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LISTA DE ABREVIATURAS - PORTUGUES

ADF - Aterectomia direcional fracionada

ACTP - angioplastia corondria transluminal percutanea
AVC - acidente vascular cerebral

BVS - stent bioabsorvivel (bioresorbable vascular scaffold)
CRM - cirurgia de revascularizacdo miocardica

DAC - Doenga arterial coronariana

DCYV - Doenga cardiovascular

DES - Stent farmacologico (drug eluting stent)

DM - Diabetes

DMID - diabetes insulino-dependente

DNA - Acido desoxirribonucléico

ECR - ensaio clinico randomizado

EG - Expressao génica

IAM - infarto agudo do miocardio

OR - odds ratio

RNA - Acido ribonucléico

TLR - Taxa de revascularizagao da lesdo alvo (target lesion revascularization)



LISTA DE ABREVIATURAS - INGLES

APC - Anaphase promoting complex

BUB - Budding uninhibited by benzimidazole
IVUS - Intravascular ultrasound

MAD?2 - Mitotic arrest deficient 2

NFKB - Nuclear factor kappa B

NO - Nitric oxide

PCI - Percutaneous coronary intervention
PKG - Protein Kinase G

VASP - Vasodilatory - stimulated phosphoprotein



RESUMO

Introduciio: A reestenose permanece sendo o principal desafio pos-implante de stents. Pacientes
diabéticos apresentam doenca corondria mais severa e taxas de reestenose que podem chegar a
valores proximos a 20%. A busca por novas tecnologias que visem reduzir a proliferacdo neointimal
¢ constante, com o objetivo de reduzir a incidéncia de revasculariza¢do da lesdo alvo. A terapia
génica vem ganhando espago no tratamento de inimeras doengas, embora ainda tenha um papel
pouco expressivo no tratamento da doenga aterosclerotica e da reestenose intrastent.

Métodos: Placas ateroscleroticas de quarenta pacientes com doenga coronariana sintomatica foram
obtidas por aterectomia direcional, que antecedeu o implante de stent ndo farmacoldgico. A analise
do RNA de mais de 22.000 genes destas placas foi realizada com o Affymetrix GeneChip
microarray system.

Resultados: As placas de 28 pacientes foram consideradas adequadas para analise e inclusdo no
estudo. Destas, 10 eram de pacientes diabéticos. O microarranjo demonstrou 9 genes com expressao
génica aumentada nas placas ateroscleroticas dos diabéticos e 6 nas dos ndo diabéticos, com p <
0,01. Entre os genes mais expressos nos diabéticos, 2 estdo envolvidos em processos
fisiopatologicos que podem estar relacionados com a aterosclerose e a reestenose intrastent (VASP e
MAD2L1BP).

Conclusio: O estudo em questdo identificou genes que podem estar relacionados a maior gravidade
da doenga aterosclerdtica e a maior incidéncia de reestenose pds implante de stent corondrio em
pacientes diabéticos. Esses dados apontam genes que podem ser potenciais alvos em pesquisas de

terapia génica.

Palavras-chave: doenca coronariana aterosclerdtica, expressao génica, microarranjo, aterectomia,

reestenose intrastent.



ABSTRACT

Background: Restenosis remains the main challenge after stent implantation. Diabetic patients
have more severe coronary disease and restenosis rates that can reach to 20%. The search for new
technologies with the intention of reducing neointimal proliferation is constant, aiming to reduce the
incidence of revascularization of target lesion. Gene therapy has been gaining ground in the
treatment of numerous diseases, although it still plays a less expressive role in the treatment of
atherosclerotic disease and intrastent restenosis.

Methods: Atherosclerotic plaques from forty patients with symptomatic coronary disease were
obtained by directional atherectomy, which preceded the implantation of a non-pharmacological
stent. RNA analysis of more than 22,000 genes from these plaques was performed with the
Affymetrix GeneChip microarray system.

Results: Plaques from 28 patients were considered adequate for analysis and inclusion in the study.
Of these, 10 were from diabetic patients. The microarray showed 9 overexpressed genes in
atherosclerotic plaques of diabetics and 6 in non-diabetic patients, with p <0.01. Among the
overexpressed genes in diabetics, 2 are involved in pathophysiological processes that can be related
to atherosclerosis and intrastent restenosis (VASP and MAD2L1BP).

Conclusion: In this study, genes that may be related to the greater severity of atherosclerotic
disease and the higher incidence of post-implantation restenosis of coronary stents in diabetic
patients were identified. These data point to genes that may be potential targets in gene therapy

research.

