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(B ZE] B#: HiTimE%KE D (angiotensin 11, Ang IT ) %54 8] 78 57 T 41 il (mesenchymal stem cells, MSCs) {5 554 5
TG SR TR 1 3(signal transducer and activator of transcription 3 ,STAT3) /KSR IHAT , 434F STAT3 7E Angll 55 MSCs 1Y 145
WA K KIF  (vascular endothelial growth factor, VEGF) FRBEINPRIYER, BFE I S ok K AL il (angiotensin converting
enzyme, ACE) 5 Ang [l JillJ%15 2% STAT3 BERRILZ A SCR . 7k o5 a2 KB MSCs, LA Ang [ (bS8, I 14T STAT3
f9/N T4 RNA(STAT3 siRNA )l ACE Ml 28 FI S Mgt A T+ 8, HISAEENE % (Western blot) AN 2RI STAT3 B 1L
I ACE #3A7KF; FH Real-time PCR AN VEGF mRNA 357K F-; HI ELISA BAG IR VEGF Ik, 4R
@ 7 MSCs 1, Ang I1 1755 STAT3 HYBERR LA T-HE N ;@ STAT3 siRNA B SAH] Ang 1117551 VEGEF F3AH53M ;B RATEF
BT Ang [1iEF) STAT3 Bk, 4518 .75 MSCs ', STAT3 25 T Ang 115589 VEGF ik, 31 H Ang 1 1551 STAT3
HA ACE kit
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Involvement of signal transducer and activator of transcription 3 in angiotensin || -
upregulated vascular endothelial growth factor production in mesenchymal stem cells
ZHANG Jing-wen' ,HU Liang',LIU Chao', WANG Lu-lu',LI Qing-ping'**

('Department of Pharmacology ,’Key Laboratory of Cardiovascular Disease and Molecular Intervention , NJMU,
Nanjing 210029, China)

[Abstract] Objective:To explore the involvement of signal transducer and activator of transcription 3 (STAT3) in angiotensin
Il (Ang Il ) induced vascular endothelial growth factor(VEGF) expression and the role of angiotensin converting enzyme (ACE) in
regulating STAT3 phosphorylation in mesenchymal stem cells(MSCs). Methods:STAT3 phosphorylation under Ang Il stimulation was
analyzed by Western blot analysis. siRNA targeting STAT3 (STAT3 siRNA) was used to inhibit STAT3,and its effect on VEGF
production was examined by measuring VEGF protein level in conditioned media and VEGF mRNA expression in MSCs with ELISA
and real-time PCR,respectively. Besides, captopril was used to specifically inhibit ACE,and its effect on STAT3 phosphorylation was
analyzed by Western blot. Results: (D Ang Il stimulation significantly increased STAT3 phosphorylation level; (2 Pretreatment with
STAT3 siRNA markedly abolished the Ang Il -induced increase of VEGF mRNA expression and protein synthesis; 3 Captopril
significantly inhibited the Ang Il -induced STAT3 phosphorylation. Conclusion:STAT3 is involved in the Ang Il -stimulated VEGF
expression, and the Ang Il -induced STAT3 phosphorylation is ACE dependent in MSCs.
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SRR ARG THRE T B AT R PR, X — A
RKBHAT T MSCs 3697 HY & e, A e an faf 42 1w
MSCs 97 &R 2 H Rl 32 & T 5T Ay B 2
B, MSCs B A2 5 0 NI Y — > EEZAL G 2
1ok 5543 WA 5 Tl A A DR LA R R A RE SRR | & #E 2 I
R U AA S BB, FEARZ AR A T LA
W A K A F (vascular endothelial growth factor,
VEGF) &A% T EEIEH, SMieit VEGF ik
F o3 WA 1 PR 2R ¥4 W] RS m MSCs 1.0 ILER 47 BB
J1 145 55K E 1 (angiotensin 11 | Ang I ) /&' ZE -1l
EEKRRZAGEPAEENZIK, AMUFET MG
b WAEAE T4 R AR SR A, 4945 MSCs Hr),
AR A Ang 1 GBS 35 (e #F T 40 it VEGF
AR, X200 5 Akt Fl ERK /2 S8 B A0S A 55

T S SRS I 3 (signal transducer
and activator of transcription 3,STAT3) /&4 VEGF
BRI B ST A 1) A AR A T -
la(HIF-1a) #i% VEGF HY¥65% . STAT3 2 5MSCs
R 25 A DL R AR Y VEGE A7, 28
STAT3 R MSCs X0 HERIARYBES) TR, R
N VEGF kg A $5 i S AE 1 HE J1 I MSCs JIr
RO NEZ B INREMKIZ RE S R RS, K STAT3
BN KB MSCs VEGF 23k L K AP 16 I A
R AL

