Gliclazide Decreases Vascular Smooth Muscle Cell Dysfunction Induced by
Cell-Mediated Oxidized Low-Density Lipoprotein

Jean-Claude Mamputu and Genevieve Renier

Accumulating evidence indicates that oxidative modification of low-density lipoprotein (LDL) plays an important role in
vascular dysfunction associated with diabetes mellitus. The aim of the present study was to investigate the effect of
gliclazide, a second-generation sulfonylurea with free-radical-scavenging activity, on human aortic smooth muscle cell
(HASMC)-mediated LDL oxidation and HASMC dysfunction induced by oxidatively modified LDL. Incubation of HASMCs with
native human LDL (100 pg/mL) in the presence of increasing concentrations of gliclazide (1 to 10 ug/mL) resulted in a
dose-dependent decrease in HASMC-mediated LDL oxidation. Exposure of HASMCs to gliclazide (1 to 10 ug/mL) and native
LDL (100 ng/mL) also led to a dose-dependent decrease in oxidized LDL-induced human monocyte adhesion to HASMCs. In
addition, incubation of HASMCs with gliclazide dramatically reduced the ability of oxidized LDL to stimulate the proliferation
of these cells. Finally, treatment of HASMCs with gliclazide resulted in a marked decrease in oxidatively modified LDL-induced
monocyte chemoattractant protein (MCP)-1 and human heat shock protein 70 (hsp 70) expression, both at the gene and
protein levels. These results show that gliclazide, at concentrations in the therapeutic range (5 to 10 ug/mL), is effective in
vitro in reducing vascular smooth muscle cell (VSMC) dysfunction induced by oxidatively modified LDL. These observations
suggest that administration of gliclazide to type 2 diabetic patients could form part of the strategy for the prevention and
management of diabetic cardiovascular diseases.
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Y THEIR ABILITY to generate free radicals, vascular idation and monocyte adhesion to endothelial cells in Vi#ro.

cells oxidize low-density lipoprotein (LDL) within the We have shown that administration of gliclazide to type 2
subendothelial spaée® Increasing evidence implicates oxi- diabetic patients inhibits the increased adhesiveness of mono-
dized LDL in vascular dysfunction associated with the patho-cytes isolated from these subjects to endothelial cells and
genesis of atherosclerosis. Indeed, oxidatively modified LDLlowers monocyte tumor necrosis factor alpha (B)produc-
enhances monocyte binding to endothelial cefiayors foam  tion.24 Evidence has finally been obtained for an inhibitory
cell formation$ induces cytokine and chemokine production by effect of gliclazide on the induction of endothelial cell adhesion
vascular cell$;” and stimulates vascular smooth muscle cell molecule and nuclear factor-kappa B (NB) activity by gly-
(VSMC) proliferationg-° The so-called oxidation hypothesis of cated albumir¥> Based on these findings and on the role of
atherogenesis provides a strong biologic plausibility for the rolereactive oxygen species in the alterations of VSMC func-
of antioxidants in the prevention of cardiovascular diseasestion2¢2”we evaluated in the present study the effect of glicla-
Although data from observational studies suggest that vitamirzide on VSMC dysfunction induced by oxidized LDL.
E protects against coronary heart dised®s€é, most random-

ized, controlled trials did not show any efficacy of antioxidant MATERIALS AND METHODS
supplements in secondary prevention of coronary heart disReagents
easel2-15

Smooth muscle cell growth medium (SmGM-2) was obtained from
Increased levels of modified lipoproteins and enhanced oXcionetics (San Diego, CA). Penicillin-streptomycin, phosphate-buff-
idation of plasma LDL have been reported in diabetic pa-ered saline (PBS), Hanks' Balanced Salt Solution (HBSS), sodium
tients16-17 Imbalance between free radical production and an-dodecyl sulfate (SDS), RPMI 1640 medium, Dulbecco’'s modified
tioxidant defense mechanisms has been proposed as a ké&pgle's medium (DMEM), and bovine serum albumin (BSA) were
mechanism leading to increased susceptibility of LDL to oxi- purchased from GIBCO (Grand Island, NY). Thiobarbituric acid

dative modification in diabete&:1 Gliclazide, a second-gen- (TBA) and tetraethoxypropane (TEP) were obtained from ICN Bio-

eration sulfonylurea used in the treatment of type 2 diabeteschemlcals (Costa Mesa, CA). Fetal bovine serum (FBS) was purchased

