
Class of Drug Class of Drug StentsStents

연세의대연세의대 심장내과심장내과 고영국고영국, , 장장 양양 수수



Commercially Available DESCommercially Available DES

•• SirolimusSirolimus--eluting eluting stentstent ((CypherCypher))
=> RAVEL, SIRIUS, C=> RAVEL, SIRIUS, C-- & E& E--SIRIUS, DIRECT, SVELTE,SIRIUS, DIRECT, SVELTE,

REALITYREALITY

•• PaclitaxelPaclitaxel--eluting eluting stentstent (TAXUS)(TAXUS)
=> TAXUS I, II, III, IV, V, VI=> TAXUS I, II, III, IV, V, VI



DES under Clinical InvestigationDES under Clinical Investigation

1.1. SirolimusSirolimus and Analogues:and Analogues:

–– EverolimusEverolimus--Eluting Eluting StentStent (Biosensors/Guidant) : (Biosensors/Guidant) : FUTURE I, IIFUTURE I, II

–– ABTABT--578 PC 578 PC StentStent (Abbott/Medtronic) :  (Abbott/Medtronic) :  ENDEAVOR I, II, IIIENDEAVOR I, II, III

2.2. PaclitaxelPaclitaxel and Analogues:and Analogues:

–– TaxaneTaxane QuanamQuanam StentStent (Boston Scientific) (Boston Scientific) =>=> StoppedStopped

–– NonNon--polymer polymer PaclitaxelPaclitaxel--Eluting Eluting StentStent (Cook/Guidant) : (Cook/Guidant) : 

ASPECT (effective), ELUTES (not effective)ASPECT (effective), ELUTES (not effective)

–– PaclitaxelPaclitaxel--Eluting Eluting StentStent ((ConorConor) : ) : EUROSTAREUROSTAR

–– PaclitaxelPaclitaxel--Eluting Eluting StentStent ((InfinniumInfinnium) : ) : SIMPLE I, IISIMPLE I, II



DES under Clinical InvestigationDES under Clinical Investigation

3. 3. ProPro--Healing ConceptsHealing Concepts ::

-- 1717-- ββ EstradiolEstradiol--Eluting Eluting StentStent : : EASTEREASTER
-- BisphosphonatesBisphosphonates ((BiorestBiorest) ) –– Targeting at macrophageTargeting at macrophage
-- Endothelial Progenitor Cells (Endothelial Progenitor Cells (OrbusOrbus) ) 
-- ReoProReoPro Coating Coating Stent Stent ((HumedHumed))
-- NO DonorNO Donor--ElutingEluting StentStent (Blue Medical) (Blue Medical) 



DES under Clinical InvestigationDES under Clinical Investigation

4. 4. Other Other DESsDESs ::

-- DexamethasoneDexamethasone PC PC StentStent (Abbott) (Abbott) => not effective=> not effective
-- BatimastatBatimastat PC PC StentStent (Abbott) (Abbott) => not effective=> not effective
-- ActinomycinActinomycin--Eluting Eluting StentStent (Guidant) (Guidant) =>=> StoppedStopped
-- MycophenolicMycophenolic AcidAcid--Eluting Eluting StentStent ((AvantecAvantec))
-- Ceramic Ceramic TacrolimusTacrolimus-- Eluting Eluting StentStent ((JomedJomed) ) => not effective=> not effective
-- CC--mycmyc AntisenseAntisense--Eluting Eluting StentStent (Medtronic) (Medtronic) => not effective=> not effective



CypherCypher & TAXUS & TAXUS StentsStents



CypherCypher : Meta: Meta--analysisanalysis
RAVEL, SIRIUS, CRAVEL, SIRIUS, C-- & E& E--SIRIUS, SVELTE, DIRECTSIRIUS, SVELTE, DIRECT

at 270 days

G. Stone, TCT 2004 



CypherCypher : Meta: Meta--analysisanalysis
RAVEL, SIRIUS, CRAVEL, SIRIUS, C-- & E& E--SIRIUS, SVELTE, DIRECTSIRIUS, SVELTE, DIRECT

G. Stone, TCT 2004 



CypherCypher Trials : InTrials : In--segment segment RestenosisRestenosis

G. Stone, TCT 2004 



TAXUS II, IV & VI TAXUS II, IV & VI 
-- TLR & TVR at 12 months TLR & TVR at 12 months --