Kevwords: atherosclerotic coronary disease, gene expression, microarray, atherectomy, intrastent

restenosis.



INTRODUCAO

As doengas cardiovasculares (DCV) representam importante problema de satde publica em
todo o mundo, uma vez que constituem nao s6 a principal causa de mortalidade como também uma
das mais importantes causas de morbidade, gerando altos custos em assisténcia médical. A doenga
arterial coronariana (DAC) representa grande parcela das DCV e caracteriza-se pela presenga de

placas de ateroma nas artérias coronarias, resultando em estreitamento luminal destas com

< , . . ., a2
consequente reducao do fluxo sanguineo e isquemia/necrose miocardica .

Os fatores de risco envolvidos no processo de aterosclerose ja sdo amplamente conhecidos e

3 ) . T
estudados . Dentre eles, o diabetes (DM) tem mostrado grande relagdo com a incidéncia e a

gravidade da doenga arterial coronariana e ¢ um grande adversario as terapéuticas vigentes

principalmente por se tratar de um do principais fatores associados a reestenose pos-implante de
stents corondrios. . Pesquisas laboratoriais e clinicas realizadas nas ultimas décadas identificaram

as principais vias bioquimicas envolvidas no desenvolvimento da doenca aterosclerdtica em
pacientes diabéticos: 1) superproducdo de espécies reativas de oxigénio, 2) aumento da formacao de

produtos finais de glicacdo avancada (AGEs) e ativacdo do receptor AGEs, 3) ativacao da via do

. ~ , . . ~ )
Polyol, 4) ativagdo de proteina kinase C e 5) inflamacao vascular cronica .

A defini¢do dos componentes e processos fisiopatologicos da placa aterosclerdtica e

reestenotica €, portanto, crucial para o entendimento dos mecanismos que possam estar implicados

) . .6 , S, . . ~
em sua instalacdo e progressao . Porém, os eventos bioquimico-moleculares envolvidos ainda nao

foram suficientemente esclarecidos. Impde-se portanto, a necessidade de aprofundar a investigagao

agregando novas tecnologias, como as andlises gendmicas, a fim de identificar possiveis genes
7,8,9,10,11

envolvidos que possam ser alvo para o desenvolvimento de novas terapias
A partir da codificagdo do genoma humano, novos avangos tem sido possiveis no
entendimento da patogénese de inumeras doencas. Avangos recentes no campo da tecnologia de

genotipagem, permitiram a identificacdo de genes implicados em diversas rotas fisiopatologicas da

12,13
aterosclerose
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A grande maioria dos seres vivos utilizam &cidos nucléicos para armazenar informagao
genética. O 4cido desoxirribonucléico (DNA) armazena informagdo, a qual determina a sequéncia
do 4cido ribonucleico (RNA) que, por sua vez, determina a estrutura das proteinas. Expressao
génica (EG) € o processo em que o material genético contido em um gene (sequéncia de DNA) gera
um produto funcional, seja RNA ou proteinas. Este processo pode ser regulado, dando a célula
controle sobre sua fun¢do, o que consiste na base molecular para a adaptagdo dos organismos ao
ambiente. Esta regulagdo da EG pode ser modulada em vérias etapas, incluindo a transcri¢ao

(producdo de RNA a partir do DNA), tradugdo (producdo de proteinas a partir do RNA) e a

)l

. ~ I3 . s 1
modificacdo pds-traducional de uma proteina

A técnica de microarranjo, por sua particularidade em permitir o rastreamento de milhares

de genes na amostra assim como a realizacdo de comparagdes entre as diferentes apresentagdes

. . L L 15, 16, 17 ) ) .
clinicas e fisiopatologicas, possibilitou a realizagao deste estudo . Os microarranjos sao

utilizados na detec¢do e quantificacdo de acidos nucléicos provenientes de amostras biologicas, as
quais sdo postas para hibridizar com o DNA fixado no microarranjo. O diferencial desta técnica ¢

que permite a determinacdo da expressdo diferencial de milhares de genes num Unico

. 18, 19, 20
experimento .

