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Abstract

Myostatin (MSTN), a member of transforming growth factor-p (TGF-) superfamily, is a negative

regulator of the skeletal muscle growth by suppressing the proliferation and differentiation of myoblast. In this study,

MSTN is up-regulated by basic fibroblast growth factor (bFGF) in a dose and time-point dependent manner. Moreover,

MAPK signal pathway is found to partially participate in the effect on Myostatin gene expression induced by bFGF.

Key words

BRI G A AR VLA B g TR
oAk, S BRI SR R R
—I R R AR 2, 1 WILA A ZE Myostatinff: 4
TGF-B(transforming growth factor B)iA Z &1 A 51, %)
HREIUR B AR O . AR
T M ik 2T 44 40 i A K PR 1 (basic fibroblast growth
factor, bFGF) Il e 8 (e k- #E WL 52 E i R

Myostatin 3 ZAEH #% WAL Hh R IE, mR /N R
B UL LG 2R YN B R 2~3 452, [ I 22 N F i )
s, BIan XL R, 4325\ S MyostatindE
SR 5, B LI H DL -5 Myostatindi PR a2 B

WOk H A: 2014-03-25 32 H 1: 2014-06-03
FIRRIE IS GE S 30330430) %5 B (1 15

Myostatin; bFGF; expressional regulation

H&JUUAH ZRABL i) 32 29W, 35X 36 W Myostatin & 1 % LA
KREMAHEER . A8 XL, AIEFRAR
/N BB 7 (muscular dystrophy murine, mdx/)s fi) 7,
REL W A 95 14 Myostatin Y 2 328 1 DL X038 LS R AN R
FAUCN A — eGP P IR L2 4 N L A HIV
TG 5| R UL ZE 4 11 N PTrh R B My ostatin 7
Ik, X PR AR R E AR AR T e
Myostatinge ik 7 7 EAZA K o

Myostatinot L4 AL 1458 55 74 ke T 2L R P A
o M NTGF-BF % 1k 51, Myostatinifl i 5 ActlIBZE;
v W Smad2 F1Smad3 i i 2 FE AL A 3R IA, fe 4

*JWIRMEF . Tel: 010-65105081, E-mail: Dr_zhangyong@126.com; dhzhu@pumc.edu.cn

Received: March 25,2014 Accepted: June 3, 2014

This work was supported by the National Natural Science Foundation of China (Grant No.30330430)
*Corresponding authors. Tel: +86-10-65105081, E-mail: Dr_zhangyong@126.com; dhzhu@pumc.edu.cn

o) 2% L B S T 2014-08-26 14:39

URL: http://www.cnki.net’/kems/doi/10.11844/cjcb.2014.09.0089.html



1270

T SV LA 73 AR ]I, Al 5 A% S g
T Myostatins JJLAH J 14 58 73 A0 0 R 5, BAl 5880 =
& B, Myostatinili i Ras/Raf/MEK/Erk{s 5 # T 1l
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HiMyostatin#fs 6T 40 il 73 4 A7 0 HIAE I, FRATHE R
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1.1 EEMEERA

111 A E il PCRIX (Perkin elemer/ i),
PE9700). it % B B PCRAX(Biometra/A 7). i 174
U B 0 Hl(Beckman 2 1), TE300%¢ 6 5] & 2 il B2
(Nikona 7] %843 V66 FE T (Unicam A 7)) A
{XLS6500(Beckman2y 7)) X6t A ML) &
JE 2K FE B(SANYO). B4l /K AL Milli-Q). 7l
VKHL(SANYO). Fluor-s% I fit il 4 & 4i(Bio-Rad /A
Al AR B JR 4 (Forma Scientific A ). —80 °C
L VK #6 (Forma Scientific/A 7)) HZQ-CZ= S it ¥k
i (W RIEARWI BRI TAXAR ) )y 23 1228 4F (Thermo
BioAnalysis/A 7). DYY-II2% [& HL 3K A (AL 5L 75 —
DE IR
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FH AR S 56 = 40K 52 AR A B AL 2 VAT AL

1.1.3 4@ F(cytokines)fik Z X 2h4  4IiBIA
~f rhLIF(recombinant human leukemia inhibitory fac-
tor)l4 H Sigma’s ml, H 1% BSAIMPBS# fift B fiti 7%
Wi, #¢H; rhbFGF(recombinant human basic fibroblast
growth factor)#y H Invitrogen’y @, H 150.1% BSA
(910 mmol/L pH7.6[1) Tris¥a ¥ i bl il £, 7 F;
rhIGF-I(recombinant human insulin-like factor-I)JJ H
R&D ], F750.1% BSAI10 mmol/L I Fi RV if 1
%, 5 . Dex(Dexamethasone, — 3L [t K7
JTTPER) Ay ] 7 s S DK A Tl T 0 S AR (T 1R s e
PEEPVATBR A W), TTfa E AL .