STAT3 il % RE# 22 Fh R R g ik, A AF 9T &
B Ang I AE 28— 1 22 Ikt FLAT fE 2 STAT3 1
TALRITEERE ), X —HLl 2 R AFAE T MSCs Hhig%>
A WLHE STAT3 2 B F S5 Ang 175511
VEGF FRIXH R AR, I, AW B TEWFE STAT3
S 525 Ang 119 MSCs ' VEGF ik, % &
B Z | A PR A E R W i 4 5 5K R L AL (an-
giotensin converting enzyme, ACE)Z 5T Ang 1155
Y VEGF 23K (53 3L 3R , ABIFFE I i ACE
Xt STAT3 BEFRALAR

1 ##FnT %

L1 ##

HEVETE 15 P 4N4F Sprague-Dauley  (SD) K,
(80 £ 10) g, Mg T st BERI RS sh Y .o, 3h
YA HEAES . SCXK (75)2002-0031, {fAE DMEM (L-
DMEM) B2 P13 (1:250) (GEF Gibeo /A7) ; B
g (32 Hyclone A F] ) ;Ang I (3£ [H Sigma 23
F) ) ;FastStart Universal SYBR Green Master (ROX)
(#iit: Roche A7) ; K VEGF ELISA X7 & (3£ H

R&D A¥)), STAT3 Hitlk .p-STAT3 HilAk (3L Cell
Signaling N ); FIEEF) (captopril , ES Sigma N
) ;B-actin HLHA ( FIF Abmart 23 7)) ; B i A4k
Yy (HRP)FRICH)EHT PR (SEE Cell Signaling 24
) ;STAT3 /N4 RNA (L1187 B0 7] ) ; Lipofec-
tamine 2000(3E[F Invitrogen /A H]) .

12 &

1.2.1 MSCs % & fod& 3%

JRERE SD KB, 20 B 24 N UL e R
T, FH L-DMEM Mk B8 K bt 10 5 BE W RS A
TS B A SRR 1131 g/ml Percoll 40 itd 43 25 W 1Y
BT, L2 000 r/min, B0 20 min, Y8 HHE])E
HIBAANZ AR, FH L-DMEM W34 2 W, ZJ5 L 1.0 x
10° A~/ml AR EEREEAD TREFN, TS IR 4k
10% FBS (1) L-DMEM 7& 37°C 5% CO, [/ 514 F ik
TP59% 548 h J5 A iE R IR0, AR TE AN AR KA
B, B3 d BRI 1R RRAEIAE K R AR T
80%~90%Mf, Hi 2.5 o/L MR RN LA TR
B, B3 d i 1R, S RE A A
A S, R EE LR R TR AR 3~5
RN F5255
1.2.2 Real-time PCR B

H TRIzol (32 Invitrogen Life Technologies 7
H)) FEEUHMLE RNA, T-80°C{#4F. SYBR Green
Master #% i BH B4 FH . 519 )% %) . VEGF L[ Ji# .5’ -
GCGGGCTGCTGCAATG-3", Filff :5 -TGCAACGC-
GAGTCT-GTGTTT-3" ;B-actin I Jif :5" -GCACCG-
CAAATGCTTCTA-3", Fi#:5 -GGTCTTTACGGAT-
GTCAACG-3',

1.2.3  Western blot #)

YA AR SR A A R . EAERTINA S x
SDS JINAFEZE w3 5 min, 50 wg & M BAE S
10% SDS-PAGE HiLIK /73 25 5 5% 2 PVDF I, 5%/

UK BB 2 h, R p-STAT3 5 B-actin $TiA
(1:1 000),4°CHEH &% . LA TBST PEEE 10 minx3
K ,HRP FRic B —HiE R FE 2 h; TBST PEME 10
minx3 ¥, il ECL &G 1 Kodak EUZR 5B EA4F
3HT G # PVDF LA Strip MRS , B 5%
W RE Ry IR ET AT 2 h, A STAT3 Hif& (1:1 000),
ACHFE IR, VEIRIG FH HRP ARG PSS
2 h, INASCRIT 3BT EUA
1.2.4 ELISA % VEGF 4%

WA I 20 BT B 0 S5 S BR ANk, TR AT
F-80°C, %M ELISA 57 &1t B HE , W bn (L
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FEAE 490 nm PR ADERIAE
1.2.5 siRNA #9453 B 4 Je s R 0h 45 )