Um possivel problema encontrado na andlise de dados de microarranjo ¢ o fato de que o
nimero de observagdes por amostra ¢ muito maior do que o nimero de amostras no experimento.
Esta condi¢ao impossibilita a utilizagdo de métodos multivariados classicos para covariancias entre
os niveis de expressdo dos diferentes genes. Além disso, pelo mesmo motivo, procedimentos

comuns para ajustes de multiplos testes tornam-se muito conservadores, diminuindo

significativamente o poder do teste para detec¢do de diferengas na expressao génica21

Em tratando-se da analise génica de placas ateroscleroticas, tem-se grande dificuldade de
obtencdo de material in vivo. A unica técnica percutanea que possibilita a extracdo de material em
quantidade suficiente para este tipo de analise ¢ a aterectomia direcional fracionada (ADF). Esta
técnica foi originalmente desenvolvida para ser adjuvante nas intervengdes corondrias percutaneas
em detrimento do uso do cateter baldo. E um método capaz de remover substancialmente a lesdo
obstrutiva por utilizar um cateter com uma janela de corte que, por rotagdo, permite a retirada da
placa. O tecido removido pela ADF pode ser submetido a diversas andlises, incluindo microscopia,

imunohistoquimica e analises génicas, sendo de grande valia na ampliagdo do entendimento sobre a

11



aterosclerose coronariana. Do ponto de vista assistencial, 0 método ndo ¢ mais utilizado por ndo

haver superioridade em desfechos clinicos com seu uso, comparativamente com técnicas padrao

~ . 22,23 . . ~
com cateter baldo e implante de stent . Assim, estudo com semelhante metodologia de extragdo

de placas ateroscleroticas sera muito dificil reprodutibilidade.
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REFERENCIAL TEORICO

A relagdo entre o diabetes e a e presenca de doenca arterial coronariana ja ¢ conhecida a
bastante tempo. Dados do Estudo de Framingham publicados em 1979 demonstraram uma
incidéncia de DAC duas vezes maior em homens e trés vezes maior nas mulheres com diabetes
(DM) quando comparados aos ndo diabéticos!. No estudo MRFIT, que analisou preditores de
mortalidade por DCV em homens com e sem DM, 9,7% dos pacientes em tratamento para diabetes
morreram vs 2,6% dos pacientes sem DM dentro de um periodo de observagdo de 12 anos?. O
estudo INTERHEART analisou o efeito dos fatores de risco modificaveis (tabagismo, hipertensao,
diabetes, relagdo cintura/quadril, dieta, atividade fisica, consumo de alcool e niveis séricos de
apolipoproteinas) com a incidéncia de infarto do miocéardio. Em relacdo ao diabetes, foi observada
um razio de chances de 2,37 para o desfecho primario3. Metanalise que incluiu 102 estudos e mais
de 530 mil pacientes sem histéria de angina, infarto agudo do miocardio (IAM) ou acidente vascular
cerebral (AVC) demonstrou que pacientes diabéticos apresentam risco duas vezes maior de eventos
cardiovasculares em rela¢do aos ndo diabéticos®.

Além de a DM estar fortemente associada com o desenvolvimento de DAC, pacientes com
diabetes apresentam uma incidéncia maior de doenga multivascular. O estudo TAMI, foi desenhado
para avaliar os desfechos de pacientes diabéticos submetidos a terapia trombolitica e suas
caracteristicas angiograficas. Foram analisadas as cinecoronariografias de 148 pacientes com
diabetes e 923 sem diabetes. Observou-se que pacientes com DM tinham DAC mais severa (66%
vs 46%, p < 0,0001)°. Outro estudo analisou a cinecoronariografia de 2253 pacientes e observou
que lesdes com estenose > 50% eram mais prevalentes nos diabéticos em relagcdo aos nao diabéticos
(85% vs 67%, p < 0,0001). Além disso, estes Ultimos apresentavam mais doenca trivascular (36%
vs 17%, p< 0,0001)°.

As principais explicacdes para esta maior prevaléncia e maior gravidade da DAC nos
pacientes diabéticos sdo as seguintes’:

1- Disfun¢do endotelial: foi documentada em pacientes diabéticos com artérias corondrias

normais e sem outros fatores de risco. O grau de disfuncdo apresenta relagdo com a duracdo do
diabetes e com a presenca de resisténcia a insulina.

2- Ativacdo plaquetaria: o diabetes predispde a trombose por aumentar a agregacao
plaquetaria devido a sua agdo sobre a tromboglobulina ¢ o fator plaquetario 4 e por levar a um
aumento da expressdo da glicoproteina IIb/IIla na superficie das plaquetas, estimulando sua ligagao
com o fibrinogénio.
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3- Sistema de coagulagdo: eleva os niveis de fibrinogénio e reduz a atividade fibrinolitica

por aumento da concentrag@o do inibidor do ativador do plasminogénio.

