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Myostatini# 1T PI3K-Akt-c-Jun{s S 1B T

VEGFAZEMG-634A B -h g RIE

RE EH R AW AR#E
CIR M BERLR 220 B 25 PH ZEBe A 9236 %=, 41 322100; 2 [E £ 25 K2, 615 40402)

WE KRR AT B F R AP E (myostatin)Fefo % K K 4 K B -FA(VEGFA), 127 %
Z 8 89 K Z % RO . Z AR R Western blotiX R F#RT-qPCRIELA 5 #7 T myostatin#] LMG-63 4@
Ji & VEGFA % @ ArmRNA K A # 69 T A6, K API3K. Akt. c-Juné) 7 4] 7 SKsiRNALL 22 4m L5 5>
R Ko A8 L B & 84 B BR AL AL B oA B VEGFA ) £k K-F, 4 % & %, myostatin{® #t VEGFA % & #=
mRNA#) & A, HIRE A3 ng/mLEf & X &R &; myostatinkt 22 &, PI3K. Akt. c-JunZ & #9585 B 10
A2 5 3G A A8 KL 64 37 48] 7) 4L 22 4@ % /& myostatinf€ $t VEGFA R & L &94E B iR 38, ZAtR &, &
MG-63 482, , myostatini® i1 3% 7% PI3K-Akt-c-Junfz 5 18 3L # VEGFA 49 & A .

KB BRI DR, M B AT A; PI3K/Akt/c-Junfs 5 il %

Myostatin Regulates VEGFA Expression in MG-63 Cells Through the
PI3K-Akt-c-Jun Signaling Pathway

ZHAO Jin', PAN Xinling', JIN Lulu', SU Zhenming®*

("Department of Biomedical Sciences Laboratory, Affiliated Dongyang Hospital of Wenzhou Medical University,
Jinhua 322100, China; *China Medical University, Taiwan 40402, China)

Abstract Myostatin and VEGFA highly expressed in patients with rheumatoid arthritis, but the relation-
ship between them is unclear. In this study, the paper analyzed the expression of VEGFA by Western blot and RT-
gPCR. The phosphorylation levels of PI3K, Akt, c-Jun were detected after treatment with inhibitors or siRNAs. The
results showed that VEGFA protein and mRNA expression increased when the cells were treated with myostatin,
and the highest level was at the concentration of 3 ng/mL. After myostatin treatment, the phosphorylation degrees
of PI3K, Akt and c-Jun protein increased, and the up-regulation effect of myostatin on VEGFA protein was weak-
ened after the corresponding inhibitor treatment. Myostatin up-regulates the expression of VEGFA in MG-63 cells
through the PI3K-Akt-c-Jun signaling pathway.

Keywords osteoblast like cell; myostatin; VEGFA; PI3K/Akt/c-Jun signaling pathway
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(theumatoid arthritis, RA)¥#5 I 40 i ', myostatingk ik
i i, #MEmyostatinBE 6% 75 FRATH FE4H o A i
R FE K F-a(tumor necrosis factor-a, TNF-o) {1 3 i 1
m, Hix— g4 2@ g PI3K/Akt/c-TunfF 5 il
eI, G5 A FERA R B4 2R 178 b I
W 7 A K [T~ A(vascular endothelial growth factor A,
VEGFA)Z 1k & 55 38 i 1) 2455, 2% 18 FIRA M JIE 48
Jf 1 VEGFA ) 2255t 7] (H PI3K/AKt 5 10 B 1 151,
H VEGFA®E =t 5l ¥ 4 Rz 248 i 28 5357 79 3R 1% o0 Ak SR A2
HEBT AR S T B, BN i A s g VD, v R ARA
A JNE IR A R RO A AN E FE R . ik,
AW FEHE TR myostatingg 75 1.2 HPI3K/Akt(5 5 18
% U T VEGFAR 2k, AT ARAR A 95 HL ] 2 4t
B S ERE, ARAVRTT FRAL T BE A AL A