G. Stone, TCT 2004 



TAXUS II, IV & VI TAXUS II, IV & VI 
-- MACE at 12 months MACE at 12 months --

G. Stone, TCT 2004 



DES using AntibodiesDES using Antibodies

–– AntiAnti--CD34 antibodyCD34 antibody--coated coated stentstent

–– AbxicimabAbxicimab--coated coated stentstent





CD34  Cell     CD34  Cell     
Surface AntigenSurface Antigen

Endothelial Progenitor Endothelial Progenitor 
Cell (Cell (EPCEPC))

Prosthetic Surface

AntiAnti--CD34 AntibodyCD34 Antibody

EPC Capture CoatingEPC Capture Coating



EPC Capture CoatingEPC Capture Coating

C

Cell Surface AttachmentCell Surface Attachment
Accelerated Accelerated 
DifferentiationDifferentiationRapid Maturation and Rapid Maturation and 

Onset of Function Onset of Function 

EPC Capture and DifferentiationEPC Capture and Differentiation

Prosthetic Surface

Coronary Blood Flow



Plasma Deposition Layer

Intermediate Layer

CD34 Antibody

EPC Capture CoatingEPC Capture Coating

Chemical Functional Top-Layer

Stent Adhering Bottom Layer

Stent Surface

Stent Surface



EPC Capture CoatingEPC Capture Coating

•• SubstratesSubstrates
–– 316 L Stainless Steel316 L Stainless Steel

•• Dextran Plasma DepositionDextran Plasma Deposition
•• Fullerene (C60) CoatingFullerene (C60) Coating

–– Expanded poly(Expanded poly(tetrafluoroethylenetetrafluoroethylene) [) [ePTFEePTFE]]
•• Dextran Plasma DepositionDextran Plasma Deposition
•• Fullerene (C60) CoatingFullerene (C60) Coating

•• EPC Cell Marker TargetsEPC Cell Marker Targets
–– CD34CD34
–– AC133/CD133AC133/CD133



11h explant h explant –– Bare RBare R--StentStent



11h explant h explant –– Antibody Coated Antibody Coated 
RR--StentStent



4848h explant h explant –– Bare RBare R--StentStent

Ab Ab coated coated -- SSTSST Control Control -- SSTSST



4848h explant : Antibody Coated h explant : Antibody Coated 
RR--StentStent



In Vivo EPC Capture : 48 hoursIn Vivo EPC Capture : 48 hours

1010XX
DextranDextranDextran

AA BB

Dextran + antibodyDextran + antibodyDextran + antibody
1010XX

3.0 3.0 mm R stents with mm R stents with 
AntibodyAntibody

48 hours post implant48 hours post implant

Stained with anti VEGFRStained with anti VEGFR--22



Dextran/AntiDextran/Anti--CD34 Coated StentCD34 Coated Stent

Dextran+AbDextran+Ab
A B C D



In vitro EPC CaptureIn vitro EPC Capture

0

500

1000

1500

2000

2500

1 5 15 60

SST

Dextran
CD34 Ab

0

500

1000

1500

2000

2500

1 5 15 60

SST

Dextran
CD34 Ab

Time (minutes)Time (minutes)

C
el

ls
/m

m
C

el
ls

/m
m

22

Kutryk et al. 2003



In Vivo EPC Capture In Vivo EPC Capture –– 28 Day 28 Day 
HistologyHistology

Bare Bare 
Stainless Stainless 
SteelSteel

EPC EPC 
CapturingCapturing



•• Proven AntiProven Anti--platelet Activity through platelet Activity through GP GP IibIib//IIIaIIIa..

•• Alpha V / Beta 3Alpha V / Beta 3 antibody activity,  which may captureantibody activity,  which may capture

EPC cells.EPC cells.

•• AntiAnti--inflammatory activity on inflammatory activity on neutrophilneutrophil and and 
monocytemonocyte by whiteby white--cell adhesion, whitecell adhesion, white--cellcell--platelet platelet 
interactions, and the inflammatory response to vessel interactions, and the inflammatory response to vessel 
injury through injury through macrophagemacrophage--1 receptor1 receptor..