. . o o1 T from Wisent (St Bruno, Quebec, Canada). Dianisidine dihydrochloride,
has free-radical-scavenging activityz! This drug has been hexadecyltrimethylamine ammonium bromide (HTAB), and phenyl-

previously shown to inhibit LDL oxidation in Vit and to  methylsulfonyl fluoride (PMSF) were purchased from Sigma Chemi-
reduce both endothelial and monocyte cell-mediated LDL 0x-cals (St Louis, MO). Phosphoric acid, Tween 20, ethanol, potassium
bromide (KBr), methanol, and butanol were obtained from Fisher
Scientific (Fair Lawn, NJ). Acetic acid and perchloric acid were pur-
chased from Laboratoire Mat (Beauport, Quebec, Canada) and BDH
(Toronto, Ontario, Canada), respectively. [Metfid}-thymidine was
obtained from NEN Life Science Products (Mississauga, Ontario, Can-
ada). Monoclonal antibody to human heat shock protein 70 (hsp 70)

Supported by_ Les Laboratoires S\erwer. . was obtained from Stressgen Biotechnologies (Victoria, British Colum-
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AM1.
Copyright© 2001 by W.B. Saunders Company LDL was isolated from plasma obtained from healthy nonsmoker
0026-0495/01/5006-0010$35.00/0 normolipidemic male and female donors. Venous blood was collected
doi:10.1053/meta.2001.23297 into tubes containing ethylenediaminetetraacetic acid (EDTA) and
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LDL (density, 1.019 to 1.063) was isolated by sequential ultracentrif-230,000 highly purified human monocytes were then added to the wells
ugation using KBr for density adjustemedtd DL was sterilized by  and allowed to adhere to HASMCs for 2 hours. At the end of this
filtration through 0.20um Gelman filters, stored at 4°C and used incubation period, nonadherent monocytes were removed by washing
within 3 days at a final concentration of 1Q8y LDL protein/mL. the cells with PBS (pH 6.0). Monocyte adhesion to HASMCs was
Before incubation with cells, LDL was extensively dialyzed for 24 quantitated by measuring monocyte myeloperoxidase (MPO) activity
hours at 4°C against 5 mmol/L Tris/50 mmol/L NaCl to remove EDTA. as previously describeéd. The intra- and interassay coefficients of
Minimally modified LDL (100ug/mL), obtained by storage of EDTA-  variation of this assay are 7% and 13%, respectively.

free LDL at 4°C for 3 months, was used as positive control. Protein

content of LDL preparations was determined using the BradfordySMC Proliferation Assay

method® with BSA as standard. Endotoxin content of LDL prepara-
tions (100ug/mL) was determined by the Limulus amebocyte lysate
assay (Sigma) and was consistently found to be lower than 3 pg/mL.

HASMCs were trypsinized and cultured at a density of 7,500 cells/
cn? in SmMGM-2. After 24 hours, cultured cells were washed with PBS
and growth-arrested for 48 hours by serum deprivation. HASMCs
cultured in serum-free DMEM containing8mol/L CuSQ, were then

; ) treated with native LDL in the presence or absence of gliclazide for 48
Human aortic smooth muscle cells (HASMCs) were obtained frompoyrs at 37°C, with inclusion of sterile [methi]-thymidine (5

Clonetics. HASMCs were grown to subconfluence in SmGM-2 at 37°C ,Ci/mL) during the last 24 hours of incubation. Nonincorporated
in 5% CQ,/95% air atmosphere. The cells were then trypsinized and[34]-thymidine was removed by washing the cells with cold PBS. Cells
subcultured in 24- or 96-well culture plates according to the appropriatgyere then fixed with cold ethanol-acetic acid solution (3:1) for 10

Smooth Muscle Cell Culture

assay conditions. minutes at 4°C, washed twice, and incubated with perchloric acid 0.5
N for 15 minutes at 4°C. After further washing, HASMCs were
Drug Treatment incubated with perchloric acid 0.5 N for 30 minutes at 80°C and