1 #RFEE
1.1 #pa R

BCE PR MG-636 B ) 35 e BRAE VIR A
PR .
1.2 FERFISNHE

DMEMH: 753, G4 IfL3% (fetal bovine serum,
FBS). PBS ¢ H At 41 4 77 557 B Thermo Fisher
Scientific/A 7] . FUiAp-PI3K. p-Akt. p-c-Jun. B-Actin
I F Cell Signaling Technology /A ). P& PI3K.
Akt. c-Junfll VEGFAJ 5 Santa Cruz Biotechnology
~#] . Myostatini H PeproTech/A &) . PI3K il 57
(LY294002). Akt1/23 B0 75 (il 44 : Akti-1/2 =58
LIREIKEW), 1785 A6730). c-Jun#iffil 71| (Tanshinone
ITA) H Sigma-Aldrich’A 7). PI3K siRNA. Akt
siRNA. c-Jun siRNAJY H GE Dharmacon Research/A
#]. Trizol Kitid7| H TaKaRa“4:#) /A 7] . Dharma-
FECT 1#/&1§ H Lafayette A ] . HZEBR. —FeH I
AT SR, i 20 BEYRY . ke
FE RN (sodium dodecyl sulfate, SDS)IA H N 3&
BHEVRIHE AR AT . RT-qgPCRIX#E H Beckman
An]. WEERIGHABAEEE H Bio-RadA 7] . Bio
Drop DuoZ3 G ETHIE B _Fig 5 SCAEMRHA TR 2
o
1.3 SEBTE
131 @fasdsc 1837 °C. 5% CO&M FH&
10% FBSFIDMEM#: 77 £ 55 FEMG-63 21 fitd . 5 %
P — UOHT B IR R 7R 2, 20 M % BEIA 280% LA L it

47 myostatin A A1 71 55 AL B OGR4 .

132 Western blotiZ A4 myostatind] 4+ VEGFA &
keg®e ANFEIR Emyostatin(0. 0.1, 0.3, 1. 3.
10 ng/mL)HHMG-6341 i1 24 hift I &E4Hi. FIRIPA
LA AN B BB AR R, BCATR TR &l 5 3R K
[, 4 SDS-PAGEHLIK 73 55 Ji5 i #% & 1 )i £|PVDF I
_F(400 mA, 90 min), #3 F4%1 i fig 25 95 4 i
F11 h, 285 = H B VEGFABB-actinffif&1 h. 43t
TBST =R 5: 5 I B A P B A 0 1 — P,
FIRWFE 1 hIFPes =k, & e AL RO B A
BEAT R .

1.3.3 RT-qPCR% 5 #7 myostatinf] i xF VEGFA &
K8y Fr AN myostatin(0. 0.1, 0.3, 1.
3. 10 ng/mL)#I# MG-6341 i 24 hFFURELNHE, %
H8 Trizol Kitia /)& (45 1 Ui B B2 IS RNA, H
Bio Drop DuoZ3 6 B vl 5 & RN AR IF %
T R & R U B B0 % 5% 9 cDNA. SR H
Bkl (SYBR)HH4T RT-qPCREEH: . I FERI U
GAPDH L5194 5'-TGG GTG TGA ACC ATG
AGA AG-3', FiF51% N 5-GCT AAG CAG TTG
GTG GTG C-3'; VEGFA EJ5|%°85'-GTC CCT
CTT GGA ATT GGA T-3', Nl 5% 5'-TGT ATG
TGG GTG GGT GTG TC-3',

1.3.4 Myostatin £ VEGFA & ik 6913 5 5 F 4]
37 °C. 5% CO5&MF T35 FEMG-63 41, 1740 2% iE
1B F80%], 25 F e AV ¥ i myostatinJil FAS [F] i 7]
(0. 10+ 1530+ 60+ 120 min), Y5540 /i J5 £ Ml p-PI3K
p-Akt. p-c-JunfJRIER, #iE PI3K. Akt. c-Junif
AR RIS TE) 5, 25F 10 pmol/LAH 24014171 (LY 294002,
Akt#1#1]57] , Tanshinone ITA)4bEE 30 ming} f# ] Dhar-
maFECT 155447317 siRNAS, 4L 24 h, FE45 Ui
IR FE myostatin il IHOF AR AL, 43 HT VEGFA %
i B K PI3K. Akt. c-JunfERR AL =% 2 [H]
) E R R

1.3.5 %itsEom K FHlGraphpad Prism 7.0%f4:
XF S8 B AT Gt o e s DA B AR i R
(es) RN, I B3R Fl R 56, P<0.05# N B A
GuitaEE Lo

