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Effect of Vascular Injury on the Prolif-
eration of Cultured Smooth Muscle Cells
Is Involved in Calcium Homeostasis
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ABSTRACT
(VSMC )cultured from the rat aorta at 3 and 10 days

Vascular smooth muscle cells

after balloon denudation. Results showed that activity
of VSMC proliferation increased significantly, synthe-
sis of DNA and protein accelerated,and cell count in-
creased. During VSMC proliferation, calcium influx
increased, calcium content elevated. 10 gmol *+ L™ Ver-
apamil inhibited not only the changes of calcium home-
ostasis, but also vascular injury induced SMC prolifer-
ation. These findings indicated that vascular injury in-
duced VSMC proliferation. Disturbances of calcium
homeostassis might be one of cellular mechanisms of
vascular injury induced VSMC proliferation.

KEY WORDS Vascular injury; Vascular smooth

muscle cell proliferation; Calcium homeostasis

kS ARBRAMKLHBEALGAH LT, TR
E3RPIOARRELEHFRM PR, RAR
R AEFTRGELTFEMMmpth G 2 E ™,
DNA R ZEafiehmt i 0ig 5, battR
Mo 2t AT, BHAEP, BABLEAS., &
A 10 pmol « L' B & RA2 s 458 4 T ALA — K 6 4
HER, HALEH L FRE XSG ERMmp i A
FRER., SLEEERFLERHGTH LT TN
BB BASXETRER T RHRS LT FEMN

B#HE  ##h
d£F  100083)

R K F

mptthtimpe iz —,
XBE  e2T4HY FAmmpid, HS43%

B Gruentzig™F 1977 FHERFRAIBLE
7 5 R 31 Bk B N BB R (percutaneous translu-
minal coronary angioplasty, PTCA)&JT i Ik
BRI HERE AL BT B B E R LR BB S
EHATWEK. FH PTCA HAR KRBt
73, PTCA BRI ET X 90%~95%, R
MESMAE 25%~35% M BHEERNH PT-
CAR3I~6 MHAREATRY KB ER
% (restenosis) ', H B HHR AR R EVLH %
REZAT  ERERABAEHME, B, B®
EFEMBHT PTCA 9 M, BRAF
MRBRAEE,

KENEENYHRERERY, 0T T
L4 B8 (vascular smooth muscle cells, VSMC)
W R AR B ORISR LR R R
MHERRELRD, ALRRAMRITHRY
AR, AAR KT BRI ERG X VSMC #$H
W R HALE, LE A ERENREN
HARBEZBAKIE .
1 MENAE
1.1 KEBEREANREFHERN

% H 270~350 g 2 ¢ Wistar K {L. MM 54 #K
HPBRFAAGIEMA AR AH 0. 6% KELZHEG
ml e kg, KEESDORBEH . 2B HERLEHK, £
WHEANEHYFRESFEEREH B EA 0.1 ml
ERB AT KRR REME 3K AMHES KA
EiBFERAAHYRTHEANRESFH L2 BERR
.
1.2 MEFRNMDEILIE
BRAKHME IR I0RRABNERFARALL
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RE# KWK L mm® A/ 3 Ross 514 37C 5%
CO. B i &+, B & 15%/ 4 fu % 8 MEM 5 5% 5 €
Bk, TRAEIRAA.

1.3 ‘H-TdR #°H-RHEEA®

HAEAS 0.5% A4 fu ik 67 MEM B R A5k 10°
VSMC 24 h, € SMC R St ¥ FEF Go ¥ . & B i fm
AN ISY% /A4 diik ey MEM B % B, F 6 2 5w A 1.85
X10*Bq H-TdR % 1.85X10°Bq H-E &M% 24 h
J& + i i Al Millipore i % €0. 45 pm #CALE ) B 2 &
BoEAHERE.

B 5X10' VSMC E F 0. 5% /b 4 fu % 9 MEM
RAF,EHK 240 ESMCRASLHERET Go A5
HgwmA 15% A4 ey MEM SR BEH 24 ho A
oo g LT SRR AT SR 4E T 5 A At K Dou-
bling time (f& ¥ Bt 7)) ;

Doubling time(h)iﬁgﬂgﬁ‘%

APt hetid; N hwmpx,
1.4 ARSSEINE

B 10" VSMC F 110 C# F, % # 1. 5 F Perkin-
Elmer 703 H#E FR U2 LA LR E SR ELE.
1.5 4BRIMSAG

% Miasiro £V'8y 5 & 9 VSMC 8 i % . H PSS
AR 3 A REH 10°VSMC B T PSS #,37 C#H
F 15 min, p A\ 3. 7X10°Bq ** Ca,37 CH#H 5 min, A
% Ca®* 2 mmol EGTA-PSS (4 C)# # 2 K, # tCa
PR A AR 35 ] JG R 4 A A R T

PSS K # % (pH 7. 4, mmol « L*); NaCl 140,
KCl 5, CaCl; 1.5, MgCl; 1, Glucose 10, Hepes 10,

Table {.

