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LA RT-PCR J5iER I ATIR. MoK E M2 Ry
ZA(AT2R) mRNA XiA: H TriPure ikl &
(Boehringer Mannheim 2 7] ) 3 HU 25 41 41 Y 1 RNA,
HY 10 pug & RNA AT 5 5% (Gibeo iR &), HHL
1 pl R F=H3E(T PCR ¥ 1. ATIR 5190751 A
4 X 5-TTC CAC CCG ATC ACC GAT CA-3' filJz X
5'-CGG TGG ATG ACA GCT GGC AA-3'§ # H Bt
392 bp: AT2R M51#F%1Ah: X 5'-TGA GTC
CGC ATT TAA CTG C-3' filJz X 5'-ACC ACT GAG
CAT ATT TCT CGG G-3', ¥4 Bt 4 536 bp. LA
= RERR H S i S B (GAPDH) [ PCRAE A N S (T
B F B E A 461 bp)U7Hl,
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% 1gG ZOGARC(FITO) fifk, @& m 37 C. #
BH 3 h, BN, PBSiHEVERH 50% H i/
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EFs T-fiif5 72/ VSMCs, %t VSMCs iZ# &
W BEALL 3 AN A . IS R
5 DL NS 5y 200 L BSOCTR 5 RS 1) 19 AR e e
2.1.1 EFs-F#i*f VSMCs iﬁ?ﬂfﬂéﬁrfy 2 e
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mm EFs 1], VSMCs iZ# ¥ °F- 14 cosine 0 &5,
A0 0T RS W AW TR AS KRR, ) BIOE R (P<0.01)
(E3). VSMCs 1t: EFs fEFH R Inl[HARIERS, 5EA]
BRI G G Al B AR TE 18 R DR A2 B ) 1l
B . PH A (1 |- EFs, 4003 BIARIT S . 4
FSC 400 LRI A 141 (3 Al 3 A A L4 i B A E ) (E
EFs 135 o) I AT #%
2.1.2 EFs T ¥zt VSMCs it #ik & ¢4 %0k HLi7
EH N, VSMCs {1 AN R HE 95 5L v (1K)~ 2201 7 08 5 )
BANE. AE LM R FE R (L EFs), VSMCs Bl
21T A2((1.43£0.22) um/h], ERFFREEF A 10%
FBS, VSMCs I EH#EmE 3~4 15, 155](4.32+
0.42) um/h (P<0.01). Pkt i3 B 22 42 8k 4 ML % .

L5 10%FBS R SR 3EH, XTHiFRH VSMCs
WIANHE NN EFs 171, VSMCs W& 4ABENITR,
T B 3 E A(4.32+0.42) um/h; Wit il EFs T
(150 mV/mm), VSMCs W] & ) 135 B A% 77 1) 1T
¥, 1fn T AL W 2 [(13.84£0.79) um/h, P<

0.011 (P 4). ANHLIT B A 2 M TR [T 2 e
e, R EFssRE 0 IR EITEEE. 25

VSMCs il %% i% )% 11 544 EFs 3% & 150 mV/mm.
2.1.3 EFs -F#ixt VSMCs it 438 & 69 %7 &

091 mDMEM -
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B3 EFS T 6 h 3} VSMCs i # 75 [ /95201
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b, #P<0.01.,
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28
i Z_J—l ﬂ
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E 4 EFs F7 6 h % VSMCs it #:% & B9 5200
5 DMEM #Htb%, "P<0.01; 5 DMEM+10%FBS 410 mV/mm
tbi:, *P<0.01; '5 DMEM+10%FBS 41 100 mV/mm b4, 4 P<
0.01.

#F 1 EFs F#xt VSMCs iT #2826 58 B9 32 0 (ks )
24 h 48 h 72 h
XFHZH  183.86+47.65  287.64154.18  352.6+57.82
9] #% 238.49+£52.78'% 341.61+£63.57"" 467.85x61.36"*
¥ 4K 144.56+49.35  213.67+£53.32'4 257.52149.11°4
W58 =150 mV/mm, HARAEE, "P<0.05: 5]
WAL, *P<0.01; SATHAILE, 4P<0.01.

1 10%FBS K153 5%, 150 mV/mm EFs T-7ik;
) VSMCs, 7£24 h. 48 h. 72 h, VSMCs I
IS A% #1725 WA B2 &5 1 JC EFs - v o) B4l (P<
0.05), VSMCs [n] B#RIT B 1) E 2 5 o T 1n) B AR
MiZ ¥ (P<0.01), WK1,

2.1.4 EFs T s} VSMCs # & 693 h 5
10%FBS Ki7edkr, A e iy i B S R 7 v %¢
EFs X VSMCs BCRFEE MM . &5 0 Was: £
EFs T fil4l, VSMCs HURFE 2 B R, RAAA
¥, 7CA0 MR B AL A, IX SRR 5 A R Lléc
46, WHWEMFEER, AN VSMCs =4 #
R FEMAMIRE, TBT7 I ERPLT. 75 EFs
(150 mV/mm) 1741, VSMCs HIR 5 & #3517
SR E R, IR A BRI L E
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2 EFs T3 VSMCs 775 B9 % 0 (vks)
BiZEE(mV/mm) 0 50 100 150 200 250
HRES (n= R 0.0620.11(37) 0.23£0.17°(36) 0.5240.21°(44) 0.76+0.26%(51) 0.77+0.28%(37) 0.811+0.23%(49)

50 mV/mm AHE, ‘P<0.05, *P<0.01.

