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[ ABSTRACT] Aim To study the change of cellular growth factor receptor and its effect on the proliferation and migration of

vascular smooth muscle cells (VSMC) under electrical field. Methods An electrophoresis apparatus was designed for apply-

ing the direct current electric fields to the cultured VSMC, which got from the aorta of rat.  Interval photographs were used to an-
alyse the direction and distance of VSMC migration. The cellular growth factors such as platelet derived growth factor receptor
(PDGFR), angiotensin @ type 1 receptor (AT1R) and its type 2 receptor (AT2R) were studied by immunohistochemistry or im-
munofluorescence to show the mechanism relation to the migration of VSMC. Results The longer time of exposure to the 150

V/m electric field, the more electrotaxis the cells showed, that is, the distance of cellular migration increased obviously with the

time of exposure to the electric field compared with control group.
FR were increased obviously and distributed asymmetricly on the membrane of VSMC.

The AT1R were also enhanced in the cells after exposure to the electric

cathodal side of cellular membrane in electric field.

field, and the expression of AT2R had showed the changeless.

the rat VSMC can change the growth characteristic and increase the directly migration of VSMC.

Under the direct current electric field, the expression of PDG-

This receptor were mainly focused on the

Conclusion Our study indicates that electric fields applied to

These effects maybe relate to

the up-regulated expression and re distribution of some cellular growth factors such as PDGFR, ATIR and AT2R.
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SR BAAGAEAE, ASHIT ST LI I S0 B T T O
3, B AR L JR 36 VSMC o 5 3R THT ifiL /> B I A
KA 7 52 44 (platelet derived growth factor receptor ,
PDGFR) . Ifil & % 5k 3 &) angiotensin Ang ®) 1 #!
AR (Ang @type 1 receptor, AT1R) I 2 7 57 /& ( Ang
©type 2 receptor , AT2R) 55 52 44 [1) 1522 1k Jo HxT
2 TR A AT RS B RE M o

1 MR5REE

1.1 MEFEAMELES

KA 6~ 8 A Wistar A B, B4 T4, w2
R, AEBETRE T, 3% % A EF W%
EFHRVIMC, 2 41 aSM-actin & H AL F L E,
%3~ 5REARVMC A TF2BHHT.
1.2 HIALENE

Bt EfE Rl T 5 5 A M B 37 ( electric
fields, EF) % 4 ¥ B A& M4 AN/ E R
HMEFRE ERAE ERERE(E ). AHEEHR
EW PRI NN NE, FEE R M E W
NENBRTHAEENEMNE., GHREFREM
EWRRRATE Sk, BERG v e
JE 0.1~ 200V, 3 i #9% 0. 01~ 10 mA, % & 7] i B
FL R R R AR B LR

1. Bt /NERERE a RANMIETRE, b M NE;
o HUIND; d ERHE M e AR £ g M.

1.3 BpTFmmEF g siE

K RIEFRIVMC /T E% L, 37 C5%
CO, M AT FIEF 12~ 24 h, £ 20 jf1 8 2 W EE
EK, MNERERES, FoEHEmEYy T, &%
il s = Y e R U
1.4 MEFENHEBES THHMEILR

 Fl SPOT INSIGHT F & ¥ A R 4%, & B0
F VSMC FE &, % 40 fe B G #H AT & BB BER K
ZHRAEBUUR AR B %, 4 E. %
REBHRSE wF, UNE T Hmmt®r
W EE EEREANEAL,

1.4 1 THT&E>H * F Gruler #2 Nucei-

tellil FME @ IHBW T E. SN NEHREERT
TR B 7 1 A X BB B cosined, 40 BRI B3 77
M AT A cosined= 1, 1 E M T 4 cosined
=-1, EEIBRAEHE N cosindd= 0, # L T A=K
& cosined= Zicosd/ n ( AFONHEHES TR E
B AR A, N EAN G, n REIRE) .
1.4.2 EAREWNTE KALwyETINE
B THOoh R IHWENER, HTETHIHE
# JZ (Hm/h) .
1.4.3 EA5EHNZ % F& Sarkar % H 3T HY 77
EO MBI TRE VIMC T EBH R L. =
ESBREERWVIMC TH A EKEE, £RHE
W T R LW E T 3 R B VIMC AT B IR,
FHEERR, ARE A EEYEL 24 h DX
£4 2 L — ok, M E B 1R R B ST # B VSMC
ZEEALENER, LT HERITH VIMC THEE
EAEBIRES. FANZI6NMNEH FWER
THEE, BFHE,
1.4.4 /& -F %Al ia s T A Ji &
K 87 Kolega 77 & 2 AT .37 T T T VSMC AR R £ H
BUEI, TN ERESNEE. TEFEREBHA
MR RREN N —NRE —HMH R, L
MR G TTENAKRIES, BEAKIE+ 1,
R ERIE-1, BF AT 0.
1.5 MEFEMMIRENEZKE OFHFRIX
B4