WSO 20 L I AT B 109 00038 T AR &R 1
BigRm, WA eerh 6 fLtkh . & F 37°C.5%
CO, ML FHFEMFE . 24 h J5 H Lipofectamine 2000
¥ U8 BH #5100 nmol/L 1Y siRNA i1 A5 F2 W
STAT3 siRNA J& M i 38 w4 ALY 3 Xt 73 v
VERCT SRR S 1 1 XTS5, 1 XA AL
i) siRNA fE~ STAT3 siRNA 14 BH 14 X IR (Negative
control,NC), STAT3 siRNA J¥ 1] .5’ -GAGCCAA-
GAUUGGGCAUAUTT-3",5'-AUAUGCCCAAUCUUG-
GCUCTT-3" ;NC 41 :5'-UUCUCCGAACGUGU CA-
CGUTT-3',5'-ACGUGACACGUUCGGAGAATT-3', T
PR A i Western blot Kl 554 48 h J5 , #EHU#%
ZHARME RNA R A
1.3 %itFuik

N Excel SETH4R 4, BT A 8 DL 4 5 bn i 12
(% + s2) TN, ZHLRIIEU Lo BISR FH L 2R T
22000 2 R 5 25530 BOPI G LLER 1) SNK-g #5 5
HATILEL, P < 0.05 N ZERA G #E L,

2 &% B

2.1 Angll 4l MSCs #5 STAT3 Bz AL

M T WMEE Ang [T %F STAT3 Wi B2 Ak i 52 0 | ]
Ang Il 100 nmol/L 43 34EH MSCs 2 .4.6 h, L4
FHA Western blot #illl, 455 B] STAT3 #iR LK
FAE Ang ILFERT 2 h BFE W 3838 5, 7E 4 h ik 30
{H 5 TR STAT3 AKSERIAS i%ﬁﬂﬂ(rﬁ 1),

Control 2h 4 h 6h
P-STAT3 s c— G — -86 000
STAT? s— — a— — 36 (00

[B-actin oee— A A am—1) (000

61

Jlli

Control
5 Control MIHEL, "P < 0.05,""P < 0.01,n =
B 1 Angll {£3E MSCs 1 STAT3 ﬁﬁaﬂcﬂ@ o
Phosphorylation levels of STAT3 increased induced
by AngIl in MSCs

L W
f L

HEX TR IR IB K-
(p-STATA3/STAT3)
NS W

Figure 1

22 STAT3 A5 7 Angll %% MSCs #) VEGF &iA
H T WEE STAT3 7€ Ang Il 55 VEGF ik
BI/E RS, 43 3 100 nmol/L NC siRNA E{ STAT3
siRNA %4t MSCs, 43N NC siRNA 2H DL & STAT3
siRNA 20, FELA 100 nmol/L Ang Il 85 JCIM 151557
FERFELR AR 12 h, SR A RNA R4 3% 5%
¥ b7 LA real-time PCR A1 ELISA ¥l , STAT3
siRNA T3¢ STAT3 B9 AR Western blot £ il
(Kl 2), Ang Il 4bF] 12 h J5 ,real-time PCR %5 5258
B ,STAT3 siRNA & EMH T Ang T 5T A B
VEGF mRNA 35 (8 3), R}, ELISA &5 Syt —28
F 4% T Real-time PCR 455, B STAT3 #m e,
Ang 1155 VEGF & Y40 1 E PR (T 4)

NC STAT3 siRNA

p-STAT3

P12 Western blot Ml 5& STAT3 siRNA [ THERR
Figure 2 The efficiency of STAT3 siRNA transfection detected
by Western blot

251
# W Angll (-)

B 2 1 Angll (+)
X2
X 2
@3 s -T

e
=
e O 11
R
= = *
= =

NC SiRNA STAT3 siRNA
5R40 Ang I #9 NC 41 %L, *P < 0.05, **P < 0.01; 511 Ang I

Y NC 414, %P < 0.05,n = 3,

K3 STAT3 #iHIE Ang 155/ VEGF mRNA 7KFFEAK

Figure 3 VEGF mRNA induced by Angll decreased by block-
age of STAT3 in MSCs

23 FHEFIPHE T Angll 5 F 49 STAT3 BhEg ik

T WMEL ACE 1 Ang 1115519 STAT3 ®fR 1L
HEIVER, 7E Ang I RIECZ AT FHACE $I5-RIEE
F(1 mmol/L) FiiAb ¥ MSCs 1 h, #RJ5 FH 100 nmol/L
Ang [T FFE2 B 410 6 h W £E 2 M Western blot
R, SRR RAEE A UL IR Ang I 1755 1
M2fk STAT3 W& Wb, (HAEABRA RN, K
ACE #dm il 7, Ang 11 5 5 19 STAT3 WAL W 2% %
fR(K5),
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5007 = Angll (-)
450 Angll (+)
400 -‘i‘f
350 1 %
3001
250 1
200 1
150
100 4
501