%3 EFs F#ixt PDGFR RiARFM(A {E) (ets)

Pl 5 min 10 min 30 min 1h 6h
A 17.77+6.04 19.82+4.78 31.22+7.64° 38.93+8.76* 38.37+7.38* 46.22+9.04*
5 EFs X 4L, "P<0.05, *P<0.01.
M 1 2 3 4 5 6 140
120 #
461 bp GAPDH £ 100 B8
392 bp ATIR ® 80}
g s
536 bp AT2R ® 40
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o L 220 I 2 I = I 2
4 S 10 30 60 180 360

5 HIHERIE VSMCs RiZEATIR (LE). AT2R (TE)
mRNA §9 RT-PCR #2458

M A4 F & Maker, 1 AXHR4A, 2~6 FHANEFERE 10,
30, 60. 180. 600 min 4.

®m, RAENBORERGE—D [ AR E,
KA, T EELI PAAR T 40 M IR SR S s
b, RERMBEECREREN B, ZNTE. U
%E VSMCs BCR SR 7ES A BRI M € & - 18
IR BIRIRBUR SR 43 A (1735 ) B 5 0 FR AL A 22
B#(P<0.01), WFE2.
2.2 EFs T#ixt VSMCs AngllI /£ 89800
2.2.1 Angll{&it & 5t VSMCs it 45 69 % "4k A
#£ DMEM H1-& DMEM+10%FBS 3£ & i AR
F¥RE Angll, 150 mV/mm EFs 776 h, B3 Angll
7 EFs 5% VSMCs B RIEBFHIER. 4RER:
7£150 mV/mm EFs THF, EfFERFFRES,
Angll ZFIREA VSMCs TBLHE S, T8
FERZBENL . A 10% FBS J&, Angll %iKE
1 VSMCs 7ZE EFs fEF TR A mEH, TBH
8] 576 Angll Rt 4 L B 2 7 (P>0.05), R
AnglI %t EFs % 3 41 BT 8 i B ik e 1) 3876 A .
% Angll F) 38 H) %41+ VSMCs 7€ EFs fEF T3t
BEERUSEERLIN: 7£150 mV/mm EFs FHF,
Angll ¥ VSMCs iT B EEFHH Bk, 5 DMEM X}
BAMEER EE(P<0.01), MAE—EHEEA,
VSMCs T & X Ang 11 2 R B K1
222 @it Angll KRR ¥k H ik
90 fa 4k 2 B 5 R0 EFs T P4l e foxd FE 4L 40 AR ATIR
ERE, £RE/R: 150 mV/mm EFs T 72 h,

B 1] (min)

6 EFs Tixt PDGFR RiAR A8 E R E MG
5L EFs 3t B4, "P<0.05, *P<0.01.,

EFs T 14 i 55 %t R 3557 0 40 M AHEL, VSMCs b
ATIR Ri&E B E W NP>0.05).

LSO R AR AT2R Fik, &RERE
YE R a) &5 VSMCs | AT2R Fix L B3k, £ik
BREEERIE.

ATIR. AT2R mRNA #&#llg5 R LA 5, EFs F
/G VSMCs f] AT1R mRNA FiABE T A (8] ZE K 85
E1hn, T AT2R mRNA FisNFEH B3k
2.3 GemAMLEAZEN VSMCs PDGFR %
B RFA

EEFHRAET, VSMCs BiR& PDGFR, N 150
mV/mm EFs TH/5, HFRELHEWHM. £ EFs F
Pl % B A 55, PDGFR RIA7E EFs T S min B}
Hhn, FEAEIZEK PDGFR ¥ k47776, S5 EFs
xf B4 LL A 25 B 3 (P<0.05, P<0.01), 46 h
{5 F X EFs IE #3538 VSMCs(3& 3).

S I R T IER I VSMCs PDGFR Fik 45 R4
BRBEMBILERELER. #— P24 PDGFR R
BRI RETCE A, EERET, VSMCs Ri&
PDGFR 7E 40 U3 f 40 B fiEE E3953 4045, TEMENN 150
mV/mm EFs T#ij5, PDGFR F¥is#4in, #44
PDGFR Rik EAN RS, 7840 A [ BA 4R 16 R )
PRREFHHERNEER. PDGFR 7E VSMCs i
HEH > fifE EFs T-71 30 min 5 {8, Z£6 h EFs T
PN FFEFEE6).
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3 it