Sodium salt gliclazide was supplied by Les Laboratoires Servierallowed to detach. The level ofHi]-thymidine incorporation was
(Neuilly, France). The drug was dissolved in pyrogen-free sterile waterdetermined by scintillation counting (Packard, Meriden, CT). The intra-
to produce a stock solution of 1 mg/mL, which was then filtered andand interassay coefficients of variation of this assay are less than 10%.
stored at 4°C. To assess the effect of gliclazide on VSMC-mediated
LDL oxidation, the cells were pretreated with increasing concentrationsRNA Isolation and cDNA Preparation
of gliclazide (1 to 10ug/mL). These concentrations were chosen

. . - ) Subconfluent HASMCs were treated or not with native LDL in the
because they are in the therapeutic range in diabetic patfents.

presence or absence of gliclazide for 24 hours at 37°C. Supernatants
were then collected and added to a culture of growth-arrested HASMCs
for a 4-hour incubation period. At the end of this incubation time, the
Oxidatively modified LDL were obtained by incubating LDL prep- cells were lysed with Trizol reagent, and total cytoplasmic RNA was
arations for 24 hours at 37°C in a cell-free system or in the presence oéxtracted by the acid-phenol technique of Chomczy#spiecipitated,
HASMCs in culture medium containing @mol/L CuSQ,. At the end and resuspended in diethyl pyrocarbonate water. cDNA was synthe-
of the incubation period, supernatants were collected and EDTAsized from RNA by incubating total cellular RNA with Odg oligodT
(0.04% final concentration) was added to stop LDL oxidation. LDL (Amersham Pharmacia, Piscataway, NJ) for 5 minutes at 98°C. The
oxidation was assessed by electrophoretic mobility of this lipoproteinmixture was then incubated for 60 minutes at 37°C and for 10 minutes
(data not shown). The lipid peroxide content of oxidized LDL was at 99°C in reverse transcription mixture (Boehringer Mannheim, Laval,
determined by measuring thiobarbituric acid-reactive substance®uebec).
(TBARS) in the supernatant. TBARS values were expressed as mal-
ondialdehyde (MDA) equivalents (nmol MDA/SOAL solution) as  Measurement of Monocyte Chemoattractant Protein-1 and
derived by comparison to a standaro! curve of MDA equw_alents pre-hSp 70 mRNA Expression
pared from HCl-catalyzed hydrolysis of TEP, as previously de-
scribed?! Free 8-isoprostane levels were determined in the culture The levels of monocyte chemoattractant protein (MCP)-1 and hsp 70
medium by enzyme immunoassay (Cayman Chemical, Ann Arbor, MRNA in untreated and LDL-treated HASMCs in the presence or
MI).32 The detection limit of 8-isoprostane with this assay is 5 pg/mL. absence of gliclazide were assessed by polymerase chain reaction

The intra- and interassay coefficients of variation are less than 10%. (PCR). cDNA was amplified by using 2 synthetic primers specific for
human MCP-1 (5TGCTCATAGCAGCCACCTTC-3) (5'-GCTT-

|solation of Human Monocytes GTCCAGGTGGTCCATG-3 and hsp70 (5TGCCGGCCTACT-
. . TCAACGAC-3) (5'-CCAGCCTGTTGTCAAAGTCC-3) in separate
Human monocytes were isolated from fresh heparinized blood (10qpCR reaction mixtures (Boehringer Mannheim). A 268-bp human

mL) collected from nonsmoker healthy male and female donors as,cp-1 and a 275-bp human hsp 70 cDNA fragment were amplified
previously describe@? First, peripheral blood mononuclear cells were enzymatically by 35 repeated cycles at 94°C for 1 minute, 55°C for 1

obtained by density centrifugation using Lymphoprep (Nycomed minute, 72°C for 2 minutes in a programmable thermal controller
Pharma As, Oslo, Norway). The cells collected from the interface WergpTC_100; MJ Research, Watertown, MA). A 456-bp of the glyceral-

washed 3 times with HETSS a_nd allowed tq aggregat_e in the presence (Hehyde-S-phosphate dehydrogenase (GAPDH) cDNA was also ampli-
FBS. After further purification by rosetting technique and density fied by 30 amplification cycles at 98°C for 40 seconds, 60°C for 40