4- Composicao da placa: observam-se placas de ateroma ricas em lipidio e com maior

inflitragdo de macrofagos, achados que estdo associados com maior risco de instabilizagdo e ruptura
de placa.

Pacientes com diabetes que sdo submetidos a angioplastia coronariana (ACTP) apresentam
maiores taxas de reestenose € menores taxas de sobrevida livre de eventos. Em uma analise de 6
meses de 3090 pacientes submetidos a implante de stent ndo farmacoldgico, dos quais 418 tinham
DM, observou-se maior taxa de reestenose nos diabéticos (31% vs 21%, p < 0,001)%. O estudo
J-Cypher, que incluiu pacientes submetidos a implante de stent farmacoldgico, analisou 10.778
pacientes (966 DM insulino-dependentes, 3404 DM nio insulino-dependentes e 6378 sem DM). Em
3 anos, a taxa de revascularizagdo da lesdo alvo foi superior nos pacientes diabéticos com e sem uso
de insulina quando comparados aos ndo DM (19%, 14% e 10% respectivamente)?®.

O principal mecanismo relacionado a reestenose intrastent ¢ a proliferacdo neointimal que se
origina a partir do trauma vascular pés-implante do stent, que leva a migragao de células musculares
lisas da camada média para a intima, com a subsequente produc¢do de matriz extracelular!®!-12, Em
uma etapa precoce em relacdo a descrita acima, ocorre um processo inflamatorio que envolve
deposi¢do de macréfagos, neutrédfilos, plaquetas e fribina no local de injtria endotelial!3. O conceito
de reestenose angiografica bindria ¢ a perda luminal > 50% vista na angiografia de controle.
Reestenose clinica se refere a reestenose bindria associada a presenga de angina ou sinais de
isquemia em testes funcionais, ou entdo reestenose > 70% independente de sintomas ou sinais de
isquemia'4.

Na década de 70, iniciou-se a implementacdo de uma nova técnica como alternativa para a
cirurgia de revascularizagdo miocardica cirurgica: a angioplastia coronaria com baldo. No entanto,
as taxas de complicagdes com esta técnica (especialmente recoil do vaso, disseccdo e reestenose)
chegavam a 40%. Com o objetivo de resolver estas complica¢des, foram desenvolvidas protese
intracoronarias metalicas (stents). Os stents reduziram drasticamente a ocorréncia de recoil e
disseccao coronariana. No entanto, o mesmo efeito ndo foi observado com tanta intensidade nas
taxas de reestenose, que ainda se mantiveram elevadas!>-16-17,

Em metandlise de 6 grandes estudos com stents ndo farmacoldgicos publicada em 2002,
totalizando 6186 pacientes, a taxa de revascularizagdo da lesdo alvo (TLR) em 1 ano foi de
12,2% . Dos preditores de reestenose, o de mais forte associacdo foi a presenca de diabetes (OR de

1,49)18,
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O desenvolvimento e aperfeicoamento dos stents farmacoldgicos (DES) e dos métodos
adjuntos utilizados para o auxilio no implante dos stents foi de extrema importancia para a reducao
da incidéncia de reestenose intrastent. Apesar disto, as taxas de reestenose pos-implante dos DES
podem atingir valores proximos a 20%. Isto depende de fatores técnicos e anatomicos (tipo de stent
utilizado, tempo de seguimento, complexidade da lesdo tratada, niimero de vasos tratados e de
stents implantados) e de fatores de risco clinicos, tais como diabetes, sexo feminino, hipertensao e
indice de massa corporal. Dentre os fatores clinicos, o diabetes vem se mostrando como o principal
fator de risco para reestenose!®.

Em estudo que incluiu 1845 pacientes (2093 lesdes tratadas) submetidos ao implante DES
de primeira geracdo eluido com sirolimus (Cypher, Johnson) ou paclitaxel (Taxus, Boston),
analisou-se preditores independentes de reestense intrastent. Foi realizada cinecoronariografia de
controle em 1495 pacientes e identificou-se de reestenose angiografica em 13%. Apos andlise
multivariada, os principais preditores de reestenose foram: diametro do vaso (OR 1,74 para cada 0,5
mm de decréscimo), didmetro final da estenose (OR 1,3 para cada 5% de aumento) e sirolimus vs
paclitaxel (OR 0,6). Dados deste estudo mostraram que o tipo de stent utilizado tem impacto sobre
as taxas de reestenose®’.