% Ca**-2 mmol EGTA-PSS: A 2 mmol EGTA X
# PSS & #7 1. 5 mmol CaCl;,
1.6 FHitFLIR
FHEKENUNE L FRALEGEDRR.HHZ
MEA: AR,

2 #R
2.1 MEBRGHEFEBIERMELT T
MEFRGE 3 RNARBRREWRER 2~
3RME SMC ¥ H(30%),5] 7 R JLFLH
HARRH DK S SMC, AMi4 TSRS
(confluence), IRfH/G 10 KA IME H A FELR NG
BIESENERKRESEREE 3 XEM., 3t
BAMEARRREGEERF4LRXAHA
SMC & H; (10%),7 REFYH 70% AY2H B
K SMC, % 10~12 RETAMA TE KRS
RESHTIR M H-REABRBALRE R,
fii¢H SMC DNA &M EBKR & R Bk F
xR 4H . {5 3 KA SMC H-TdR fI*H- R & B
BASSI R EAN 3£ P<0.01)f 1.9 &
(P<<0.01, Table 1); L& HRHF)/E 3 XA 10 K
# SMC i ¥A*H-TAR BA BN T 26%
1 40. 7% GHEO X 200% %1 246% (¢ H-TdR
# A),SMC Hy {1 i ] (doubling time) 43 H
HAF BB R T 43. 6% 0 38. 7% (PP<<0. 01,
Table 1),

Influene of vascular injury in on cultured SMC proliferation (z=+s).

control group

experimental group

3 days 10 days 3 days 10 day
cell count (X 10%) 3.1+ 0.7(6) 2.7 £ 0.2(8) 3.9 £ 0.5(6)» 3.8 & 0.2(8)»®
doubling time (h) 39.7 £ 5. 148 38.7 £ 6. 1(8) 27.6 + 5.4(6)* 27.9 £ 2.2(8)®

3H-TdR (cpm) 845.6 £ 84.7(6)

3H-leucine (cpm) 1198.2 4+ 237.4(6)

853.3 £ 96.5(6)

2536.9 4 303.7(6)% 2953.0 & 443.8(6)°®

2 225.5 + 332.9(6)®

a: P<<0,05, §: P<0.01 compared with control group.

2.2 MERGIIETRUMIREELHH
|i5/E 3 XH1 10 XAy VSMC #9454 3 14

ZHRXETEAR, SHBAHL. SRS

BIINT 25.5% 1 23. 7% (P<0.01); 458

SR INT 43. 2% 44. 4% (P < 0. 05,
Table 2); % 10 pmol « L' R E AT H B
AIEFRWHE VSMC B F 15 min, RGH 5
min WERR . ERRARFEHER KA SMC
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BERRBEMT 35% (P<<0.05);10 pmol « L&
eSS SMC Bl ®E 24 h, G524 #BA SMC
EmaREBET 21.3% (P<0.01, Figure), 10

Table 2.
(nmol Ca®* /10 cells, r+s).

pmol « L" R E AT {FH A VSMC * H
TdR fI'H-RERB AR 43%H 58% (P<
0.01, Figure).

Changes of * Ca-influx and Ca’** content cultured VSMC after balloon denudation

45 Ca-influx (5 min)

Ca®* content

Group odl
ays

10 days

3 days 10 days

conirol 3.28310. 3¢6)

experimental 4.12040. 7¢6)"

3.30810.3(9)

4.09140.6(9)*

695. 0182. 1(6) 709.31+77. 2¢6)

995. 010. 1(6)* 1 021. 6+230. 0(6)*

a: P<0.05, by P<0.01 compared with control group.

