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PeroxisomePeroxisome ProliferatorProliferator--
activated Receptors (PPAR)activated Receptors (PPAR)

�� LipidLipid--activated transcription factors :activated transcription factors :

=> regulating the expression of genes that=> regulating the expression of genes that

controlcontrol lipid & glucoselipid & glucose homeostasishomeostasis..

�� Possibly modulates the onset and evolution of Possibly modulates the onset and evolution of 

metabolic disordersmetabolic disorders





Role of PPAR in Lipid RegulationRole of PPAR in Lipid Regulation



Role of PPARRole of PPAR��
in Atherosclerosisin Atherosclerosis

Chawla A. et al.  Mol Cell 2001:7;161



Metabolic Effects of PPARMetabolic Effects of PPAR--

�� Reverse cholesterol transportReverse cholesterol transport

=>=> HDL,HDL, TG,TG, small dense LDLsmall dense LDL

�� AdiponectinAdiponectin

�� Insulin sensitivity (fat, liver, skeletal muscle)Insulin sensitivity (fat, liver, skeletal muscle)

�� ProinflammatoryProinflammatory adipokinesadipokines (fat)(fat)



Effects of Effects of TZDsTZDs
in Lipid & Glucose Metabolismin Lipid & Glucose Metabolism



AntiAnti--atherogenicatherogenic Effects of PPAREffects of PPAR��
in the Vasculaturein the Vasculature

MonocytesMonocytes ::
�� Attachment Attachment 

to EC (to EC (�� VCAM)VCAM)
�� MigrationMigration
�� InflammationInflammation
�� ReverseReverse

CholesterolCholesterol
TransportTransport

VSMC :VSMC :

�� GrowthGrowth
�� MigrationMigration
�� MMP productionMMP production
�� PAIPAI--11
�� EgrEgr--11

Endothelial Cells :Endothelial Cells :
�� GrowthGrowth
�� MigrationMigration
�� AngiogenesisAngiogenesis

PPARPPAR�� LigandsLigands

�� AtherosclerosisAtherosclerosis



PPARPPAR�� Agonists Decrease Agonists Decrease 
Atherosclerosis in Mouse ModelAtherosclerosis in Mouse Model

ControlControl TroglitazoneTroglitazone



The Effects of Rosiglitazone on The Effects of Rosiglitazone on 
VSMC migrationVSMC migration
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controlcontrol pioglitazonepioglitazone
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RosiglitazoneRosiglitazone & Carotid IMT Progression & Carotid IMT Progression 
in CAD Patients Without DMin CAD Patients Without DM

Sidhu JS. Arterioscler Thromb Vasc Biol. 2004;24:1



Marx N. Circulation. 2003;107:1954

Effect of Rosiglitazone on Soluble CD40L 
In Patients With Diabetes & CAD

-80

-60

-40

-20

0

20

40

60

-80

-60

-40

-20

0

20

40

60

sC
D

40
L

sC
D

40
L

%
 c

ha
ng

e 
fro

m
 b

as
el

in
e

%
 c

ha
ng

e 
fro

m
 b

as
el

in
e

RosiglitazoneRosiglitazone ControlControl

* p<0.05



Sidhu JS. J Am Coll Cardiol 2003;42:1757

Effects of Effects of RosiglitazoneRosiglitazone, on E, on E--selectinselectin,, vWFvWF, CRP, , CRP, 
and Fibrinogen in Nonand Fibrinogen in Non--Diabetic CAD PatientsDiabetic CAD Patients

0.35 (0.260.35 (0.26--0.50)0.50) †0.72 (0.360.72 (0.36--1.30)1.30)12 weeks12 weeks
0.56 (0.340.56 (0.34--1.02)1.02)0.74 (0.410.74 (0.41--1.39)1.39)BaselineBaseline

CRP (mg/L)CRP (mg/L)
3.383.38 0.650.65 †3.583.58 0.750.7512 weeks12 weeks
3.813.81 1.121.123.493.49 0.680.68BaselineBaseline