This Presentation has conflict of interest with This Presentation has conflict of interest with Humed Humed ltdltd

ReoProReoPro®® ((AbciximabAbciximab))



SEM Findings of SEM Findings of ReoProReoPro®®--Coated Coated StentStent

1 1 X 30                                   1 X 500X 30                                   1 X 500

1 1 X 5,000                               1 X 20,000X 5,000                               1 X 20,000



SEM of ReoPro® Grafting after Washing Test

BA

C D

Stent surface of ReoPro® grafting; immediately (A), 5 hours (B), 
2 weeks (C), 4 weeks (D) after washing test. Magnification 250×



In vitro Screening of ReoPro® Release from Stent 

A B

Right upper panel revealed absorbance in concentration of control 
drug



Platelet GP Platelet GP IIbIIb//IIIaIIIa Receptor Blocker Receptor Blocker 
((ReoProReoPro))--Coated Coated StentStent in A Porcine Modelin A Porcine Model

Control Control stent    ReoProstent    ReoPro--coated coated stentstent
↓↓

AntiAnti--thromboticthrombotic, anti, anti--proliferativeproliferative
and antiand anti--inflammatory inflammatory stentstent

CNUH data. 2001 ACC and AHACNUH data. 2001 ACC and AHA



First Clinical Experience of First Clinical Experience of ReoProReoPro®®--Coated Coated StentStent

ReoProReoPro--coatedcoated
StentStent

n = 100 (82)n = 100 (82)
N = 200(164) patientsN = 200(164) patients

de novo, nativede novo, native
coronary artery

Randomized

coronary artery
Uncoated Uncoated 

StentStent
n = 100 (82)n = 100 (82)

Primary Endpoint
late loss and area stenosis measured by QCA

Cross sectional area by IVUS at 6 months
MACE at 6 months



Baseline Clinical Characteristics

3(3.7)3(3.7)2(2.4)2(2.4)Old myocardial infarctionOld myocardial infarction

1.001.0041(50.0)41(50.0)41(50.0)41(50.0)HTN(%)HTN(%)
1.001.0045(54.9)45(54.9)45(54.9)45(54.9)Smoking(%)Smoking(%)

0.9750.97563.063.0±±11.811.863.063.0±±10.110.1LV Ejection fraction(%)LV Ejection fraction(%)

22(26.8)22(26.8)20(24.4)20(24.4)ST elevation MIST elevation MI
7(8.5)7(8.5)9(11.0)9(11.0)NonNon--ST elevation MIST elevation MI

43(52.4)43(52.4)42(51.2)42(51.2)Unstable anginaUnstable angina
7(8.5)7(8.5)9(11.0)9(11.0)Stable anginaStable angina

0.9380.938Clinical Diagnosis(%)Clinical Diagnosis(%)
0.2310.23112(14.6)12(14.6)19(23.2)19(23.2)Diabetes mellitus(%)Diabetes mellitus(%)
0.7410.74126(31.7)26(31.7)29(35.4)29(35.4)Hypercholesterolemia(%)Hypercholesterolemia(%)

0.1490.14957(69.5)57(69.5)66(80.5)66(80.5)Male(%)Male(%)
0.4630.46357.357.3±±10.510.556.156.1±±10.010.0Age(YO)Age(YO)

PPControl(n=82)Control(n=82)ReoProReoPro(n=82)(n=82)

ACS   
85%



Angiographic Characteristics (I)

60(73.2)60(73.2)53(70.7)53(70.7)TIMI flow 3TIMI flow 3
17(20.7)17(20.7)21(25.6) 21(25.6) TIMI flow 2TIMI flow 2

1(1.2)1(1.2)1(1.2)1(1.2)TIMI flow 1TIMI flow 1
4(4.9)4(4.9)2(2.4)2(2.4)TIMI flow 0TIMI flow 0

0.7220.722TIMI flow(%)TIMI flow(%)
2(2.4)2(2.4)1(1.2)1(1.2)Type CType C

17(20.7)17(20.7)8(9.8)8(9.8)Type B2Type B2
62(75.6)62(75.6)73(89.0)73(89.0)Type B1Type B1