PL 150 V/m H. 3% 58, #% 5 min. 10 min. 30 min
B 1h3h.6h 2416 F T VSMC, A % & 4 %
EA M ATIR B E R 34 F Bt B E B M 5% (Leica
TCSNT &, £ &) 77 =% 0 AT2R k&, TEFEE
£ AL F2H 20 i 58 1 PBS ¥ ¥E 3 9K, fm TRITC %% KX AR
LR T (1 mg/L, Sigma 2\ &) F1 4% % F F B,
AW 3T C M IEE 3h, i E KA, PBS Wik e
Fl 50% H o/ Re 4 B R A, A b £ R EEME
(% 568 nm. & T2 100 Hm) 471 AT2R B3 # &
ik Fl ¥ # XK A B4 KN (RT-PCR) 77 % &
ATIR.AT2R mRNA % iA: Jf] TriPure 14 7| & ( Boehring-
er Mannheim /2 5]) 3 B &40 40 1 % RNA, B 10 Ug %
RNA #47# % X (GIBCO KA &), HHR 1 ML & # %
F=471 B PCR 43 4 ( % [E], PE9600) 3t 1T PCR ¥ 3,
PCR #8454 94 CH I~ 60°CiE K~ 72 CH f#,
30 MEF . ATIR 51475 7| #: IE X 5°-TTC CAC
CCG ATC ACC GAT CA-3’ f1 & X 57-CGG TGG ATG
ACA GCT GGC AA-3", ¥ 38 /B & 392 bp; AT2R HY
Bl 917 5| A: IE X 5 -TGA GTC CGC ATT TAA CTG C-
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3’ f1 & X 5’-ACC ACT GAG CAT ATT TCT CGG G-37,
¥ B A 536 bpo DA = BEER H B i AU B ( glycer
aldehyde phosphate dehydrogenase, GAPDH) PCR 1E % K
ST A BKEH 461 bp) ",
1.6 IM/MRREKEFZHEFRIEAED
£ B E R R TS,
DLt £ R E L MEAN PDCGFR kAT, LT #
PDGFR %X Xt 58X %. TEF R
AT2R #:3.
1.7 BEGT
BEFRHNER « £s Rk, HANZRHLRR
Flt#%, P<0.05 HZRHEREM.

2 B R

2.1 I MEFFIMEEYZEIT AN
2.1.1 st PR A im fL AL 5 e B Bk 1t
EH 10% fR4- % (FBS) fR; 9735 1, BL 100~ 250
V/m HI7/E R, VSMC & B F 2 cosined % 76 ML 75
BBt ( DMEM) #2 &1, 40 HE % SR B & A Xt
R, A E R (P< 0.01) » VSMC 7EH371/E T,
TV F RO AL T 1] S b IE AR BT BT, 41
B ORI RS, 5 EATEIRE TG . 2 B f A
Y1 M 13 ANk 3 AN LA R4 B ) 7R R Y
A FRIERE (R 1) .

* 1. FAEEEBESERTNE LRI EMIRFENEKL

(x Es5)

FHL 7 B E DMEM DMEM+ 10% FBS

(V/m) Bl ek cosinel) Bl ks cosined)
0 81 0.09 0. 11 87 0. 06 £0. 12
50 47 0.05%0. 12 74 0. 13 £0. 06
100 64 -0.03%10.08 78 0. 55 £0. 08
150 73 0. 06 0. 09 2 0. 80 0. 23
200 69 0. 04 £0. 10 85 0. 68 0. 09
250 66 0.13%0.07 81 0.73 0. 12

aA P<0.01, 5 DMEM 41t %: by P< 0.01, 5 DMEM+ 10% FBS
ZH 0 V/m L3R .

2.1.2 e PRI A 3T A R B 6 R 2
HEh0 37 U B, G I3 1% 7% 2, veMC BE AL IE
%, 70 B B W RFAE, JEAS R E 22 (1. 43 0. 22
Um/h) o« ERFFREEF NN 10% FBS J&, VSMC i £ #
JE(4. 32 0. 42 Wm/h) BE MR P< 0.01), 75 JC
T W) . b0 H I 1E B S, TG I B 7R A
VSMC iITBEE LR E . f£5A 10%FBS £ 3%

B VSMC TR B BNk, g i AT R, 2
B8 AT AR . 1Tl AR — e Va2 R AR
M, e mEAT RSB RE. e
VSMC i % 3 FE 1 e F% B 2 O 150 V/m( ] 2) o

16 I DMEM

] DMEM+10%FBS Ll
& 2t | ‘

e 4 | {
oL | . N H = N
( 50 100 150 5

8 15458 fF /i

2. HIZER TIME FRAlMmEEREENT K a A
P< 0.01, 5 DMEM 4L H%:; b A P< 0.01, 5 0 V/m DMEM+ 10% FBS
L ¢ 9 P< 0.01, 5 100 V/m DMEM+ 10% FBS 26 LL 45 .