Fibrinogen (g/L)Fibrinogen (g/L)
131131 43*43*156156 494912 weeks12 weeks
138138 4646146146 5454BaselineBaseline

vWFvWF (IU/(IU/dLdL))
43.443.4 16.0*16.0*46.546.5 24.124.112 weeks12 weeks
48.948.9 16.416.448.148.1 21.221.2BaselineBaseline

EE--selectinselectin ((ng/mLng/mL))

RosiglitazoneRosiglitazone
(n = 40)(n = 40)

PlaceboPlacebo
(n = 44)(n = 44)

* p<0.05, † p<0.005



Effect of Effect of TroglitazoneTroglitazone onon IntimalIntimal
Hyperplasia After Coronary Hyperplasia After Coronary StentingStenting

Takagi T et al. J Am Takagi T et al. J Am CollColl CardiolCardiol. 1999. 1999;(suppl1):886;(suppl1):886--22



Takagi T. Am Heart J 2003;146:e5

PioglitazonePioglitazone & In& In--stentstent RestenosisRestenosis ::
IVUS studyIVUS study
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YUMCYUMC RosiglitazoneRosiglitazone StudyStudy
A prospective single center control studyA prospective single center control study

RosiglitazoneRosiglitazone
DM GroupDM Group

N=47N=47

Type II DM patientsType II DM patients

ControlControl
DM GroupDM Group

N=48N=48

CoronaryCoronary stentingstenting

6 month clinical & 6 month clinical & cc--angioangio followfollow--upup



Study ObjectivesStudy Objectives

�� Primary endpoint :Primary endpoint :

=> Binary => Binary restenosisrestenosis rate at 6 monthsrate at 6 months

angiographic followangiographic follow--upup

�� Secondary endpoint :Secondary endpoint :

=> Clinical outcome (MACE) at 6 months=> Clinical outcome (MACE) at 6 months



Subjects (I)Subjects (I)
�� Inclusion criteria :Inclusion criteria :

-- Type II DM patients undergoing coronaryType II DM patients undergoing coronary
stentingstenting at YUMC (April. 2001 ~ Feb. 2003)at YUMC (April. 2001 ~ Feb. 2003)

�� Exclusion criteria :Exclusion criteria :
-- LVEF < 40% or evidence of CHFLVEF < 40% or evidence of CHF
-- GOT/GPT > 2 x upper limit of normal rangeGOT/GPT > 2 x upper limit of normal range
-- Cr > 2.0 mg/Cr > 2.0 mg/dLdL
-- Previous CABGPrevious CABG
-- Primary PTCAPrimary PTCA



Subjects (II)Subjects (II)

�� Total : n=95 (122 lesions)Total : n=95 (122 lesions)

1)1) RosiglitazoneRosiglitazone group : n =  47group : n =  47

=> angiographic follow=> angiographic follow--up : n = 38 (51 vessels)up : n = 38 (51 vessels)

2) Control group : n = 48 2) Control group : n = 48 

=> angiographic follow=> angiographic follow--up : n=42 (55 vessels)up : n=42 (55 vessels)



Methods (I)Methods (I)
�� RosiglitazoneRosiglitazone ::

-- 8 mg 8 mg p.op.o. before coronary . before coronary angioangio/PCI/PCI
-- 4 mg 4 mg p.op.o. daily. daily

�� Blood sugar control :Blood sugar control :
-- continue individual conventional therapy to optimize continue individual conventional therapy to optimize 
blood sugar level.blood sugar level.

�� AntiplateletAntiplatelet medication :medication :
-- aspirin 100 mg/d & aspirin 100 mg/d & ticlopidineticlopidine 500 mg/d or 500 mg/d or 
clopidogrelclopidogrel 75 mg/d75 mg/d



Methods (II)Methods (II)
�� StentingStenting ::

-- predilationpredilation in all lesionsin all lesions
-- stentstent ::

ArthosArthos™™/Arthos/Arthos™™ Inert (AMG) Inert (AMG) 
BX VelocityBX Velocity™™ ((CordisCordis))
CoroflexCoroflex™™ (B. Braun)(B. Braun)
ExpressExpress™™ (Boston Scientific)(Boston Scientific)

S7S7 ™™ (Medtronic)(Medtronic)

=> no significant difference in the choice of => no significant difference in the choice of stentsstents
betweenbetween RosiglitazoneRosiglitazone and control group.and control group.