0.1400.140ACC/AHA classification(%)ACC/AHA classification(%)
12(14.6)12(14.6)12(14.6)12(14.6)Left circumflex arteryLeft circumflex artery
52(63.4)52(63.4)49(59.8)49(59.8)Left anterior descending arteryLeft anterior descending artery
18(22.0)18(22.0)21(25.6)21(25.6)Right coronary artery Right coronary artery 

0.8520.852Diseased vessels(%)Diseased vessels(%)
PPControl(n=82)Control(n=82)ReoProReoPro(n=82)(n=82)

30%



Angiographic Characteristics(II)

0.6900.6903.293.29±±0.430.433.313.31±±0.340.34StentStent sizesize

0.4280.42817.417.4±±4.34.317.117.1±±1.11.1StentStent length(mm)length(mm)

8(9.8)8(9.8)10(12.2)10(12.2)Acute closure  Acute closure  

74(90.2)74(90.2)72(87.8)72(87.8)Elective and suboptimalElective and suboptimal

0.3770.377StentStent indicationindication(%)(%)

0.5470.5473.273.27±±0.430.433.313.31±±0.330.33Balloon sizeBalloon size

0.1570.15720.220.2±±1.51.520.020.0±±0.80.8Balloon lengthBalloon length

PrePre--dilation ballooningdilation ballooning

PPControl(n=82)Control(n=82)ReoProReoPro(n=82)(n=82)



Quantitative Coronary Angiographic Results

212.7212.7±±63.163.1198.6198.6±±56.456.4FollowFollow--up duration(days)up duration(days)

0.0040.0040.890.89±±0.410.410.350.35±±0.300.30Late loss (mm)Late loss (mm)

0.7110.71113.913.9±±1.91.915.015.0±±1.81.8Lesion length (mm)Lesion length (mm)

0.6240.6242.972.97±±0.290.292.912.91±±0.370.37Reference diameter (mm)Reference diameter (mm)

0.0110.01134.434.4±±6.16.116.716.7±±5.55.5F/U Diameter F/U Diameter stenosisstenosis (%)(%)

0.0460.04617/54(31.5)17/54(31.5)9/58(15.5)9/58(15.5)RestenosisRestenosis rate (%)rate (%)

0.5040.50451(64.6)51(64.6)58(70.7)58(70.7)FollowFollow--up CAG (%)up CAG (%)

PPControlControl
(n=82)(n=82)

ReoProReoPro
(n=82)(n=82)



Total followTotal follow--up MACEup MACE

1.001.0079(96.3)79(96.3)79(96.3)79(96.3)Clinical followClinical follow--up number(%)up number(%)

0.7200.7205(6.2)5(6.2)3(3.7)3(3.7)NonNon--TLRTLR
1.001.000(0.0)0(0.0)0(0.0)0(0.0)CABGCABG

0.4930.49313(15.9)13(15.9)9(11.0)9(11.0)TLRTLR

0.4970.4972(2.4)2(2.4)0(0.0)0(0.0)Acute myocardial infarctionAcute myocardial infarction

1.001.000(0.0)0(0.0)0(0.0)0(0.0)Cardiac deathCardiac death

PPControlControlReoProReoPro

Long-term Clinical Results



TLR Including ACS and DM in 212 Patients
Will Be Less Than 10 %

F/U CAG & IVUS F/U CAG & IVUS 
at 6 ms after PCIat 6 ms after PCIPCI with PCI with ReoProReoPro--coated coated StentStent

53 53 YO Female, A YO Female, A InfInf STEMISTEMI

CNUH data. ESC 2004 and AHA 2004, Am J CNUH data. ESC 2004 and AHA 2004, Am J CardiolCardiol 2004 (in press)2004 (in press)



•• Inhibitory platelet activity by platelet glycoprotein Inhibitory platelet activity by platelet glycoprotein 
IIbIIb//IIIaIIIa receptorreceptor blocking and possibly blocking and possibly capture EPC on capture EPC on 
the internal the internal stentstent surface.surface.

•• AntiAnti--proliferativeproliferative activity on smooth muscle cells by activity on smooth muscle cells by 
inhibition of smooth muscle cell migration and inhibition of smooth muscle cell migration and 
proliferation through proliferation through vitronectinvitronectin receptorreceptor on the on the 
outside of the outside of the stent stent surface.surface.