centrifugation, recovery of highly purified monocytes (85% to 90%), 8Sgaconds, 72°C for 90 seconds using 2 synthetic primers speciic (5
assessed by fluorescence-activated cell sorter analysis, was obtaing8c~TTCATTGACCTCAACTAC ATGG-3) (5-AGTCTTCTGGGT-
Human monocytes were resuspended in serum-free RPMI 1640 rn‘:fBGCAGTGATGG-S) for human GAPDH. The reaction products were
dium supplemented with 1% (vol/vol) penicillin-streptomycin. visualized by electrophoresis on a 1% agarose gel containjng/rhL
ethidium bromide. A 100-bp DNA ladder (Fermentas, Flamborough,
Ontario, Canada) was run to generate size markers. The integrated

On the day of the assay, the medium of confluent HASMCs wasabsorbance of the bands was measured with an image analysis scanning
gently removed and the cells were washed twice with HBSS. A total ofsystem (Alpha Imager 2000, Packard).

Determination of LDL Oxidative Modification

Monocyte Adhesion Assay



690 MAMPUTU AND RENIER

Measurement of MCP-1 Protein A

Subconfluent HASMCs were treated or not with native LDL in the 150
presence or absence of gliclazide for 24 hours at 37°C. Superna-
tants were then collected and added to a culture of growth-arrested
HASMCs for 24 hours. At the end of this incubation, the amount of
human MCP-1 secreted by HASMCs in the culture medium was
measured using a double-sandwich enzyme-linked immunosorbent as-
say (ELISA) R & D Systems, Minneapolis, MN). The minimum
detectable concentration of MCP-1 with this assay was typically less
than 5.0 pg/mL. The intra- and interassay coefficients of variation of
this assay are less than 0.5% and 10%, respectively.
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Measurement of hsp 70 Protein

Hsp 70 protein levels in HASMCs were detected by immunoblotting. 0
Briefly, subconfluent HASMCs were treated or not for 24 hours at 37°C 0 1 25 5 10
with native LDL in the presence or absence of gliclazide. Supernatants Gliclazide (ug/ml)
were then collected and added to a culture of growth-arrested HASMCs
for 24 hours. At the end of this incubation, cells were lysed in Tris
buffer containing 3% SDS, 1 mmol/L PMSF, and P4mercaptoetha-
nol. Ten micrograms of total cellular proteins were separated by elec-
trophoresis through a 10% SDS-polyacrylamide gel eIectrophoresis2
(PAGE) and transferred to a nitrocellulose membrane using a trans blog
cell system (Bio-Rad, Mississauga, Ontario, Canada). The membranl!.;
was blocked for 1 hour at room temperature with PBS containing 3% &
BSA. After 3 washes with PBS/Tween 20 0.1%, the membrane was{3
incubated for 1 hour at room temperature with a human monoclonal @
antibody to hsp 70 (1:1,000) in PBS/Tween. The membrane was nextg.
washed with PBS/Tween and incubated for 1 hour at room temperatun%
with a horseradish peroxidase-conjugated goat antimouse IgGt
(1:5,000). Antigen detection was performed with an enhanced chemi-
luminescence detection system (Amersham Pharmacia, Baie d'Urfe,
Quebec, Canada). 0 1 2.5 5 10
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Determination of Cell Viability Gliclazide (j.g/mi)

To evaluate a possible cellular toxicity of gliclazide at the maximal Fig 1. Gliclazide decreases LDL oxidation mediated by HASMCS
concentration used in the study, cell viability was determined by trypanyasmcs were incubated for 24 hours at 37°C with native human LDL

blue exclusion. It was consistently found to be higher than 90%. (100 wg/mL) in medium containing 3 pmol/L Cu?* in the presence of
o ) increasing concentrations of gliclazide (0 to 10 ng/mL). At the end of
Statistical AnaIyS|s the incubation period, supernatants were collected and oxidation of

DL was stopped by addition of EDTA (0.04% final concentration).
xidative modification of LDL was assessed by measuring TBARS
content (A) and 8-isoprostane levels (B) in the supernatant. Data

Statistical analysis of the results was performed by 1-way analysis o
variance (ANOVA) followed by the Student-Newman-Keuls test. Dif-

ferences were considered to be of statistical significande <t.05. represent the mean = SEM of 6 separate experiments. *P < .05 and
Results are expressed as the meaSEM. **P < .01 v control.

