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Shear stress and vascular smooth muscle cells modulate the prolif-
eration of endothelial cells via TGFB1 and p-Akt pathways

JIANG Xiao-hua, YAO Qing-ping, JIANG Jun, JI Su-ying, QI Ying-xin, JIANG Zong-
lai( Institute of Mechanobiology and Medical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
China)

Abstract;: Objective To investigate the effects of shear stress and vascular smooth muscle cells (VSMCs) on
the proliferation of endothelial cells ( ECs) and the molecular mechanism involved in. Method Using parallel-
plate flow chamber system, normal shear stress of 15 dyn/em”(1 dyn =10"° N) was applied to ECs cultured sin-
gly and co-cultured with VSMCs respectively. Then, the expression of PCNA, a molecule representing cell prolif-
eration ability, and phosphorylation of Akt were analyzed by Western blotting in order to investigate the roles of
shear stress and VSMCs in EC proliferation. Under the static condition, the expressions of PCNA and p-Akt were
analyzed in ECs co-cultured with VSMCs with and without physical contact. And then TGFp1 neutralizing antibody
was employed to demonstrate the contribution of TGFB1 in VSMCs induced EC proliferation. Results Normal
shear stress decreased EC proliferation and Akt phosphorylation. VSMCs increased EC proliferation and Akt
phosphorylation in both co-culture conditions with and without physical contact. Normal shear stress partly re-
versed the increase of proliferation and Akt phosphorylation in ECs with physical contact to VSMCs, and TGFp1
neutralizing antibody exerted the similar effects in ECs without physical contact to VSMCs. Conclusions Normal
shear stress is a protective factor with its inhibitory effect on EC proliferation. VSMCs induced EC proliferation via
TGFR1 and p-Akt pathways by paracrine model.

%5 H HA:2010-06-24 ; f&[5] H H5 :2010-08-14

E&TH: ER 0 AR FESREIWH (10702043,10732070) ; L5 & HEF 2B 5 R BAR K6 W BT H (20092X09301-007) ,
{EH B/ : ZBAE(1984-) , &, WL AFFTA: BT 1A - LB 1 ) o

BEHESE ST, Tel : (021 ) 34204863 ; E-mail ; qiyx@ sjtu. edu. cn,



gL, % YIEAESNEEBINHERI N EHAREENSNE TGFRL 5 p-Akt FSERAELRMIER
JIANG Xiao-hua, ef al. Shear stress and vascular smooth muscle cells modulate the proliferation
of endothelial cells via TGFB1 and p-Akt pathways 317

Key words : Shear stress; Vascular smooth muscle cells; Endothelial cells; Cell proliferation; Cell culture

I B AR I BB REREAL | 1 B BB AR
J5 BB BB IR R A B AR I, A0 48 14 B 20
HITR% I FE I8 T LA K A M B T O B e e
KB S, SrREk, nEEEN L
H RESILE N A (endothelial cells, ECs) 45
AT RER RS ) R Hid  ECs W T RE
SRR EE AN ERNEEREZ Y,
5T ECs SEFETNREE 1b K A3 1ML X TIA IR BBk
SRRSO A L AP B VA A & o

I8 F- 18 WLZA M2 ( vascular smooth muscle cells,
VSMCs) 1 ECs 2 I BE I EE A MR 5. EIE
LT AT ML RE A U B 2 HES 9 ECs HAE T S
LR B el , 0 Y T S o 0L P T R B
TLER 'S5 VSMCs BHEEARSR . s T HARBR B A= B 454
fr, ECs —y 2N M iish i #=H R, JLHE VIR
JIWVERL, 5 — 5, X523 VSMCs & Ur i £
FhA: K IR TR R A TR 45 1M VS M R
W5 R, ECs 7] URSEA L AUBRAE T DI, 38
T AR T A A M AP R 1 A AR
Wi 17 35 5 A0, A 3R 0 B P 0 R g i
ECs FSGFH AR T AL TSP, A4ERFILETE A
S ITh Bk 5 5 R T T R
5, RN B S AT e B . R, ECs
A LA VSMCs 3B I &R 55401 A1 I 11
YERT, T 24— REVAIM N5 5@ R B0, 51
ECs 458 b A T- S D e sk A Y . AR, 28
PIRE 17 VSMCs L [FIFEF T, ECs SFH I B 1L
B354 WL h A+ iE 2

