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Abstract
Background: The proliferation of vascular smooth muscle cells (VSMCs) is a hallmark of atheroscelrosis and
post-angioplasty restenosis. We previously showed that alpha-lipoic acid (ALA) inhibited neointimal
hyperplasia and has potential anti-atherosclerosis effect in rat carotid artery balloon injured model. Here, we
investigated whether alpha-lipoic acid inhibited proliferation of cells and induced apoptosis in rat vascular
smooth muscle cells.

Methods: VSMCs were treated with ALA under each condition, harvested and protein was extracted. Same
amount of protein was loaded into SDS-PAGE and western blot analysis was performed with various cell
cycle regulation protein. To examine ALA induce apoptosis in VSMCs, FACS and DNA fragmentation assay
were performed. Antioxidant effect of ALA was determined by DCF-DA staining.

Results: ALA induced VSMCs cell cycle arrest and induced p21, p27 and p53 proteins. Also ALA induced
PTEN expression and AMPK phosphorylation. Increased AMPK phosphorylation reduced Erk-2
phosphorylation and finally arrested cell cycle promotion. The apoptotic effect was also shown by ALA
treatment. Also we confirmed that ALA reduced ROS generation in VSMCs.

Conclusion: The present data suggest that ALA has anti-proliferative effect and arrests cell proliferation.
Therefore, ALA may provide new strategies for the prevention of neointimal hyperplasia after angioplasty.
(J Kor Diabetes Assoc 31:200~207, 2007)
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1. XE

A"l B0l A8 YX8HAlI= 3 Cyclin D, B, A, E,
Cdk2+= Santa Cruz Biotechnology (CA)ollA {is}sie
™, PCNA2} p21 3kx= BD bioscience (CA)°lA, p27,
p53, PTEN, pAMPK, c-fos, c-jun, c-myc, pErk, Erk2, &
9] A= Cell Signalling Technology (MA)ollA F-4)3lo]
AHgstaiet. Aol A8 du}-2] £ Viatris GmbH &
Co. KG (Frankfurt, Germany) 2F€] 7]&Ho} A-g3}9ic)

2. MIZ HHQF

i o] FF-TA|E= Sprague-Dawley #34](280~320
29 FFoEelA Balstod® 20% fetal bovine serum
(FBS; Hyclone, Logan, UT)-2 3¢+ Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Grand Island, NY)ollA]
wekatoiel. dRHGTAES] SoH2 gactin HUSE
HAl(Sigma, St Louis, Missouri)@ <3Aste] 2els}eict.
B Aol = 5~63] Ao|Z Al wiket EPPTAES
ARgsde). e SR RAEE 100 mm 2=l
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(50 ng/mL)$} insulin (1 pM)E A2lslar &= PDGF,
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BD bioscience, San Jose, CA)Z DNA £33 A& 1S
A3 GoFZE Felo] AEAES R, 74 AES
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Fig. 1. Effect of inhibiting cell proliferation on ALA treatment. Cells were treated with PDGF and insulin with or
without 2 mM ALA for 24 h. Then cells were fixed, permeabilized and stained with propidium iodide. The percentage

of hypodiploid cells was calculated based on a total of 10,000 cells analyzed per sample.
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Fig. 2. Effects of expression of cell cycle regulate molecules on ALA treatment. Cells were seed in 60 mm dish and
incubated with 2 mM of ALA for indicated time. Total protein was extracted and western blot analysis was performed
with 20 pg of protein using cyclins (A), p21, p27 and p53 (B) antibodies.
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Fig. 3. Effects of expression of PTEN, pAMPK and signaling pathway molecule expression on ALA treatment. Cells
were seed in 60 mm dish and incubated with 2 mM of ALA for indicated time. Total protein was extracted and western
blot analysis was performed with 20 xg of protein using PTEN, pAMPK (A) and c-fos, c-jun, c-myc, p-erk and Erk2
antibodies (B).
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Fig. 4. Apoptosis of vascular smooth muscle cells (VSMCs) after treatment with alpha-lipoic acid (ALA). A. Cells were
treated with 2 mM ALA for 24 and 48 h and then fixed, permeabilized and stained with propidium iodide. The
percentage of hypodiploid cells was calculated based on a total of 10,000 cells analyzed per sample. B. Cells were
treated with 2 mM ALA for 24, 48 and 72 h. Cells were harvested and chromosmal DNA was extracted. DNA ladders
reflecting the presence of DNA fragments were viewed on ethidium-bromide-stained gel.
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Fig. 5. Effect of ALA on ROS production in response to H202. A. VSMCs were treated with ALA with or without H>O;
for 1 h. Then cells were processed for fluorescence microscopic examination using the oxidant-sensitive probes
2°,7’-dichlorofluorescein diacetate. VSMCs were randomly chosen and fluorescence was quantified using the NIH Image
program. The magnification was x 100. B. Data are expressed as mean * SEM of three separate measurements.
Statistical significance was determined as * P, ¥ P < 0.001 compared with basal condition and ¥ P < 0.001 compared
with H,0..
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