2 R
2.1 MyostatinfEMG-63£BE {2 i# VEGFARIFRIE
AN[ERAR ) myostatinfE FH T MG-63411 /5 , VEGFA



X EE: Myostatinif i PI3K-Akt-c-Junfg 5 18 4 8 5 VEGFATEMG-63 41 Jitl /1 f1) R 1A 1173

FEXAFUE 1 TR, 2 myostatini [ 4 3 ng/mL I |
VEGFA H I %1k & i = (BI1A), mRNAR B & 5
B H/KF—2, Blmyostatini& & A3 ng/mLI VEGFA
ImMRNAZKIE 7K 5 i (K] 1B)

2.2 PBK{EEEHZ Smyostatinif S VEGFAR)

PI3K-Akt{5 5 @2 5 A= E 5 . AR
EHRA RS L PTG, 5 RAWR A KR
PIMDE. DAk, AR T myostatindfll 385 PI3K A%

PI3K ¥ R AR B2 B Y2 38, 7E 60 min i R Ak,
KV, 75120 mlnﬂa‘ﬁﬁﬁT F% (B 2A); BRI
PI3K #1771 LY2940028%# I\ PI3K siRNA 1]
HFRIE, F4 L3 ng/mLIKmyostatin il 4 5 16 M PI3K
BERR ALK, I A 5T 405, PIBKA SRR 1L K
KT myostatinkb B2 41 (¥ 2B); 3 ng/mL [ myostatin
A J5 VEGFA R 1 R IE KT, AT
PI3K I #I# 7FI LY294002)5 , VEGFAR (AR IEEH
B R B (K 2C), &8 PI3KZ 517 myostatin{ie 3k

FRAGFERE » B myostatinF H B [A] 1 2E K (0~60 min), VEGFA 1A B 2

*

(A) B _ 8 _T_
S
Myostatin 'z
Z10 S 67
] S
0 01 03 1 3 10 /ngmL’lm 5
= S 06 < 4
i I I I l IVEGF 50_4 E
%0'2 E 2
———————— | [-actin o on I_'Ll lll |l|
3 i ) |—|
MMyostatm treatmem concentration E 0 . . . , , ,
NI N NS D /ngml!

Myostatin

A: RJEHKEmyostatin 2 FEMG-63 411124 h/& VEGFA K [ 5 &, n=3; B: AN[FW E myostatinit FEMG-6341 1124 hJ5 VEGFA mRNARIE &, n=10,
*P<0.05, Emyostatinib IR 50 ng/mL AR FRZHAH LG .
A: MG-63 cells were incubated with various concentrations of myostatin for 24 h and VEGFA protein expression level were measured by Western blot
(n=3); B: MG-63 cells were incubated with various concentrations of myostatin for 24 h and VEGFA mRNA expression level were measured by RT-
qPCR (n=10). *P<0.05 compared with myostatin untreated controls.
El1 MyostatinRI % MG-63 208 51 VEGFA Fik 8220
Fig.1 VEGFA expression in MG-63 following treatment of different concentrations of myostatin
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!ld B-actin o *\\
Myostatm

A: myostatinf FH N [7] IS} 6] J5 PISK &% 4 1 i B2 1L 7K °F; B: PI3K siRNA(1 nmol/L)E¥ # #1#] 7/LY294002(10 pmol/L)4b B 5 PI3K fi & 1k /K - C:

LY294002(10 pmol/L)Hil 7 4b 3 5 VEGFAHE [13RIA/KF . n=3, *P<0.05, Smyostatin AR AL FLH ALY .

A: phosphorylation of PI3K protein after myostatin stimulation at different times; B: phosphorylation level of PI3K after treatment with PI3K siRNA (1
nmol/L) or inhibitor LY294002 (10 pmol/L); C: expression level of VEGFA after treatment with LY294002 (10 umol/L) inhibitor. n=3, *P<0.05 com-

> o
P

VEGFA/B-actin protein
=Y
o

pared with myostatin untreated controls.