Baseline CharacteristicsBaseline Characteristics

NSNS54.354.3 10.110.155.155.1 11.411.4LVEF (%)LVEF (%)

NSNS14/3814/3812/4212/42UAUA

NSNS10/3810/3814/4214/42AMIAMI

NSNS85.585.5 16.916.984.284.2 14.314.3DBP (mmHg)DBP (mmHg)

NSNS144.1144.1 16. 216. 2140.1140.1 15.415.4SBP (mmHg)SBP (mmHg)

NSNS24.924.9 2.962.9624.824.8 3.353.35BMI (kg/cmBMI (kg/cm22))

NSNS7.57.5 4.94.97.27.2 3.83.8DM duration (years)DM duration (years)

NSNS60.960.9 9.39.359.959.9 9.39.3Age (years)Age (years)

NSNS38 (24/18)38 (24/18)42 (31/11)42 (31/11)n (male/female)n (male/female)

PPRosiglitazoneRosiglitazoneControlControl



Biochemical CharacteristicsBiochemical Characteristics

NSNS5.605.60 2.702.704.974.97 2.512.51Fasting insulin (Fasting insulin (��U/U/mLmL))

NSNS160.3160.3 34.434.4150.3150.3 28.428.4Fasting glucose (mg/Fasting glucose (mg/dLdL))

NSNS2.922.92 1.981.982.012.01 1.331.33hsCRPhsCRP (mg/L)(mg/L)

NSNS669.2669.2 127.4127.4580.3580.3 101.7101.7Free fatty acid (Free fatty acid (��mol/L)mol/L)

NSNS167.7167.7 60.860.8159.5159.5 55.155.1Triglyceride (mg/Triglyceride (mg/dLdL))

NSNS38.938.9 11.011.041.141.1 10.910.9HDLHDL--cholesterol (mg/cholesterol (mg/dLdL))

NSNS190.5190.5 37.637.6191.1191.1 48.948.9Total cholesterol (mg/Total cholesterol (mg/dLdL))

NSNS7.797.79 1.301.307.727.72 1.131.13HbA1c (%)HbA1c (%)

PPRosiglitazoneRosiglitazoneControlControl



MedicationsMedications

NSNS10 (26.3%)10 (26.3%)15 (35.7%)15 (35.7%)��--glucosidaseglucosidase inhibitorinhibitor

NSNS21 (55.3%)21 (55.3%)22 (52.3%)22 (52.3%)BiguanidesBiguanides

NSNS25 (65.8%)25 (65.8%)26 (61.9%)26 (61.9%)SulfonylSulfonyl ureasureas

NSNS28 (73.7%)28 (73.7%)30 (71.4%)30 (71.4%)ACE inhibitorsACE inhibitors

NSNS31 (81.6%)31 (81.6%)37 (88.1%)37 (88.1%)StatinStatin

PPRosiglitazoneRosiglitazoneControlControlMedicationMedication



Baseline Angiographic Baseline Angiographic 
CharacteristicsCharacteristics

NSNS27/3827/3823/4223/42Multi vessel diseaseMulti vessel disease

25 (50.0%)25 (50.0%)23 (41.8%)23 (41.8%)CC
15 (37.5%)15 (37.5%)27 (49.1%)27 (49.1%)B2B2
5 (12.5%)5 (12.5%)5 (9.1%)5 (9.1%)B1B1

NSNSLesion typeLesion type
2 (3.9%)2 (3.9%)Left main Left main 

14 (27.5%)14 (27.5%)17 (30.9%)17 (30.9%)RCARCA
9 (17.6%)9 (17.6%)11 (20.0%)11 (20.0%)LCXLCX

26 (51.0%)26 (51.0%)27 (49.1%)27 (49.1%)LADLAD
NSNS51515555StentedStented lesionslesions