AN ECs 5 VSMCs Bk & 35 5% 1747 -
W RGE  BAAER ECs 55 VSMCs [Hl# A TE
IR E , A5 H A% I X% ECs Wi iy i ) 4, WEZ
IR J1 A1 VSMCs Xt ECs 38 58 50 B ) 220k Bz HAH G
55 E B, A IRDT L B R ) 2k W2 e L 4R
b BE SRR

1 #8#7E

1.1 mENEABRNTRNAMETRREE
BN AL IE R AR B 7% K UM 3 3h ik ECs™™

TCRE 44T HL 200 ~ 250 g HEPE SD K BB 32 30 Bk
KM T I I, ECs T M FH7ERA [ 2KR
% ( Worthington /5] ,0. 2% ) 20 e 55 3= M. 7Y, 37°C
HACIFRIRATIFTEE SR L 30 min J5, A ECs ¥ 572
[20% a4 3K ( Giboco 24 F) ) MR AT R 40 MU A=
HF (aFGF, Sigma /27 ) , J & (heparin, Sigma 7
H]) ,HEPES(Sigma 22 #] ) , iy i W 0 ( Sigma A H]) ,
HHEBER(BBIAH) | & 1kHA, 2L 1100 r/min [
L 10 min, ] ECs B3R %Y 3 mL HE41M,
¥ mm TH RS FRIL, P& T 37C,5% CO, ¥
FFET N 24 b, FRAI MG RE S H . DU PR R W
1R, Lh2 ~4 L ECs B TASLS., AH vWF(von
Willebrand Factor) #fif4<(1 : 200, Sigma /A7) ) X} ECs
B vWE 1T Sy gL K 0€ , IS 6 95%
Ph bR TS

PIHE Y37 SR AR N W JE S
VSMCs""! 2 R4k ECs B9k BB 3= shlik /0 8
B, RBRAMESS , B 5 Y1 1 mm® &, A
HEE VSMCs 3 5 W [ 10% /N4 13 ( Giboco 4y
A, BHER (BBLAF) ], HHRRGSEMH =
BFEES A VSMCs 8535, B/ A B —1a
B EET37C,5% CO, BTN, f56 hj5, B
BRI, SR MBI H A, dh e B
Fto KRY3 ~6 d 5T WA NALRPEL, L4
~7 R VSMCs I TA KL . P «-L31E B Pk
(1: 200,Sigma 23 5] ) Xf VSMCs 34T 558 4 Il 4k 27
%5, AL 95% L EEHTELR
1.2 g4

A sty 5 A

(1) ECs B IEH55R(EC/0) (WA 1 A) 4%
2 x10° 4~ ECs Fp#l TEA & B - 2 M (PET) Ji%
HIFMIGT ,6 h 540 UG EESE 4, BRI RIS
HEHE 6 LI, A ECs FEFRIRARSEES 57 5

(2) ECs 5 VSMCs [R5 - 4H (EC//
VSMC) (WIE 1B) :#2(1) 75 iEF#E ECs T PET &
SN , [FIEPHE 2 x 10° 4~ VSMCs FhiE T 6 FLI% 37
BN ,6 h 4 Jf Ul BE 58 4 S5 R Bk B SRR B AR
A VSMCs 6 FLEE SRt , dRER3E 3% 5



EREYHE £254 F5H 2010F£10H
318 Journal of Medical Biomechanics, Vol. 25 No. 5, Oct. 2010

(3) ECs 5 VSMCs H¢-& 3% 3 % 1F 4 (EC/
VSMC) ( L 1C) : 3% (1) By )7 ¥5F4H ECs T PET £
SNETE L6 h J5HS IR B A ZS B 6 fLyEsRtH,
A ECs 35359, % 2 x 10° /> VSMCs Fh4E F PET fi
W, BB

(4) ECs Hulis2 J12H (EC/0 + shear stress) ( I,
B 1D) 3% (1) M7 L1 ECs T PET BEAMNETE ,6
h ff5E 4 MG BE IS, B T P47 AR I Bl E R GE it in
15 dyn/em®(1 dyn =10 7° N) IE# 2 IR 17

B

shear stress ECs
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Fig.1 Schematic diagram of experiment group and parallel-plate coculture flow chamber model
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Fig.2 Normal shear stress repressed phosphorylation of Akt and

expression of PCNA in ECs
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Fig.3 VSMCs induced phosphorylation of Akt and expression of
PCNA in ECs while NSS reversed these effects
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Fig.4 VSMCs induced phosphorylation of Akt and expression of
PCNA in ECs
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Fig.5 Neutralized antibody of TGFp1 repressed the phosphoryla-
tion of Akt and expression of PCNA in ECs which were induced by
VSMCs
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