Em coorte consecutiva do estudo RESEARCH, com 238 pacientes com doenca coronariana
complexa (441 lesdes) tratados com implante de DES de primeira geragdo eluido com sirolimus
(Cypher, Johnson), avaliou-se fatores clinicos, angiograficos e relacionados ao procedimento
associados com reestenose. Em 6 meses, 70% dos pacientes foram submetidos a nova
cinecoronariografia. A incidéncia da reestenose foi de 7,9%, e os preditores associados a reestenose
foram reestenose intra-stent prévia (OR 4,16), lesdes ostiais (OR 4,84), comprimento da lesdo (OR
1,42 para cada 10 mm de stent), didmetro de referéncia (OR 0,46 para cada 1 mm de aumento),
tratamento da artéria descendente anterior esquerda (OR 0,3) e diabetes (OR 2,63). Baseados nestes
dados, podemos ver que a maioria dos fatores associados a reestenose intrastent sdo relacionadas as
caracteristicas angiograficas da lesdo, exceto a presenga de diabetes!?.

Atualmente , os DES disponiveis no mercado para uso clinico sdo os de segunda geragao.
Observam-se entre eles algumas diferencas em relagdo ao material e desenho da plataforma, tipo de
polimeiro (durdvel ou bioabsorvivel) e droga antiproliferativa. Os stents de segunda geragdo
possuem hastes mais finas, facilitando a navegabilidade e entrega do dispositivo, e polimeros mais
biocompativeis, reduzindo a resposta inflamatoria e proporcionando uma reendotelizagdo mais

rapida.

17



O ensaio clinico randomizado Resolute All-Comers comparou DES de segunda geragdo
eluido com zotarolimus (Resolute, Medtronic) e stent eluido com everolimus (Xience V, Abbott).
Foram avaliados desfechos clinicos e preditores da necessidade de nova revascularizacdo em 4
anos. Entre os 2292 pacientes divididos nos dois grupos, ocorreu 8,6% de falha de tratamento da
lesdao alvo (TLR). Os preditores independentes de TLR foram idade, diabetes em uso de insulina
(DMID), SYNTAX score, stent implantado em ponte de safena, lesdes ostiais e tratamento de
reestenose prévia. O odds ratio (OR) de TLR em pacientes com DMID foi de 1,972,

No estudo EVOLVE II, que comparou DES de segunda geracdo com polimero bioabsorvivel
com DES de segunda geracdo com polimero durdvel, foram avaliados 1684 pacientes com angina
estavel ou sindrome coronariana aguda sem supradesnivenamento do segmento ST. Na analise do
desfecho primario em 12 meses, observou-se falha do tratamento da lesdo alvo de 6,7% no grupo do
polimero bioabsorvivel e 6,5% no grupo de polimero duravel (p = 0,83)%2.

Outros dois estudos que compararam stents de segunda geracdo com polimeros
bioabsorviveis vs. polimeros durdveis nao demonstraram diferencas significativas entre os
desfechos primarios analisados. No estudo NEXT, que incluiu 3235 pacientes, a taxa de
revascularizagdo da lesdo alvo em 12 meses foi de 4,2% em ambos os grupos®. No estudo
BIOSCIENCE, ao final de 5 anos de seguimento, nao houve diferenca no desfecho primario (morte
cardiaca, infarto e indicagdo clinica de revascularizagao da lesdo alvo) entre os grupos de polimero
bioabsorvivel e duravel (20,2% vs 18,8%)%*.

Metandlise de 16 ensaios clinicos randomizados (ECR) de 2017, totalizando 19.886
pacientes, comparou stents farmacologicos de segunda geracdo com polimero duravel vs. stents
com polimeros bioabsorviveis. Nao houve diferenca significativa entre os dois grupos de stents em
relacdo a morte, infarto, trombose de stent ou necessidade de revascularizagdo da lesdao alvo.
Desfechos semelhantes foram observados em sub-andlise por tipo de droga antiproliferativa,
material da plataforma ou espessura das hastes dos stents?>.

Os stents foram desenvolvidos com o objetivo de prevenir recoil do vaso, tratar dissec¢ao
coronariana apos angioplastia por baldo, e reduzir a reestenose, que ocorre principalmente entre 6 €
12 meses apOs a angioplastia. Em contrapartida, as desvantagens atribuidas a presenga do
dispositivo no vaso a longo prazo sdo inimeras: comprometimento permanente de lesdes ostiais em
bifurcagdes, prejuizo na imagem de métodos ndo invasivos para avaliagao da anatomia coronariana,
maior dificuldade técnica na anastomose de enxerto em cirurgia de revascularizag¢do, inflamagao

persistente com comprometimento da fungdo vasomotora da coronaria e formacdo de
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neoaterosclerose?®. Tendo em vista que os beneficios da permanéncia do stent apds o primeiro ano
parecem ser limitados, foram desenvolvidas proteses totalmente biodegradéveis.