•• AntiAnti--inflammatory activity on inflammatory activity on neutrophilneutrophil and and 
monocytemonocyte by whiteby white--cell adhesion, whitecell adhesion, white--cellcell--platelet platelet 
interactions, and the inflammatory response to vessel interactions, and the inflammatory response to vessel 
injury through CD 11b/18 or injury through CD 11b/18 or macrophagemacrophage--1 receptor 1 receptor 
on the both side of the on the both side of the stentstent..

ReoProReoPro®® ((AbciximabAbciximab))



Development of DES containing Development of DES containing 
AbxicimabAbxicimab

•• Plasma Polymerization process :Plasma Polymerization process :
=> Introduction of amine group on => Introduction of amine group on stentstent surface from    surface from    

EDA(EDA(ethylenediamineethylenediamine) & DACH () & DACH (diaminocyclodiaminocyclo--
hexane) using plasma polymerization.hexane) using plasma polymerization.

•• Grafting Grafting ReoProTMReoProTM process :process :
=> pH 5 sodium citrate solution (20ml) + => pH 5 sodium citrate solution (20ml) + carboXXXX carboXXXX 

+ + ReoProTMReoProTM (5ml)(5ml)
=> Activation for 8H in ice bath=> Activation for 8H in ice bath



Analysis through XPS
Peptide bond between end of ReoProTM with Carboxyl (-COOH) group 
and Amine (-NH2) group of EDA(Ethylenediamine) & DACH 
(Diaminocyclohexane)

According to creating Peptide bond , 
in XPS ’s data, analytic factor of C1s, 
N1s, O1s in fitting

==O : ~531.5 O : ~531.5 eV eV O1sO1s

Amine (Amine (--NHNH22): ~399.0 ): ~399.0 eV  eV  
CC--N : 400.0 N : 400.0 eV eV N1sN1s

KetoneKetone (C=O): ~288.0 (C=O): ~288.0 eV eV C1sC1s



Observation through SEMObservation through SEM

DACHDACH

EDAEDA



12.0512.050.002280.002280.009420.009425(55(5days)days)

18.7818.780.002940.002940.008810.008814(34(3days)days)

29.1729.170.004560.004560.013690.013693(33(3days)days)

21.4121.410.003370.003370.006740.006742(22(2days)days)

33.2733.270.005210.005210.010410.010411 (21 (2days)days)

Avg.Amount of Avg.Amount of 
release (release (μμg)g)

Intensity Intensity 
/ days/ days

IntensityIntensityTimeTime

15.8615.860.00250.00250.01240.01245(55(5days)days)

7.367.360.001150.001150.003450.003454(34(3days)days)

21.7121.710.00350.00350.01040.01043(33(3days)days)

27.8227.820.004350.004350.00870.00872(22(2days)days)

25.2225.220.003950.003950.00790.00791 (21 (2days)days)

Avg.Amount of Avg.Amount of 
release (release (μμg)g)

Intensity Intensity 
/ days/ days

IntensityIntensityTineTine

Release Behavior Release Behavior 
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Stability of Dried Stability of Dried ReoProReoPro

9898999910010084 84 nMnM
(4 (4 ugug/ml)/ml)

39.339.34949505042 42 nMnM
(2 (2 ugug/ml)/ml)

66779.19.121 21 nMnM
(1 (1 ugug/ml)/ml)

000000
SalineSaline
controlcontrol

DryDry--ReoProReoPro
(21 days)(21 days)

DryDry--ReoProReoPro
(1 Day)(1 Day)

FreshFresh--
ReoProReoPro

Platelet aggregation Inhibition (%)Platelet aggregation Inhibition (%)
Conc. (Conc. (nMnM))



DES using AntibodiesDES using Antibodies

1)1) Antibody coated Antibody coated stentstent will be a another spectrumwill be a another spectrum

of DESof DES

2) DES with 2) DES with ReoPro ReoPro will be a potential next generation will be a potential next generation 

of drug coatingof drug coating stentstent which do not need long which do not need long 

duration of duration of PlavixPlavix..



ThanksThanks

1)1) 휴메드휴메드: : 류용선류용선 박사박사

2)2) 성균관성균관 대학교대학교: : 정동준정동준 박사박사

3)3) 전남대학교전남대학교: : 정명호정명호 교수교수

4)4) 연세대연세대 심혈관연구소심혈관연구소 정광회정광회 교수교수
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