PPRosiglitazoneRosiglitazoneControlControl



Baseline Angiographic Baseline Angiographic 
CharacteristicsCharacteristics

<0.05<0.0519.0219.02 6.096.0916.4816.48 5.165.16Lesion length (mm)Lesion length (mm)

NSNS74.474.4 15.815.879.479.4 12.812.8DS (%)DS (%)

NSNS0.830.83 0.570.570.650.65 0.410.41MLD (mm)MLD (mm)

NSNS3.163.16 0.490.493.153.15 0.490.49RD (mm)RD (mm)

PPRosiglitazoneRosiglitazoneControlControl



PostPost--stentingstenting Angiographic DataAngiographic Data

NSNS1.321.32 0.530.531.221.22 0.470.47No. of No. of stentsstents

NSNS2.302.30 0.530.532.452.45 0.570.57Acute gain (mm)Acute gain (mm)

NSNS2.252.25 4.444.442.492.49 4.264.26DiameterDiameter stenosisstenosis (%)(%)

NSNS3.133.13 0.480.483.103.10 0.430.43MLD (mm)MLD (mm)

NSNS20.2820.28 5.735.7318.4018.40 4.754.75StentStent length (mm)length (mm)

NSNS3.293.29 0.410.413.243.24 0.420.42StentStent diameter (mm)diameter (mm)

PPRosiglitazoneRosiglitazoneControlControl



FollowFollow--Up Angiographic DataUp Angiographic Data

0.030.0317.617.638.238.2RestenosisRestenosis rate (%)rate (%)

0.0080.0080.270.27 0.300.300.490.49 0.410.41Loss indexLoss index

0.0030.0030.610.61 0.710.711.171.17 0.960.96Lumen loss (mm)Lumen loss (mm)

0.0010.00124.224.2 23.223.242.942.9 32.232.2DiameterDiameter StenosisStenosis (%)(%)

<0.001<0.0012.492.49 0.880.881.911.91 1.051.05MLD (mm)MLD (mm)

PPRosiglitazoneRosiglitazoneControlControl



Biochemical Characteristics Biochemical Characteristics 
at Baseline and Followat Baseline and Follow--upup

-48.7 50.0-26.1 50.1from baseline (mg/dL)

119.0 38.9167.7 60.8126.8 60.8159.5 55.1Triglyceride (mg/dL)

4.3 8.12.9 8.5from baseline (mg/dL)

43.2 8.238.9 11.044.0 10.541.1 10.9HDL-cholesterol (mg/dL)

-22.8 35.8-19.4 36.5from baseline (mg/dL)

167.7 32.4190.5 37.9171.7 34.0191.1 48.9Total cholesterol (mg/dL)

-0.61 1.15-0.75 1.07from baseline (%)

7.17 0.987.79 1.307.23 0.937.72 1.13HbA1c (%)

Follow-upBaselineFollow-upBaseline

RosiglitazoneRosiglitazone
(n = 38)(n = 38)

ControlControl
(n = 45)(n = 45)



Clinical Outcome at 6 MonthsClinical Outcome at 6 Months
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F/64 :F/64 : S7 3.5 x 18 mm at mS7 3.5 x 18 mm at m--LADLAD
BxBx 3.0 x 23 mm at d3.0 x 23 mm at d--LADLAD

InitialInitial
AfterAfter stentingstenting

66--monthmonth f/uf/u



F/63 :F/63 : BxBx 2.75 x 18 mm at d2.75 x 18 mm at d--LCXLCX

InitialInitial

AfterAfter stentingstenting

66--monthmonth f/uf/u



ConclusionConclusion

�� RosiglitazoneRosiglitazone reduced effectively the binary inreduced effectively the binary in--stentstent

restenosisrestenosis rate in type 2 diabetic patients.rate in type 2 diabetic patients.

�� This outcome was independent of hypoglycemic This outcome was independent of hypoglycemic 

effect of effect of RosiglitazoneRosiglitazone..

�� A large randomized blinded study is needed to A large randomized blinded study is needed to 

validate the results of this study. validate the results of this study. 


