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Effects of Heating on Vascular Smooth Muscle Cells
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Abstract The aim of this study is to provide some basic research data for magnetic stent hyperthermia for restenosis prevention and
treatment after PTCA induced heat of the 316L stainless steel stent with the Alternating Magnetic Field (AMF). The effects of heating on
the proliferation, migration, apoptosis and cell cycle of rabbit vascular smooth muscle cells are also studied. VSMCs were incubated at
43°%C, 47°C or 37°C (control) in temperature—controlled water baths. The cell viability, apoptosis rate, cell cycle rate, cell migration and
expression of PCNA protein were measured by MTT assay, flow cytometry, scratch assay and immunocytochemistry, respectively, after the
therapy. Results show that heating of coronary stent could be induced by the alternating magnetic field. The proliferation of VSMCs was
significantly inhibited by hyperthermia. The cell viability of the 43°C group was (83.23+2.87)%, while that of the 47°C group was only (37.58+
0.78)%. The apoptosis rate of the 47°C group (87.37+2.95)% was significantly higher than that of the control group, while that of the 43°C
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group saw no statistically significant difference compared with that of the control group. The cell cycle was arrested in S phase. After
hyperthermia, the cell migration of the 47°C group was significantly suppressed, but it had no influence on the cells of the 43°C group. The
expression of PCNA was decreased with the temperature of the bath. All above results suggest that the coronary stents can be heated by the
alternating magnetic field. Hyperthermia can depress cell viability and induce VSMCs cell apoptosis. Also it can arrest the cell cycle in' S
phase and suppress the VSMCs cell migration. The expression of PCNA was reduced by hyperthermia, which may serve as the mechanism of
the inhibition of hyperthermia on the proliferation and migration of VSMCs, and the promotion of VSMCs apoptosis.
Keywords thermotherapy; vascular smooth muscle cell; cell proliferation; proliferating cell nuclear antigen; immunocytochemistry
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Fig. 5 Hyperthermia inhibit the expression of PCNA in VSMCs (ICC, DAB)

,Camille ™

50°C
, (80~100°C) o

o

VSMC
VSMC
PTCA
VSMC ,

o

(87.37+2.95)%,

SMC ,

n-
, VSMC,
, VSMC
,47°C ,
43°C R
10min,

3 . <44cC

2010,28(18) 45



] jcmik

eview

Secence ‘ 7«5‘*’(395:
s 44~50C s
9 (
);>50°C )
o [j
VSMC , GO ,
o ,47OC
VSMC  DNA s
S . DNA .
VSMC . VSMC
VSMC
ey , VSMC
o VSMC o
VSMC o
VSMC , o
PCNA s
s DNA
DNA ,
PCNA ,G1 ,S ,G2
M o 9 o
PCNA
o PCNA
,  MTT s VSMC
. Koji 1
o ,43C 2h
4
,  MTT, .
46 2010,28(18)

(Articles)

SMC

(References)

[1] Inoue T, Node K. Molecular basis of restenosis and novel issues of drug—
eluting stents[J]. Circulation Journal, 2009, 73(4): 615-621.

[2] Costa M, Simon D. Molecular basis of restenosis and drug—eluting stents
[J]. Circulation, 2005, 111: 2257-2273.

[3] Lusis A J. Atherosclerosis[J]. Nature, 2000, 407(6801): 233-241.

[4] Libby P. Inflammation in atherosclerosis [J]. Nature, 2002, 420 (6917):
868-874.

[5] Wiskirchen J, Schober W, Schart N, et al. The effect of paclitaxelon the
three phases of restenosis, smooth muscle cell proliferation, migration,
and matrix formation: An in vitro study [J]. Invest Radiol, 2004, 39(9):
565-571.

[6] Liischer T F, Steffel J, Eberli F R, et al. Drug—eluting stent and coronary
thrombosis: Biological mechanisms and clinical implicationdJ]. Circulation,
2007, 115(8): 1051-1058.

[7] Daemen J, Wenaweser P, Tsuchida K, et al. Early and late coronary stent
thrombosis of sirolimus —eluting and paclitaxel —eluting stent in routine
clinical practice: Data from a large two—institutional cohort study[J]. The
Lancet. 2007, 369(9562): 667-678.

[8] Shuchman M. Debating the risks of drug—eluting stents[J]. The New
England Journal of Medicine, 2007, 356(4): 325-328.

(91 . , )

[J]- , 2009, 13(13):
2539-2543.
Wang Rui, Zhao Lingyun, Liu Jiguang, et al. Journal of Clinical
Rehabilitative Tissue Engineering Research, 2009, 13(13): 2539-2543.
[10] Floren M G, Giinther R W, Schmitz -Rode T. Noninvasive inductive
stent heating: Alternative approach to prevent instent restenosis? [J].
Invest Radiol, 2004, 39(5): 264-270.

[11] . ) )
[JI- , 2001, 12(1): 67-72.
Li Chunjiang, Li Yaoping, Liu Jian, et al. Aerospace Medicine, 2001,
12(1): 67-72.

[12] Camille B, Eric D, Faouzi A, et al. Effect of local heating on restenosis
and in-stent neointimal hyperplasia in the atherosclerotic rabbit model:
A dose-ranging study[J]. European Heart Journal, 2008, 29: 402-412.

[13] Li C J, Zheng Y F, Zhao L C. Heating NiTi stent in magnetic fields and
the thermal effect on smooth muscle cells[J]. Key Engineering Materials,
2005, 288-289: 579-582.

[14] Liuzzo G. Atherosclerosis:an inflammatory disease[J]. Rays, 2001, 26(4):
221-230.

[15] Koji O, Sadatoshi B, Shuichi H, et al. Hyperthermia at 43°C for 2h
inhibits the proliferation of vascular smooth muscle cells, but not
endothelial cells[J]. Journal of Molecular and Cellular Cardiology, 2002,
34(9): 1205-1215.

(FaEmsE L)