E2 PIBK{ESEH% Smyostatinif S VEGFARIFRIE

Fig.2 PI3K protein was involved in potentiating the expression of myostatin
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2.3 AktEE5EHZ 5 myostatinif S VEGFAR)
RI&
T 70 R BI, Aktf) B FR A0 R 2 6 25 myostatin{E
IS8 ()38 0, 7E60 minfiF % AR BE ik B i i (EI3A).
Akt 1] 771 FIsiRNA I AE F B T myostatin ) 3
BRAKP R BEE - (EI3B), BAKUE S A2
myostatinifs § VEGFAR A [T 72
24 cJunfES5EHEZS SmyostatiniF S VEGFARZRIA
c-Jun @ A% SO B L KR 0L, S 53k
() s g s A A TSR AR . BEE
myostatin{E B (8] K348 0, 7E30 minf, c-Junf) @R

(A)
Myostatin 20

0 10 15 30 60 120 /min
3 <
e sam ‘!.! p-Akt é‘o.s Illﬁ
Myostatin treatment time

R B, B 20 PR (EI4A); c-Jundi ]3] Tan-
shinone ITA B ¥ siRNA F1/E H F# 1% T myostatin I 1
c-Junf) V% 46 72 FE(El4B); LY294002. Akt# il 77 Ak
A 2 B ffemyostatin b i c-Jun [P i B2 AL 7K >, 3 BH
c-Jun & PI3K-Akt] T ¥iF &5 H (14C), Tanshinone 1A
A PR A0 M 5 5 45 PlmyostatinZb B, VEGFAZE [ 1 3%
15 1 2 F (K T-myostatinit 2 21 (&14D), Rlc-Juntk (A
Z Hmyostatinifs F VEGFAI Kk
2.5 FEMG-634Akf &, Myostatinif iT HEPI3K-
Akt-c-JunfE 5B HIEVEGFARI R

X MG-63 41 L HEAT LY294002, Ak il 55 Al

(B) Myostatin
£20
«0\‘0 s
& o N \ '
580 X S D) 2 10
T
| ——— 0

N
‘\\@\ o =

_ \‘\60 P&\é\
Myostatin

A: myostatin{F F A~ [&] i 8] J5 AktZE A B9 BR 4k 7K F; B: Akt siRNA(1 nmol/L)5K # Akt 1] 7 (10 wmol/L) 4t ¥ 5 Akt A B IR (L. /K o n=3,

*P<0.05, Smyostatin A& AL EEALAT LL

A: phosphorylation of Akt protein after myostatin stimulation at different times; B: phosphorylation level of Akt after treatment with Akt siRNA (1 nmol/L)

or Akt inhibitor (10 pmol/L). n=3, *P<0.05 compared with myostatin untreated controls.
E3 Akt{55EHZ Smyostatinif S VEGFARIRIL
Fig.3 Involvement of Akt in myostatin-induced VEGFA expression
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A: myostatinfF F A~ [ 5 7] J& c-Jun & (A B RR 46 7K T B: c-Jun siRNA(1 nmol/L) &k #01l] 75 Tanshinone ITA(10 pumol/L)Ab¥E & c-Jun B R IL /K *F; C:
PI3KAMHIFILY294002(10 pmol/L) AktHIHIFI(10 umol/L)AEFH J& c-Fun ¥ 3% AL FEE; D: Tanshinone ITA(10 pumol/L)AF 5 VEGFA £ (I R ik & .
n=3, *P<0.05, Hmyostatin &AL, “P<0.05, 5 Rt 47 myostatinib (1 2H A AH LE

A: phosphorylation of c-Jun protein after myostatin stimulation at different times; B: phosphorylation level of c-Jun after treatment with c-Jun siRNA (1 nmol/L)
or c-Jun inhibitor Tanshinone IIA (10 umol/L); C: activation degree of c-Jun after treatment with PI3K inhibitor LY294002(10 umol/L) or Akt inhibitor
(10 pmol/L); D: expression of VEGFA after Tanshinone ITA (10 pmol/L) treatment. n=3, *P<0.05 compared with myostatin untreated controls, “P<0.05

compared with the myostatin-treated group.

&4 c-JunfFS

EH% Smyostatinif S VEGFARIRIA

Fig.4 c-Jun protein was involved in potentiating the expression of myostatin
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AL B: LY294002(10 pmol/L). AktHffifll51)(10 pmol/L)5% Tanshinone IIA(10 pmol/L)4b¥E f5 VEGFAFIEKF. Western blot31 5, n=3, RT-qPCR5ELE,
n=10. *P<0.05, Smyostatin AT 0 ng/mLAZHAIAH LL, *P<0.05, 15 H 3T myostatin A F [ 41 FIFH LE
A,B: VEGFA expression levels after treatment with LY294002 (10 pmol/L), Akt inhibitor (10 umol/L) or Tanshinone IIA (10 umol/L). *P<0.05 com-

pared with myostatin untreated controls, “P<0.05 compared with the myostatin-treated group.