1.1.4 ¥F %1% & Myostatin 21 iU ki Myostatin-
pET28 HH A S 46 =5 A7 Jg 1) 1 #g adt, i% o RE 28 3 AL
E.colii® FEBL21, Fik i & M/ W C-F- KMy-
ostatinfll 7 A% [1(His-tagged rmMSTN), £ & . &
JEEE S SR E TR, W 1~2 mg/mL, PLE4]
A AL FECEMs Y A£10 mLES 77 3 FP 73 1200 pL(4
W E20~40 pg/mL).

1.2 7%

1.2.1 CFMs#ysBFadzfc  $%Konigsberg™ ] /7 ik
DABLIRIZ: ] 2 CFMs: $&brifE 77 iEREALE TR IR, HY
G, 7y B E L BT 1S B BT ILET4E S A
IR WO LA 2B, LU i TR A s e R
By WO T BT A KRS TR P AT 5 kR
FLAT 445 pml¥yNitex i 9 1 38, K 41 i B8 2%
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AAL14~16 h; YL, K L E 70 CCOKM R A
123 A% FH  HHIESR A Image 1€
##Northern blot4h ). 5256 25 HK H Excel#K 4 70 #T,
o 18] Hi s 22 5 0 A K H G 6 AR AR 56 . P<0.0524
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2.1 Myostatin#I] | CFMs 7 {£

45 3 H e FE25, 50, 100, 200 ng/mL Myostatin
2 AR AL B 53 A B IR AR v B IR (0 0 I B 4
JE, RACFRAN A s i, b BRI 124 ho BEHE Myo-
statinyf< [5£ (1K) 58 00, B 8 JUL 40 1 23 A0 AH ¢ I b 8 2k A
myogenin( & 1A F1 1B)LL S caveolin-3( & 1A FIT 1C) )
RILEB WD AR, Myostatin A 7] 4K
) T7 AW I CFMs 73 4L«

H 41 7 M Myostatinib PECFMs, i L 7E B 57

(A) (B) (©)
9 1 7 -
tMSTN 8 1 6
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CU LT DR |
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[5) = 7
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18S 0 - 0 4
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A: Northern blot /7 VI %25, 50, 100, 200 ng/mL rMyostatin ) X IS4 531424 hif AH G Rimyogenin A K caveolin-3 113461k, 28S rRNAFI
18S rRNAfE K LRI B: Bl A Northern 2448 55 5 B 2 1, FH28S rRNATKIE -5 i BERRHEA UG [ myogenin ) #i%; C: ¥ A'North-
ern A4 AL (5 5 o B FH 4 A o2 &, FH28S rRNARI{E 5 58 5 b HEAL LU i caveolin-3 /1 1A; D: Northern /7 ¥4 011200 ng/mL MyostatinX 1% I8 s ATLAH i
73186, 12, 18, 24 hi 40k bR & L Kimyogenin PA M caveolin-3 /(122 5%, 28S rRNAFI18S rRNAYE A EFERNH I E: FIDH ' Northern 2442 (1947 5 k& H]
BopFsE i, 111288 RNARIE 5 sk EERRHELL LU Imyogeninff)#1%; F: FIDH NorthernZ A2 (KI5 5 5l #P 72 , H128S rRNARIAE 5 ot bRt
LU fcaveolin-3 {4k . “ A LIPBS AL PR IR LA, “+ 4t rMyostatinkE BRI AS IR BRI L. *P<0.05, **P<0.01, ***P<0.001.

A: the expression of myogenin and caveolin-3 in chicken fetal myoblasts treated with different dosages of rMyostatin was analyzed by Northern blot.
28S and 18S rRNA served as loading control; B: myogenin expressions were nomalized using 28S rRNA by quantifying the signal intensity of the blot
in A; C: normalized caveolin-3 expressions using 28S rRNA by quantifying the signal intensity of the blot in A; D: the expression of myogenin and ca-
veolin-3 in chicken fetal myoblasts treated with 200 ng/mL rMyostatin for the indicated time points was analyzed by Northern blot. 28S and 18S rRNA
served as loading control; E: the normalized expressions of myogenin using 28S rRNA based on the quantified signal intensity in D; F: caveolin-3
expressions were nomalized using 28S rRNA by quantifying the signal intensity of the blot in D. “+” stands for chicken fetal myoblasts treated with re-
combinant myostatin (rMyostatin). “~” represents chicken fetal myoblasts treated with PBS as control. *P<0.05, **P<0.01, ***P<0.001.

