 0 #8 W 35 2 3, PRI 6 B AR B 6 L
e, MyoD 8 1A 2 LA 48 J G 1 — AR A I bR G . T
11 B i L TR 40 R 25 MyoD T Miyfs 9 34, 76 T &
2 i 4 4 1) 3 AR L MyoD B Myf5 (1948 SR Ik BT, A S
B 25 R B, AN [ 1) 42 L5 B8 A2 iz B E] X5 Myfs T MyoD
VEFHAS B2, BLH MyoD F1 Myf5 (25 [ 3635 % 2 iz I i) 11 2
P A AR A A M . PR 15% , FEAEHi 4 h A6 h
J5 24 h i, MyoD #E |1 32 3k Wl 254 & , 1 ] T 400 i b Kt
B IE SRR, X 5 COKS M5 A 45 AT s Myf5 1) 2&
FI IR TE R A 15% , 7847 6 hth i 3 10w . i B
15%, F 5 4 h KI5 X 5 CCKS 25 IR Gi— , ARSI v B
AT Myf5 2 1 22 2K 1 I [ s 42 25 0K 24 h, IR ARSI A2 hir
S5 24 DL DA R A R4 0 24 LUG Myfs 2 [ 235 19284k, #E
T £ S ol 55 5 0 it DR AT R My (5 1 28 1 TR Ak T B
B, IR B TR0, FLAAR 5 PR 5 3 e i — 25 S 3 R AR
3.3 AR 4T Ak it 4E Akt, P38, ERK. JNKi@#% &k
WA BRI 4 3G 5A

PI3K/Akt/mTOR 3 % J& 52 Wi £ 11 78 £k 1Y) OC B 3 ¢, JF
HZ 5P A 5| & 20 A 14 58 i i B . Ak PIBK T i
8 G B RIONE 43 F , Ak B0 S L B R ALK F T I
% T A9 mTOR , £2 i LA 89 4 % (Rommel et al., 2001) .
— o R 0 LA AR P B 6% 58 S 0 Ak Ak 19 3R 48 R AR iE 0
JULEY AE K 5 A 7 5% 2 W, 109% BB B R 2 25 42 w55 1f 4% 7
T LAY Akt 3 Pk I a3 B 2R £6 X B ] 4K M (Won et
al.,2013) s AHIRI 9, 15% AL s 22 hir 3 3y kO35 L, Fp %
6 h, TG PI3K/AKL 8 5 (Liu et al., 2015) . Akt B9 7% 1L Bk
RS2 55 LA 04 A7 396 08 T %% UDAR OG , LB ZE B3 | R
LAY 5 Fk 428 2 38 5 PIBK/AkY/mTOR 3% 4% 3 J& A S 19
(Chen et al.,2014), X C2C12 4047 JE 2 HI{L 30 min,
#EAE 51 mTOR F 7 2 11 p70S6K 1 1 iz 1L , o i 41 2F AL
A Y A B (Alexander et al., 2004) o f I AT RLSE I, LA 22
P AE 1 AL T A0 ) 496 B4 T AT i il i PI3K/AKY/
mTOR/p70S6K iX 5% il B A 51 .

MAPK ( 22 %4 2235 A0 25 11 0 ) 38 142 2 5 40 I
A A5 52 7 Y A S T8 B, BE K 22 R A A S 0 A
415 5 DA 2 L 5% 471 A 3ot 300 440 RO A 0N, 7 00 L 1 14 5 L 43 Ak
FRT A #0558 B bR 25 R T 209 4 (Amiram et al.,
2013) . TEMTFL3h W & N 32 A4 ERK i B | INK 3 B Al
P38 38 % , X 2815 55 (0 1% 5 % 40 0 1 B A T LAY R W
ERK i % & MAPK < 5 o F 5% f5c WL 1) 36 2%, 17 22 4 i A0 Al
TOAT LA ERK G B , L) Ras/Ral/MEK/ERK 3% 4% % 15 M
H UL, AR JE B ERK S 20 2 AN A%, 16 Ak A £ 5 A i ) g
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A DG 11 % 53 PR 7, 3 7 X 240 R AT IR 4% o INK T I T
Foft DR 738035 , B 40, LPS  TNF— o JNK A M 0 3% 1 A 2 Jify
¥, 5 45 A, R 40 M A G 58 A9 22 55 (Weston
etal.,2002) . P38 H BN K& MAPK 6 Hh i 28 L 1) 3
6, P38 — AN T 1 40 L A B R A%, B IO S T A
pP38., i I BT 2 Fh &% S IR 7, 7 3 400 0 % 1 R IR SR 3k
TN AR 1 N A0 i B 28 F Y (Chen et al.,2011) .

BB A2 Hir B 02 38 3ok 0% 200 B P9 (9 MAPK Gl %, ok {2 i
BEMA AR 15% ho i B B AL 22 i n] LLE0E C2C12 40
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The Effects and Mechanisms of Mechanical Stretch on the Proliferation of
Satellite Cells in Rat Skeletal Muscle

YANG Lu, LU Yaofei"
Shanghai University of Sport, Department of Kinesiology, Shanghai 200438, China

Abstract: Objective: To investigate the effects and mechanisms of different traction modes on the proliferation of rat skeletal
muscle satellite cells. Methods: Satellite cells were isolated and purified by two-step enzymatic digestion and differential adherence
centrifugation. The third generation satellite cells were collected and a Flex cell pulling system was used to stretch the cells at a
frequency of 1 Hz, and 5% and 15% stretches for 4 h and 6 h, respectively. The CCK-8 was used to detect the proliferation of
satellite cells at 24 hours after the stretch; the activity of Akt, P38, ERK and JNK was detected immediately after the stretch and at
24 hours after the stretch, and the expression of Myf5 and MyoD was also detected at 24 hours after the stretch. Result: 1)
Compared with the control group (no stretch, the same below) , 15% stretch for 4 h or 6 h was increased the proliferation of
skeletal muscle satellite cell (P<<0.01), but the 5% stretch for 4 h or 6 h had was no significant proliferation (P>0.05); 2) A
higher protein expression in Myf5 was observed after 15% stretch for 6 h than that of the control group (P<<0.01), and the protein
expression of MyoD at 4 h and 6 h was both higher than that of the control group (P<<0.01). However, no significant difference
was observed in the expression of MyoD and Myf5 after 5% stretch for 4 h or 6 h compared with the control group (P>0.05); 3)
Immediately and 24 hours after traction: The activities of Akt, P38, ERK and JNK after 15% stretch for 4 h or 6 h were higher than
those in the control group (P<<0.01; P<<0.05). However, no significant difference was observed in the activities of Akt, P38,
ERK and JNK after 5% stretch for 4 h or 6 h against the control group. There was no significant change (P>0.05). Conclusion:
Mechanical traction with 15% stretch can promote the proliferation of skeletal muscle satellite cells, which may be achieved by
activating Akt, P38, ERK, JNK pathways.

Keywords: mechanical stretch; muscle satellite cells, proliferation; signaling pathway
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