2.1.3 StodE-FiHimibiEAL e e Hoh 1E
& 10% FBS £ 373, 150 V/m B35 T FiEE 57 1)
VSMC, 7£ 24 h.48 h.72 h, VSMC [f) 51 Hi 3T # ) PR 55
HEm TR TR EHA(P< 0.05), HEE
& T IEMGER IR ES(P< 0.01, % 2) .

2. 150 V/_m B35 T A [ B 18] 3o [ B <2 58 AL 40 BT #% R
B (x L5, Bm)

g 4 24 h 48 h 72 h
xof I 20 183.86147.65  287.64%54.18 352. 6 +57. 82
MR 238.49 £52. 78" 341,61 £63. 57"  467. 85 161.36™

] 1E % 144. 56 £49. 35

ay P< 0.05 S5xHBAIELE; b A P< 0.01, 5HIEHHE.

213.67 £53.32*  257.52%49. 11*

2.1.4 St PR WU m BTG 2 64 RS o EIA
10%FBS 15575 h, K2 g T4 RA 2 F
ZREIRRCIR Z2E, K/INASIE), 70 200 i JE L B L 20 A o
XRG4, A B Rt R A, R
AEBUREEARIER, BT R AL . 75
AERZ (2100 V/m) J5, 354 240 B 57 B B R 5% e 7E
VSMC JE ) AR T 28 A A R, R ROARCIR 286 1] 47
AR A Jie, AR 45 B8 B K, T IE AR T LA R 41 i Sk
W4 . M E VSMC ARCHR S AT 40 i J& [ 28 H 1 7
] 52 B — i R AR, R BUAR IR S AT 40 A7 17 35 1)
XA EREREM(P<0.05) .

2.2 HEFHFNMEFFNMEBMESKE OFKE
EHIR 0

2.2.1 wFRKE ORR G oE-TFFIME
A% 09 % v AE A 7 DMEM F1 45 10% FBS 7 3%
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I F WK Ang @) 150 V/m H17 T 7 6 ho
SERRBL: 7E 150 V/m HI7T T F, DMEM #5375
W, Ang O IR 4L VSMC 3B/ 0 W BB 5E R KR A, i
BT RZBENLIG. I 10% FBS J&, Ang % WK E
HVSMC 7EFRIE R T 3% R4 € ML #, T 77
57 Ang QHIEAHAZR TR EE(P> 0.05), &R
Ang O} L3175 541 MO 1 58 58 191 0 RS

7£ 150 V/m H37 T F, Ang ©fff VSMC iE# %
BB EIE L, 5 DMEM Xt EAAH L Z R A B EME(P
< 0.01), M HAE— & Ja [ N, VSMC 1T #% 38 FEXF Ang
OB MR BT AR (B 3) o

25 ab

B DMEM
20 [J DMEM+10%FBS |
i 15 .} a 2 & {
b | ‘ |
g 10 | { c
() - l —— o o . 5

"1.0x10 1.0X10

Ang Il JRE (mol /L

3. MEEKE CHBEHTR TLEF S MAEREE
B2 ajy P< 0.01, 5 DMEM 41t%; b P< 0.01, 50
mol/LAng GDMEM+ 10% FBS 41E#; ¢ 3 P< 0.01, 5 0 mol/LAng @
DMEM 41 %5 o

222 wBHERAnERKE ORERELNF 0

G5 20 B Ak 22 R R I 45 SR R B, 150 V/im FL3%
T 72 h J5, T P4l 5 X BR 4 5% 57 1 20 ffa AH EL,
VSMC I ATIR RIEH BRI 0. PIEOL LR £
I AT2R FRIE, 45 5k BT T4 A5 B8 20 & A B
(B 5 VSMC | AT2R ¥ 2R IE S TLRE. BT
TiJG VSMC [ AT 1R mRNA 3R & B - TR 8] 2E K B
SEHEIN, T AT2R mRNA K3k 0 JE B 5481k (K 4) »
2.3 HIgXmEFFINEBELNEEKETZ
RFRIEBIFZ M0

IEFIRE T, VOMC Bl R 1X PDGFR, Jiti il 150 V/
m TG, HRE BN, JE6E W7 i (A
SERTTIZR B G N, 45 R 5 X A 2 7 A 8 & (&
5) o #E—25rH PDGFR RIEM s XA, IEH
RE T, VSMC 3% PDGFR 7E 4 i J57 A48 B it 35
144, N 150 V/m H35 T i 5, PDGFR 3Rik 1
Jn, #4> 40l PDGFR R ik A X FR AR, FEEEH
T H 37 BB T 400 B P AN AROIR S, X — R
M 7 ) AR A — B .