[El1 Myostatin A5 & F08T 84k #h A0 75 20 CFMs RS 51k

Fig.1 Myostatin inhibits CFMs differentiation in a dose and time-dependent manner
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SRR FE O BRI, 4t LT JE VLA T (4l R AR 2
7N); LA B 7 Ak A 75 JE lmyogenin( & 1D AT E) LA A
caveolin-3(E 1DAIF) 1) F 1 5 56f FUAH AR L3 TR i .
P4k F W, Myostatin DA [R) 46 8 1) 77 30 I CFMs
k.
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SKACPEATREEVER], FRAT TR S AL AT 2T 4 40
AR (chbFGF) AL AL 3 A 85 78 2 rh 55 52 R CF M,
() IR FH 53 A0 =7 4 Jf R A 6 B thLIF. Dex Al
thIGF-I. XM rhLIF(25 ng/mL). rhbFGF(100 ng/mL).
Dex(100 nmol/L)A1rhIGF-I(100 ng/mL)%y 5 4t ¥ CFMs,
AL P24 15 R A Y5 PEMyostatinff) K I K. H
bFGFAL B 5, Myostatin[f) 218 7K~ 2 % ETFH(E2A
F2B). BEAF 5T 45 R K W, bFGF A LA I i Myostatin
FERMRIL
2.3 bFGFE}4 Hhif i3 MAPKYE S i@ L iMyo-
statinf9YRi&

T 3t — 2D B ZEbFGF X Myostatin ) £ 1A i #2
P, 3 A5 BIAS I T OFGEAE AS [ 751 8 DL K AN [+
1 FH I T8] B Myostatin 1 26 5 /K- 1756, 433 H 10,
50, 100, 150 ng/mL{{bFGFAL#L.CFMs, 4b P24 hJi
M Myostatin 1] ¥ 5 7K A2 A0, %F JEZH 40 i FH0.1%
BSA WAL, 45 9 A B, bFGFXMyostatin )% 5%
W 428 R O T 2 bFGFIR BE 8 10 ng/mLIs, Af
LLAS I £ MyostatingZ 15 ¥ 46 T+ i (5 80 59); b A5
bFGFIK J& 19 184 11, Myostatiné ik T i i 34 32 Wit

(A)

bFGF

‘ - S T T S—

Control LIF Dex  IGF-1

# o bFGFIK J¥ 4100 ng/mLIN ik B {f, J 4 #5716
JE(EI3AFI3B). 14 SRR B, bFGF LA A & (i ¥ 7
M T Myostatindi K ) 2R 1% .

B, A1 T 50 ng/mL bEGFALFECFMs, £F
LbFE6, 12, 24, 48 h 73 7l K M Myostatin ) % 5% 7K -
Ak, G5 RSN ALA B, bFGFALHE6 h ) A ]
A F|Myostatin ] % 148; AL #1112 hj5Myostatin T 4 7
15, HAEALPE24 hik BIIEH; AbPE48 h)5, Myostatinff]
FIE N F(EBC). M4 BARW], bFGF LA AR R 1)
77 A Myostatin & PR ) Rk .

1 716 hitfNorthernz% A8 3% A £ Ml FbFGFXf
Myostatin 12 1) B 42 5 Wi, DRI I AT SR H AUk 1)
Real-time RT-PCRJ; 2t — A K MlIbFGF AL #4116 h
S X5 40 B 4 4k AiMyostatin (1) % 15 15 S (KI3CHI3D).
2E LKW, bBFGFALEE6 h4i i 70t AH <3 lmyogenin
WA BB (E3C0), TiMyostating A i 3 (K
3D). X i W], bFGFX}Myostatingé i i 1918 J A
J& HFbFGFXS 34k 52 35011