RESULTS
Effect of Gliclazide on the Oxidative Modification of crease in these parameters was observed at a concentration of 5
LDL Mediated by HASMCs Mg/ml_ of the drug_

Incubation of HASMCs with native human LDL (100@g . . .
protein/mL) in the presence of @mol/L Cu?* for 24 hours at Effect of Gliclazide on Human Monocyt_e Adhesmn to
37°C induced oxidative modification of LDL, as assessed byHASNICS Induced by Cell-Mediated Oxidized LDL
the significant increase in TBARS content and 8-isoprostane Incubation of HASMCs with native LDL (10Qwg protein/
levels in the incubation medium. Medium TBARS content andmL) in medium containing 3umol/L Cu?* for 24 hours at
8-isoprostane levels in the presence of HASMCs was®9®  37°C induced a significant increase in monocyte adhesion
MDA equivalents/500uL medium and 212 pg/mL, respec- (170% *= 22% over control values? < .05). This effect was
tively, whereas TBARS production and 8-isoprostane levels insimilar to that induced by minimally oxidized LDL (169%
a cell-free system was 5.28 1 MDA equivalents/500uL 31% over control values? < .05). Preincubation of HASMCs
medium and 66 pg/mL, respectively  .05). Pretreatment of  with increasing concentrations of gliclazide (1 to &8/mL)
HASMCs with increasing concentrations of gliclazide (1 to 10 for 1 hour before addition of human monocytes decreased, in a
ng/mL) before addition of native LDL to the culture medium dose-dependent fashion, oxidized LDL-induced monocyte ad-
decreased TBARS formation and 8-isoprostane levels in &esion. Maximal decrease was about 50% and was observed at
dose-dependent manner (Fig 1A and 1B). The maximal dea concentration of pg/mL of gliclazide (Fig 2). In the absence
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150 of HASMC with smooth muscle cell-mediated oxidized LDL
cwn also enhanced hsp 70 mRNA levels in these cells (Fig 5A). A
% g similar stimulatory effect was observed when cells were ex-
0w posed to minimally oxidized LDL (data not shown). Treatment
§ 2 1000 - of HASMCs with gliclazide inhibited cell-mediated oxidized
g g x LDL-induced hsp 70 expression both at the gene (Fig 5A) and
%‘, g * * protein (Fig 5B) levels. Gliclazide alone did not affect MCP-1
g :_; 50 % *_1'\'_* *—t* or hsp 70 expression (data not shown).
2 < X DISCUSSION
= Oxidative modification of intimal lipoproteins by reactive
0 oxygen species released by vascular cells plays an important
0 1 2.5 5 10 role in the early development of atherosclerd8ig’ In addi-
Gliclazide (ng/ml) tion, oxidized lipoproteins favor, through their effects on
VSMCs, the progression of early atherosclerotic plaques to
Fig 2. Gliclazide decreases monocyte adhesion to HASMCs in- fibrotic lesions3® Our results show that gliclazide decreases

duced by oxidized LDL. HASMCs were exposed for 24 hours at 37°C VSMC-mediated oxidative modification of LDL and reduces

to native human LDL (100 pg/mL) in medium containing 3 pmol/L  \/g\C dysfunction induced by modified LDL. The reduction

Cu?™ in the presence of increasing concentrations of gliclazide (0 to f VSMC diated LDL idati in th f glicl

10 pg/mL). At the end of the incubation period, cells were washed 0. . -mediate . oxiaa |0n. In the presence. ot ghc a_.

and freshly isolated human monocytes were added to cultured zide is in accordance with our previous results showing that this

HASMCs. Monocyte adhesion to HASMCs was measured by the MPO drug inhibits in vitro both endothelial cell- and monocyte-

assay. Data represent the mean + SEM of 4 separate experiments. mediated LDL oxidatiorz3 AIthough the mechanism(s) in-

* *% ** ¥ . . - . . .
P<.05, %P < .01, and ***P < .001 v control. volved in the inhibitory effect of gliclazide on VSMC-mediated