5 MyostatinZZ FHPI3K-Akt-c-Jun{z

SERIFFVEGFARIRIA

Fig.5 Myostatin induced VEGFA expression through the PI3K-Akt- c-Jun signaling pathway

Tanshinone ITA [ 4 # & myostatin [ 5l 5 # D
VEFGAH HHImRNAKIAE . Smyostatinkb 20 #H
Et, #175) +myostatinZl 1 VEGFA T A ()R I & H
Fi N (E5A), HVEGFA mRNAK A& 8 Z (A
5B). HHULATAL, £ MG-6341i ', myostatinif il ¥
TG PI3K-Akt-c-Junfs 518 B 4% VEGFA [ R IA

3 g

HIHAZCHE A SRS R I, RA B3 i myostatin
M VEGFAZRIE LA, NIAHT 787 MG-6341 i A
T PI3K. Akt. c-JunZ myostatinfll 3 5 )15 1L
FEJE & VEGFARI R A&, KB myostatin ] DA i
PI3K-Akt-c-Junfa 518 B (135 4, AT F i VEGFA
HE S

VEGFAZ 5 RAFIR KA K J& b i i & 8§ T2

G YERFUE A M S NS AT g T (i ik M A E

TR 58 PR 7 40 B A 2 1 (interleukin-1, TL-1)-
40 ffi /> & 6(interleukin-6, IL-6). TNF-0Z515fE 7
S VEGFARIREJ, e BER AW B ML 2B, 953K
BRIE AR IR RAK R B BLIRY ) 5500 ™ A
B B MRAERATRMPEEEEM: B
WEARAE . IR EL 4R A 4 MR 7 (IL-1. IL-6. TNF-o)
S TR B A R A, R R B A B T R —
PR OSL ) BROA B8, FERR T 2510 T B 85 ia e, &
5 AR A Y. VEGE AT LU S 05 1 40 i 1)
o341, RAH VEGFA AT DLV % B 240 10 73 A4 5% it
F 1% «BZ AR E AL F LA (receptor activator

for nuclear factor-xB ligand, RANKL)1fij [A] 3224 L%
AR A, BT AR RAE I BAR 1, jeAh,
I VEGFA7KF 0] E AR A ST 445 ) — AN FE AR
IIH: VEGFAZ 5 LE B TE R, 4ERFIE IR R AN,

HRA, FRARAEKEPREEZ/EH. 1)L
EuVEGFy'\JEEffE?ﬁﬁRAE@? PI(TNF-offiil 7]
ZiTR AR B, AWK I, myostatin ] 52
i VEGFAKIA .

Myostatinie 1 IL4H ™ A A5 s 1) /N 431 L
BREEE, JB T TGF-BHE SR b1, XL IR AR K ke 47 3
EAEAP, G5 R, myostatin ] BE7E 4k &7
1577 10 R AFAE L AEARSR, myostatin[B]#2{E 2E 1% B 41
H o3 AL A E US55 41, myostatin{s RS E 4 A 436
(1) % Bt K] ¥ runtAH OC 5% 5% [K] F-2(runt-related transcrip-
tion factor 2, RUNX2)ZK ik N, 520 pl i 4i i DI R,
SECHE IR, BEAh, myostatin?E RA R IA
R, EHAERSMEREIL-1. TNF-affi ik, 454 A0
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— i 2 id PI3K/AKtE B AT A5 PI3KY
AktLE%?E%ﬁ%E&%&E‘J%EE , T AKEROE N %

—ANWEGEE, FENO, {21 VEGFAFI A I 3
AR HRIA, 51 P R A0 BT F% R SG B, 2 5 i
EIIFENE, TR MY TR A U710, S 28 i 4 gk
ANKNIZ 5 RIE [ NS L 2% A4, #ET 0 E RA R ™ =
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2 TR, VEGFATE RATE IR A 0E . B =1k &
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