—

VEGF(pg/ml)

NC SiRNA STAT3 siRNA
R0 Ang T NC 1S, *P < 0.05; 571 Ang IT £9 NC 41 He
#,'P < 0.05,n = 3,
Bl 4 STAT3 il /5 4 Ang 1S VEGF 2 143 WK F
HAI 5
Figure 4 Blockage of STAT3 attenuated VEGF protein
secretion stimulated by Ang I

Control Ang Il +captopril

p-STAT3 - ‘ - 86 000
' g
stars A - < 000

2.5 7

Angll

2_ 3k
= 15 1

1 1

X H RIS ACT-
p-STAT3/STAT3

o
n

T #
0 B
Ang Il Ang Il +captopril
5 Control ML, *P < 0.05;5 Ang I XEBRLHAA L, 7P < 0.05,
K5 ACE #HlE Ang I ¥55:1Y STAT3 SR ALK A

control

Figure 5 Inhibition of ACE attenuated the Ang Il -induced
STAT3 phosphorylation
3 4t i

AHFSE B UHE MSCs WEBIQ@ Ang 11555 STAT3
W1k ; @ STAT3 BEMRILZS 5 T Ang IS
VEGF £k 43, @ Ang 1S 1K) STAT3 Wizl
HA ACE #fitk

WF 5% & B Ang 11 I 3% 75 2 Fh 40 ff 68 05 15 &
STAT3 BEfRAL, T Ang I 55 STAT3 B 1k
BB, AR5 & B ACE BERZE T4 Ang Il &
BUAEHE STAT3 BTG M AT BE W], Ang 11 4
BHENS 5T MSCs P STAT3 BifR L, I H. Ang Il
W31 STAT3 SR L HA ACE {KEiME, K ACE

PO -RFCE R E A6 T STAT3 (YRR LK,
Ang [ 7E ZFHAIAAENS 15 T VEGF kb2 HifS:
ML fId% i+ ACE HIF-1a ROS 25455t VEGF 1y
FoR M ARBE T TAERIER] Akt F1 ERK1/2 09
257 Ang 1551 VEGF A5, STAT3 2%
VEGF B E B S ¥, A SCHRIE STAT3 2
57 MSCs FERiE £ 1F TN A T 19 VEGF A2,
SR, KT ETE Ang 11551 VEGF ik B Y
YER 25 AR WHGE , A5 &I STAT3 25 T Ang
175509 MSCs W VEGF ik f43ih, 3 H Ang Il
W% STAT3 BRI HAT ACE MM

ZHIREI ACE 25T Ang Il 15519 VEGF
#ik, I H AngIi5SH9 ACE HAT STAT3 Ktk
(JICFRERFR) . HIBBIARMF KM Ang 1155219
STAT3 iR fb K #t ACE, AHWF5TIN N ACE FI
STAT3 WhlR b Z [RIAF7E B AH EAR B R X — K
FAlfgit DAL T VEGF IIERIA

STAT3 4% VEGF ;= iy HAB AL, HIF-1o0
INHEF R MER . HIF-1o 2R PR A S
VEGF A iy H B S A, A58 & B STAT3 fig
i3 S I HIF-Tow A AN NGB HIF-1a & BORER
TE IR HIF-1o B9 FKSE s 7 B 40 i i BT
i VEGF Rk e KA s 77 48 STAT3 Al HIF-1a
L5 G2 VEGF s r s+ L1 JF B e T 4h
PIRFGE 2B, MERLEIS T 10 STAT3 B4 HIF-1o 7
A HEMIHG N VEGE 35 M7, KHfEET HIF-1a
AIEEHZ 5 T STAT3 /v 1Y Ang 1115571 VEGF
FeRHEIN, X HEWR S B R — R

M2 AR STAT3 2571 AnglliASH
KEL MSCs H' VEGF ik, His5 519 STAT3 Bz fk
5 ACE fi K, AR UE 7R T STAT3 7 Ang Il
SN E A, Wik — T Ang 155
VEGF A= gL, Pk, STAT3 AT ARE A A H s kil
DAL EEHL MSCs TIREBTIRY T HE S

(&% 30k ]
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