LDL oxidation is (are) unknown, the similar sensitivity to

S o gliclazide of aortic endothelial cells and smooth muscle cells
of LDL, no inhibitory effect of gliclazide (Sug/mL) on mono-  gyggests that similar mechanisms may operate in both sys-

cyte adhesion was observed. tems. Because a role for both superoxide and lipoxygenase has
Effect of Gliclazide on VSMC Proliferation Induced by been pgililat.w n the oxidative mOd'f.'C&t.'on of LDL by
Modified LDL VSMCs39-41gliclazide may reduce LDL oxidation by scaveng-

ing superoxide and/or reducing lipoxygenase activity.
Treatment of HASMCs with native LDL for 48 hours at  Several studies have shown that VSMCs express cellular
37°C in the presence of @mol/L Cu*" significantly increased  adhesion moleculé&44and that monocytes bind to these cells.
VSMC proliferation (VSMC proliferation [% over basal val- |n accordance with the results of Thorne etsahur data show

ues], 176+ 13, P < .01). Exposition of cells to minimally  that oxidized LDL enhances monocyte adhesiveness to
oxidized LDL also led to an increase in VSMC proliferation

(299% * 80% over control values? < .05). Preincubation of
HASMCs for 1 hour with gliclazide (1 to 1@.g/mL) dramat-

. = S . 150+
ically decreased the ability of oxidized LDL to stimulate gy — 50
HASMCs growth. Gliclazide-induced inhibition of HASMC E 3
proliferation was maximal at a concentration of ulg/mL Q.%
gliclazide and was about 50% (Fig 3). Gliclazide g&/mL) 3 > 100 T
alone did not decrease HASMCs growth (data not shown). £ 0
o]
o . =c *hk e Kk KX
Effect of Gliclazide on Oxidized LDL-Induced MCP-1 and Eo T - T T
hsp 70 mRNA Expression and Secretion in HASMCs E‘,f'_’ 50
. . . -
Incubation of HASMCs with smooth muscle cell-mediated ¢ g
oxidatively modified LDL increased MCP-1 mRNA levels in & &
these cells (Fig 4A). A significant increase in MCP-1 release in 0

the media was also observed after exposition of the cells to 0 1 2.5 5 10
smooth muscle cell-mediated oxidized LDL (MCP-1 produc- ’
tion [% over basal values], 175 12, P < .05). This increase
Waz.?.lrg”ar to that (?bierveod in cells |ncu|bate|d With mlnlma”y Fig 3. Gliclazide decreases HASMC proliferation induced by oxi-
modified LDL (216%* 574) ovgr cqntro values? < 05) dized LDL. HASMCs cultured in serum-free medium were treated for
Treatment of HASMCs with gliclazide led to a significant 48 hours at 37°C with native LDL (100 pg/mL) in medium containing
decrease in oxidized LDL-induced MCP-1 mRNA expression3 pmol/L Cu** in the presence of increasing concentrations of gli-
(Fig 4A). Reduction in MCP-1 mRNA levels was associated Z'_“id(es (o (‘:‘_’/1"'—;‘%/“‘_”' ‘:’;‘h Ii“°t'“;i°'|‘1 of Ste’f"‘? [’“E“lY"sngl'\‘ﬂ‘g
with a decrease in MCP-1 production, as reflected by thel!n: > HVMH CUMNG TA8 fas7 20 nours of ineupation.

L . X proliferation was assessed by *H-thymidine incorporation into DNA
dose-dependent inhibitory effect of gliclazide on MCP-1 re- 55 described in Materials and Methods. Data represent the mean =

leased by oxidized LDL-treated HASMCs (Fig 4B). Incubation SEM of 6 separate experiments. **P < .01 v control.