EFs 52U 40 /4490 2747 g (¥ 30 53 3 A7 T8
A= RAE LR PR PRCHET 7Bk A IR o A W (3 ST
S, EFs i FAIMLE mIER P AT 4 A K NP i E
B AMCRIEACMMT R 0T 2%, InmBImm), x
YA T RE AT U A i 8 93RS . EFs TG S 4l
WL AEAC IR 122 A KB e, BRI A B RIS S
B, AT DR . X I R R 4 R
W A (MAPK) 1S Sl % 28 5005 54
¥ ERKI122 [ ATHE S S 3B APKAG S
I g A0~

AU L EFs /5 TR 9210 VSMCs, #F5T
EFs {E /)i, VSMCs (A HAT M. 4558
$EAC EFs [AAEH] F, VSMCs i) H3% [ B 42 5 1)
T, i HAT AR B W R, A S 45 Rk R i
VSMCs M (i b FEE A e T B s

U ERT F VSMCs TS 1145 40 i & 1
P, R A AN N 1) FL 3 B AR 7 1) 2 1 b 2 A B fH
REAMBOIR TR, 1K Ak b5 4l o )T F A —3X
(), A WA R v A R R0 1) IE B A2 5 40 ML (1)
BE)EM . Yy -Jri, VSMCs fEHIgM/ER T
S TR AT 1R TR e v O R Ae 4, A0 oI TE B
FeHEh VSMCs A2 fE R A mit#, &Xn]
e b HAT Mt A B p AR K2 IR A AE K o6,
A R IR R VSMCs K E TR A5 4
WA ARG M 84T K, A A HIBER T
— 4 2 )k 8 6

{EAF 58 EFs & VSMCs IER &y s i () [ i, A
KR T T Angll S L2k S W In e Rl LT s
MK FR. AR AN Angll 520 VSMCs TR HE /)
A0 100 o 53 W 256 A5 TR BCRT S g £T  f 5) 24 4 25 1 i
P, X1 E S ATIR S, Angll B

Wit H B ES R SBEER VSMCs iITB4, &
A DA I 40 i A A DR - B HE 2 AR AR5 VSMCs 12
;AT H .

AHF T AN AngIl 71— R 8 Y0 [F] W A2 455 EFs
T-TiH) VSMCs T3 EE, HASZ 040 i/ EFs o
B3 77 A48 . EFs 5% VSMCs ATIR ®i& L
W, TITEIEH 9% VSMCs 8¢ EFs T-1if{] VSMCs
AT2R B BRIE. $#/K Angllifiid ATIR /512
# EFs 5 S/ VSMCs it . AWF71% A &K Angll
HEEZ 5 EFs H VSMCs I8 77 [ il # 1iE s, (2
AnglIl /25 0] DLl ok 8 45 4 fg 4 K I8 °F PDGF I
PDGFR [ IE M) VSMCs 5E 13T i £ i3k — 1

AR 4G RAER, 38 EFs 5718 B ) EFs
SRAE R, ATREVRT AN L A E AT, e
[ra) Bt A A o R S BRAT T 1 45 49 1 A P e )
H EFs H)iX—1EH, WIRTHemsE Iz 5. [RIFE
FE ML o B A I AR A i R, G SRt n S 1)
Mg, JNTREFE A N N IE M VSMCs,
LD B AT, ATk D PR A ) R AR R
Ji& o AE PR 37 X6 75 A AN I AE ) 2 AT R B 5 A
]2 QAT e AR I B FL WA A — 2D IR A
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The Biological Effects of Simulated Electrical Fields on the Appearance
and Migration of Vascular Smooth Muscle Cells in Vitro

Jian-Ping Liu*, Bo Tang, Guo-Xiang He
(Department of Cardiovascular Diseases, Southwest Hospital, The Third Military Medical University, Chongqing 400038, China )

Abstract To study the change of some cellular growth factor receptors and their effect on the morphous
and migration of vascular smooth muscle cells (VSMCs) under electrical field. An electrophoresis apparatus was
designed for applying the direct current electric fields to the cultured VSMCs, which got from the aorta of rat.
Interval photographs were used to analyse the direction and distance of VSMCs migration. The some cellular
growth factors such as platelet derived growth factor receptor (PDGFR), angiotensin II type 1 receptor (AT1R) and
type 2 receptor (AT2R) were studied by immunohistochemistry or immunofluorescence. And then the relationship
between those receptors and VSMCs migration was analyzed, including the mechanism relatton to the migration of
VSMCs. Under the direct current electric field, the expression of PDGFR were increased obviously and distributed
asymmetricly on the membrane of VSMCs. This receptors were mainly focus on the cathode side of cellular
membrane in electric field. The AT1R were also enhanced in the cells after exposure to the electric field, and the
expression of AT2R had showed the changeless. The longer time exposure to the 150 mV/mm electric field, the
more electrotaxis the cells showed, that is the distance of cellular migration increased obviously with the time
comparing with control group. Our study indicates that: electric fields applying to the rat VSMCs can change the
growth characteristic and increase the directly migration of VSMCs. These effects maybe relate to the up-regulated
expression and re-distribution of some cellular growth factor receptors such as PDGFR, AT1R and AT2R.

Key words vascular smooth muscle cells; electrical fields; growth factor; receptor
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