35

~
o

5]
—

+/10"¢cclls

x 10 cpm

nmol Ca
i
E-

-~

Figure. Influence of Verapamil on ‘Ca-influx Ca**

content, *H-TdR and *H-leucine incorporation in cul-
tured VSMC from the rat aorta 3 days after balloon
denudation. Treated: denuded + 10 pmol ¢ L' Verapamil,
Ca?t content= X 10 nmol Ca?* « cells; a; P<0.05; b, P<<
0.01; ¢:P<<0.001; denuded vs control,treated vs denuded.

3 ¥hig

RIS SRR A A A MK T EIR TR R
WA+ A EENEN., BREF
KAMMERFAREGS B ET VSMC )
WE S AEMEESEMRF.BEREXTRAM
R 3% 35 35 AR BF R LB 5145 Xt SMC 3 7 & ma
BICERIE B . AL RAKEREN LR
B RERY , BT ki 32 VSMC, T2 SMC BB
L3It MM ATEENUR ., 2R%RW, 08
FER IR )5 . 3 SMC 38 15 ¥ B E3 i, DNA

SR MR, AR RIS, AR ENE.
REFLERXR. & EFIVHEELERE
By 25 B4 — ™. 1984 4 Grunwald ] Hun-
denschild™ 3% 3% 76 & 32 fi /Y i B SMC B & 31,
VSMC # % 3 RN R RFFE &K AN M IRER
. 1986 45 Walker %07 SR 2 Py Bz IR 5 1
AR INE AR SMC R, B 2 R
VSMC "l =4 E T BA s FMM/MMRE K
EFHEYR. XEER—TERREKRIERG
AT REFEANGIERE, RBEEH
k45 B, A T R A A BSE SR B A R ILE HL
WHEBRGSH SMC HMARMVLHEEME T T
% B—E XA BKKF L3 E—uE s, ME
R &K SMC & FHAFEIRS.

ERAMRAB_GEHE, BREARMAY
XBHES., ARASBEREA SR SMC HH
HEXAE. AR 2A LEREE
VSMC R g m, 5 X8 FAE;10 pmol « L
REEAEXMNIEEAET—EHMEER, T
HAXMEBREESH SMC AR — MM
MER BRBRERGAVHEELERGES
VSMC MAMAMRFNH 2 —. BB RER
BT PTCA EEEEVREA —EMHEK
B 5 R F {8, (B 1532 — 20 1R

EXZ W
1 Gruentzig AR, Myler RK, Hanna EH, et al. Coronary

transluminal angioplasty (abstract). Circulation, 1977, 84

(Suppl T);: 155~ 156.



o = Bh Bk 88 {k ¢ = (Chinese ] Arterioscl), 1995, 3(3)

=215~

Klein LW, Rosenblum ]J.  Restenosis after successfull
percutaneous transluminal coronary angioplasty.
Cardiovas Des,1990,32; 365~ 382.

Ip SH, Fuster V, Badimon FL, et al.

Prog

Syndromes of ac-
celerated atherosclerosis: Role of vascular injury and
smooth muscle cell proliferation. J Am Coll Cardiol.
1990, 15: 1 667.

Clowes AW, Shwartz SM.
smooth muscle migration in the injured rat carotid artery.
Circ Res, 1985, 56: 139.

Ross R. The smooth muscle cell T growth of smooth mus-
J Cell Biol,

Significance of guiescent

cle in culture and formation of elastic fibers.
1971, §0: 172.
Roe MW, Hepler HR, Harden K, et al.

growth factor and angiotensin cause increases in cytosolic

Platelet-derived

free calcium by different mechanisms in vascular smooth

7 Miasiroc N, Ymanoto H, Kanaide H, et al.

9 Walker LN, Bowen-Pope DF. Ross R, et al.

muscle cells. J Cell Physiol, 1989, 139: 100.

Dose
endothelin mobilize calcium from intracellular store site
in rat aortic vascular smooth muscle cells in primary cul-

ture? Biochem Biophys Res Commun, 1988, 156: 312.

8 Grunwald J,Haudenschild CC. Intimal injury in wive acti-

vates vascular smooth muscle cell migration and explant
outgrowth in vitro.  Arteriosclerosis, 1984, 4: 183~188.
Production
of platelet-derived growth factor-like molecules by cul-
tured arterial smooth muscle cells accompanies prolifera-
tion after arterial injury.  Proc Nat! Acad Sci USA,
1986, 83: 7 311~15.
10 Metcalfe TC, Meore JP, Smith CA, et al.
cell proliferation. Br Med Bull, 1986, 42: 405.

(F 3T 1995-03-20 B P . 1995-08-26 #EHED)

Calcium and