Gliclazide (ig/ml)
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Fig 4. Effect of gliclazide on oxidized LDL-induced MCP-1 mRNA
expression and secretion by HASMCs. (A) Subconfluent HASMCs
were treated for 24 hours with native LDL (100 png/mL) in medium
containing 3 umol/L Cu?* in the presence or absence of 10 ug/mL
gliclazide. Supernatants were then collected and added to a culture
of serum-starved HASMCs for a 4-hour incubation period. At the end
of this incubation period, total RNA was extracted as described in
Materials and Methods, and the levels of MCP-1 and GAPDH mRNA
expression were assessed by semiquantitative PCR (upper panel).
MCP-1 mRNA levels (arbitrary units), normalized to the levels of
GAPDH mRNA expression are presented in the lower panel. Data
represent the results of 1 representative experiment of 3. (B)
HASMCs were incubated with native LDL (100 ng/mL) for 24 hours in
the presence of increasing concentrations of gliclazide (0 to 10 ug/
mL). At the end of the incubation period, supernatants were col-
lected and centrifuged. MCP-1 levels in the culture media were de-
termined by ELISA. Data represent the mean = SEM of 4 separate
experiments. **P < .01 and ***P < .001 v control.
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effect of gliclazide on monocyte binding to VSMCs may in-
volve different pathways. Recently, oxidized LDL has been
identified as a major determinant of 1G9 monocyte adhesion
molecule overexpression in VSM@%Whether gliclazide may
inhibit monocyte adhesion to VSMCs by reducing the expres-
sion of this new adhesion molecule awaits further studies.
Although the biological consequences of adhesion of mono-
cytes to VSMCs are not well defined, a role of this process in
monocyte accumulation in the atherosclerotic plague and acti-
vation of mononuclear cells may be suggestedlediators
released from inflammatory cells may, in turn, induce the
expression of adhesion molecules on VSME$! Based on
these data, one may propose that gliclazide, by its ability to
reduce the interactions of monocytes and VSMCs, could con-
tribute to attenuate the sustained inflammatory process that
occurs in the atherosclerotic lesion.

Although the proproliferative effect of native LDL has been
debated for a long timé8-49 modified LDL has been clearly
defined as a mitogen for VSM@<-4°In accordance with these
observations, our data show that exposure of VSMC to oxida-
tively modified LDL is associated with an increased VSMC
growth. The role for reactive oxygen species in the control of
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Fig 5. Effect of gliclazide on oxidized LDL-induced hsp 70 mRNA
and protein expression in HASMCs. (A) Subconfluent HASMCs were
treated for 24 hours with native LDL (100 png/mL) in medium con-
taining 3 pmol/L Cu?* in the presence or absence of 10 pg/mL
gliclazide. Supernatants were then collected and added to a culture

VSMCs. They also show that gliclazide inhibits the ability of of serum-starved HASMCs for a 4-hour incubation period. At the end
modified LDL to stimulate this process. These results are inof this incubation period, total RNA was extracted as described in
agreement with our previous findings that gliclazide inhibits Materials and Methods, and the levels of hsp 70 and GAPDH mRNA

monocyte adhesion to endothelial cegs The mechanisms expression were assessed by semiquantitative PCR (upper panel).
Hsp 70 mRNA levels (in arbitrary units), normalized to the levels of

by which oxidized LDL_InduceS monocyte adhgsmq to VSMCS GAPDH mRNA expression are presented in the lower panel. Data
are unclear. We previously reported that gliclazide inhibitSrepresent the results of 1 representative experiment of 3. (B)
monocyte adhesion to endothelial cells by reducing endotheliaHASMCs were incubated with native LDL (100 ug/mL) for 24 hours at
cell-associated expression of E-selectin, vascular cell adhesio#/°C in the presence or absence of gliclazide (10 pg/mL). Ten micro-

. . grams of total cellular proteins were separated by SDS-PAGE and
molecule-1 (VCAM-1), and intercellular adhesion molecule-1 subjected to Western blot analysis as described in Materials and

(ICAM-1).25 Because modified LDL does not upregulate pethods. Data represent the results of 1 representative experiment
VCAM-1 and ICAM-1expression on VSMCS,the inhibitory  of 3.
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VSMC proliferation has been shown both in vitro and in vi¢o. refolding of denaturated proteins under both normal and toxic
In particular, evidence has been provided that treatment oénvironmental condition® Several observations suggest that
VSMCs with the antioxidani-tocopherol inhibits the growth  hsps may contribute to the initiation and progression of athero-
response of these cefi8Our results provide first evidence that sclerosis. First, immune response against hsp 65 has been
gliclazide decreases oxidized LDL-stimulated VSMC growth. shown to result in atherosclerotic lesions in normocholester-
These results and the previous observation that this drug alsglemic rabbit$® Second, increased expression of hsps has been
effectively inhibits VSMC hypertrophy induced by glycosy- observed in human atherosclerotic plagé®® Third, a posi-
lated human oxyhaemoglobin, a well-known inducer of oxidanttive correlation has been found between antibodies against hsp
stress;! suggest that gliclazide, by its antioxidant properties, 70 and different types of vascular diseag&&ourth, recent
may interfere with the response of VSMC to oxidative stress.eyidence indicates that hsp 70 is a potent inducer of proinflam-
Among the signaling pathways induced by oxidized LDL in matory cytokine production by human monocyté&vidence
VSMCs is the activation of the transcription factor MB:  exists that oxidation may play an important role in the regula-
The observations that NkB activity is essential to VSMC  jon of hsps expression. Indeed, it has been shown that oxida-
growttP?and that gliclazide reduces the activation of NBin (e purst associated with ischemia/reperfusion increases the