2 %1, 76/ B bFGFIE I MAPKAE 5 1l # 52
me JUL 40 2 Ak, T BACh T 3 — 0 SRR AECFMsH
bFGF /& 1 ] Iff] ¥ MyostatinZ 15 1], A1 HIMAPK
15 7 10 2% 1 RE S5 1 BH BT 23 ——PD98059 4k £
CFMs, #R J& K iliMyostatin ) 6 1A 254k . S5 1 4G
K HIPDAL #ECFMs, 1 FH 15 [8]30 min, BT 41 i A
MAPK {5 518 % Ji7, 75 HIbFGFALELAN Mo . &5 5L B0,
bFGF X MyostatinJ [A] (1) 4 55 B0 4F B 2 ek 55
A, A S5 U BIMAPKAS 55 B B 5 T (5 058
45 T)bFGE X} T Myostatin i) 4% 5% 3% 20 . (K
3E).

(B) 50 7 kokok
S g 40 1
ZiR=!
53
Myostatin 2 % 20 1
288 Sz 10 A
188 5 5
22 00

Control bFGF

A: Northern blotJ5 V£ K lIbFGF. rhLIF. DexHIrhIGF-14: #CFMs 24 hJii N Y5 FEMyostatin [ % 1%, 28S rRNAFI18S rRNAfE Ay 1 Ff %t 1K B:
Northern blotZ4A2 {5 5 58 & F 45 2, 28S rRNAIE 5 58 brUELL 5 1 TR EMyostatin 215 . #*%P<0.001, Scontrol41AH LLEL
A: Northern blot was applied for analysis of Myostatin expression in chicken fetal myoblasts treated with bFGF, rhLIF, Dex and rhIGF-I in differentia-

tion medium for 24 hours (DM 24 h). 28S and 18S rRNA served as loading control; B: the normalized expressions of the endogenous Myostatin using

28S rRNA based on the signal intensity in A. ***P<0.001 compared with control group.
[E2 bFGF_LiEMyostatinf & ik
Fig.2 Expression of Myostatin is up-regulated in CFMs treated with bFGF



P2 TN 0 %5 bFGFIl I MAPKAS 518 #% 1 17 Myostatin# 1A 1273

(A) (B)

6h 12h 24 h 48 h
0 10 50 100 150 (ng/mL) =+ -t -+ - 4+
. 8 8 Myostatin - . Myostatin

28S
288 18S
18S

© (D) (E)

—_
[=)}
)
4
W
J

= + - + bFGF
PD98059

g
(=]
L

- = + +
‘ Myostatin
F - 288

18S

Ju—
W
1

—_
(=]
1

0.4 -

o
n
1

The relative expression
levels of myogenin
o h ;
o0
1
The relative expression
levels of Myostatin

0.0 - 0.0 -
bFGF - + bFGF - +

A: Northern J5 A8 £ 10, 50, 1001150 ng/mLIFbEGFALFE4H iI24 h)i Myostatin ()4 5% KFEAR 4k, 28S rRNAFI8S rRNATE: 4y - #E 55} H; B:
50 ng/mL bFGFAC 40 i, 7EALER6, 12, 24, 48 )5 K i Northern /71243 il Kl Myostatin 1) 3% 5 /K P-4 1k,; C: Real-time RT-PCRJ; £ MbFGF AL B
406 hJ x4 fiimyogenin ()% i%; D: Real-time RT-PCRJ7 V£ MbFGFANFE4H Hu6 h)i %+ 41 iigMyostatin ) 3% E: Northern /5 s Ml Myostatin ]
AR, 288 rRNAFITSS rRNAYEN EAFEEX . +++P<0.001, 5control AL LLEL.

A: the expression of Myostatin in CFMs treated with different dosages of bFGF for 24 hours was analyzed by Northern blot. 28S and 18S rRNA served as load-
ing control; B: the expression of Myostatin in CFMs treated with 50 ng/mL bFGF for the indicated time points was analyzed by Northern blot. 28S and 18S rRNA
served as loading control; C: the relative expression of myogenin in CFMs treated with 50 ng/mL bFGF for 6 hours was analyzed by Real-time RT-PCR; D: Real-
time RT-PCR was applied to examine the relative expression of the endogenous Myostatin in CFMs treated with 50 ng/mL bFGF for 6 hours. E: the expression of
the endogenous Myostatin in CFMs treated with FGF and PD98059 was analyzed by Northern blot. 28S and 18S rRNA served as loading control. ***P<(.001
compared with control group.

El3 bFGFELS i8I MAPKIE S i@ L A Myostatin) ik
Fig.3 Myostatin is up-regulated by bFGF partially through MAPK signal pathway
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