M
il GAPDH (46 1bp)
ot

AT1R (392bp)

o

AT2R (536bp)

GAPDH (46 1bp)

4. PERBAIEERMENMNEZKE O BZE.2 8
& mRNA BI3R1A M 4T 5 d Maker, 1 AXIR4L, 2~ 6
4359 J9 B 3% 4E ] 10 min+ 30 min. 60 min- 180 min.600 min #1 .

.l GAPDH (461bp)
AT1R (392bp)

AT2R (536bp)

GAPDH (46 1bp)

5. BT REEKETFSREARERNEE
Al ay P< 0.05, b} P< 0.01, 5% 4 LL 4L

3 7ig
EL 37 5 0 40 26 40 24T R B e A7 T IR
faR BB ESEMI ST . ARy H
W T A0 M 52 R IR RS R nT LE — Se f AE K RF2
PRFRIE IR, HE S R R TR A, R ERIUA
Xl 57 A 58 4R T 41 O #8 1A RT 2%, L3 D AR A
N A= AR 3 A T B AR R 4 A A K R T S A
A KR T2 AR R IE, IR A KR T
SZARFN 40 2B K TR 52 4 7 20 R A R )
,RET RIS . XA b 0] §E 5 490 i &
IERS A O, (5 H TS AN BB A8 52 1A TE 40 Mo 5 11 5
FAS X BR 43 A A 28 FE RS BT 20U . 3% IR AT DA
SR R BERIRIE, W fos jun Il omye &, 5T
ILEh R 40 B e R AN B EE T Ay A a4k, HIR R
SMEA KR T ZARRESE, 7T B THENES
W, S E5X - ENETER RG22 R
EHEOBEGE SEE. 2 —E (55 5T ERKY
ERK12 FIE /0 fii . & (G A 15 5@ . X
AL AT B8-S I R A BE R 1 F A 6
AR S 56 3@ Ik 10 B 3 A P 55 7R 1 VSMC Skt
FLHINT VSMC A AT N REmm, 45 R R VeMC
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TEHIZAE T ) H 3 5 W) T AR i 1A A, T 2L %
AL RGN, RN ARSI T T Ang O 4K K
PDGFR fEIX — i PR 384k, &5 R I, £ —E K
PETE R 9, Ang T {225 19 58 L3 (1) {2 VSMC € [l
AR, BI%E A %5 VSMC ATIR Fik B, #5
Ang Gl T ATIR A FEHE I E T 1 VSMC iIT% .
HLI7% AT2R & A R &0, 1] gE 5 VSMC £ 187
&L N AT2R Rk Dk A KiEH X' . PDGFR
122465 ATIR 2240 KA, 71X — ik 72 32 L 4
FAZRIE B LR, A8 275 3%~ PDGFR 7&
4y VSMC R TH 2 0 B A AR A, EEERT
L3 7B T A B R A ARCIR k2 | B ix e fr b
AT R PR — B . AW K I Ang
@HEZS S5 ¥ VMC T8 7 W B e dE, E
Ang O 1] LB 5 PDGF 1 PDGFR 1)KL %
M) VSMC & [ 7% i f5 it — 20 7

TEHIAHTER T VSMC 5% th A il 5 H 4 i T &
AR, R 20 HRARCIR S AR 3 I, FE 5 Ha 37 7 [ fe
J& o FRIN N YH I ] HLIg 57 AR 7 A E ) b 2 AR S
YRR AL, 1X — 4k 5 4 e [ e R 2 — 2,
T AR B /E R R R E M A% 2 SE A L 3
ST, B —J7 T, VSMC 7 B /E T E T
BT R AP G, £ LG R TR E P
VSMC A 52 i k4 L #%, iIX ] e 5 HAE
TIMER R AERKZREAE KA R, LR R
7N, TEHIZER T VSMC & RIER 2 5 4 4 KA
K —Fp EBNAT N, A2 E I ER B —Fhik
BNkEN .

AR S 56 2 FAR R, W A0 EL I T IE L
FHL 37 5 P55 % 5 ), T R R TS A B R AR A AT O, A
SE [N A . K I — 1 A S 54 1 i A

i, M RTANGE IR BOIE 5 . TRVRE G SR e ] 37,
JUIE] BE AL 1) P JBE T SRS 1Y) VEMC 3T A% 32 24 B
FER . IXLEAE RPRAA R T I 5105 5 AR 1R
Ao (B HIZRE R SRS AT R S e A ) e
T R ATt 03 B K L3 A it — 2B BT AT
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