glycated albumin-treated endothelial céflsupport a role of  gyhression of hsp and that oxidized LDL induces the ex-
this transcription factor in the suppressive effect of this drug ONoression of hsps in endothelial cells, monocytic cells, and

VSMC g_rowth. Alternat_ively, gliclazide may inhibit VSMC VSMCs$86-68 Interestingly, actively cycling VSMCs have been
proln‘eratlon via a protein kinase G (I?Kp)-dependent rT‘eCha'found to express more hsp 70 protein than confluent cells in
nism. Our presgnt results and our prelllmllngry data showing thaltesponse to oxidized LDES Because smooth muscle cell pro-
1 pg/ml gI|_c|azu_1|e exerts a maxnma|.|nh|b|tory effe_ct on b.OI.h liferation is a crucial step in the progression of atherosclerosis,
_VSMC proliferation and PKC activation support this possibil- hsp 70 expression in VSMCs may play an important role in the

ity. . .
y . . - development of atherosclerosis. Our results show that glicla-
Increased recruitment of mononuclear cells into the intima of

the arterial wall is an important event in atherogen&ighis zide reduces hsp 70 expression in oxidized LDL-treated

process is mediated by an increased gradient of chemotacti\éSMCS' Because hsps expression |s‘under redoxlcontrol,.such
activity in the vascular wall. MCP-1 is believed to be the most an effect may be related to the antioxidant properties of glicla-

potent and specific chemotactic and activating factor for monoZide- Alternatively, because hsp 70 is a stress protein respon-
cytess455 Modified LDL has been shown to induce MCp-1 SIV€ to mitogenic stimulatioff this drug may exert its effect by

expression by VSMCs by a mechanism involving increaseojnh_ibiting ceI_I proliferation. The molecular mgchanisms by
generation of superoxide anion and increased activity of NF\Which gliclazide reduces hsp 70 gene expression are presently
«kB.56 Results of the present study show that gliclazide de-unknown. Because oxidized LDL activates the activator pro-

creases the ability of VSMC-mediated LDL oxidation to induce t€in-1 (AP-1) transcription factor in VSMCS, it is possible
MCP-1 expression, both at the gene and protein levels. Basetpat gliclazide may exert this effect by inhibiting the binding of
on previous observations that gliclazide scavenges free supefP-1 to the promoter of the hsp 70 gefte.
oxide radical&” and inhibits NFxB activation25 it is tempting In conclusion, these results show that gliclazide decreases
to postulate that this drug may inhibit modified LDL-induced VSMC alterations induced by cell-mediated LDL oxidation.
MCP-1 production by scavenging free radicals and/or interfer-Based on the crucial role of oxidative stress in the control of
ing with the NF«B-dependent signaling pathway. Based on VSMC function, these findings suggest that this drug may
the chemoattractant properties of MCP-35and on the ability ~ contribute, by its antioxidant properties, to reduce VSMC dys-
of this protein to induce differentiation of VSMCs towards the function associated with atherosclerosis. Further investigation
synthetic phenotyp& the inhibitory effect of gliclazide on concerning the biochemical and molecular mechanisms in-
MCP-1 expression may be of potential value in slowing thevolved in the regulatory effect of gliclazide on oxidative stress-
course of the atherosclerotic process. sensitive genes will provide additional insight into its potential
Hsps play an important role as molecular chaperones byole in the prevention and treatment of diabetic vascular dis-
facilitating the folding of nascent proteins and assisting inease.
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