O estudo ABSORB III, com 2008 pacientes, comparou o uso de stent farmacoldgico
bioabsorvivel (BVS) com DES de segunda geracdo. No seguimento de 3 anos, foram observadas
taxas de falha da lesdo tratada de 13,4% no grupo BVS e 10,4% no grupo DES (p = 0,06). A
incidéncia de IAM relacionado ao vaso tratado e trombose de stent foi de 8,6% vs 5,9% (p =0,03) e
2,3% vs 0,7% (p = 0,01) entre os grupos BVS ¢ DES, respectivamente?’.

Em 2017 foi publicada uma metandlise de 7 estudos, totalizando 5.583 pacientes, que
comparou BVS com DES de segunda geracdo. Demonstrou-se, em um tempo médio de seguimento
de 2 anos, falha de tratamento da lesao alvo de 9,6% vs 7,2% (p = 0,003) e de trombose de stent de
2,4% vs 0,7% (p < 0,0001) para BVS ¢ DES, respectivamente?®.

Ap6s o resultado destes estudos, as sociedades de hemodindmica sugeriram a suspensdo do
uso dos BVS até que novos dados demonstrem evidéncia de sua seguranga.

Na comparagado entre revascularizacio percutanea (ACTP) vs cirargica (CRM) em pacientes
com anatomia propicia para ambos os tratamentos, observa-se que, na maioria dos estudos, que a
grande causa de inferioridade dos stents em relacdo a CRM ¢ a necessidade de revascularizagao da
lesdao alvo. Quando inclui-se apenas pacientes diabéticos nesta analise, as diferencas nos desfechos
sdo ainda mais relevantes. No estudo CARDia, foram incluidos 510 pacientes diabéticos e com
doenca multivascular, randomizados para tratamento percutaneo (incluiu stent ndo farmacologico e
farmacologico) vs cirtirgico. O desfecho primario foi composto de morte por todas as causas, [AM e
AVC e o desfecho secundario incluiu os componentes do desfecho primario somados a necessidade
de revascularizagdo da lesdo alvo. Quando analisou-se o desfecho primario em 1 ano, ndo houve
diferenga significativa entre os grupos ACTP vs CRM (13% vs 10,5%, p = 0,39). No entanto,
quanto ao desfecho secundario, observou-se diferenga significativa (19,3% vs 11,3%, p = 0,02), fato
este que deveu-se a maior incidéncia de revascularizagdo da lesdo alvo?®. O estudo SYNTAX, que
incluiu apenas pacientes submetidos a ACTP com stent farmacoldgico, comparou ACTP x CRM em
pacientes com doenga coronariana trivascular ou lesdo de tronco da corondria esquerda. Entre os
pacientes incluidos, 452 eram diabéticos. Ao final de 5 anos, a taxa de revascularizacdo da lesdo
alvo e a mortalidade foi superior em diabéticos vs ndo diabéticos (29% vs 19% e 20% vs 12%,

respectivamente).

O estudo FREEDOM foi 0 maior ensaio clinico randomizado que comparou CRM vs ACTP

com DES (a maior parte, de primeira geracdo) em pacientes diabéticos com doenga coronariana
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multivascular. Foram incluidos 1900 pacientes e o desfecho primario avaliado foi composto de
morte por qualquer causa, IAM nao fatal ¢ AVC nao fatal. Na andlise em 5 anos, o desfecho
primario foi mais frequente no grupo ACTP (26,6% vs 18,7%, p = 0,005). Quando foram analisados
os desfechos isolados, as incidéncias foram as seguintes: morte (16,3% vs 10,9%, p = 0,049), IAM
nao fatal (13,9% vs 6,0%, p < 0,001), AVC ndo fatal (2,4% vs 5,2%, p = 0,03) e revascularizagdo
da lesdo alvo (12,6% vs 4,8%, p < 0,001 - este desfecho avaliado em 1 ano) para ACTP vs CRM
respectivamente’”.

O desenvolvimento dos DES reduziu significativamente a reestenose intrastent e a
necessidade de revascularizagdo da lesdo alvo. No entanto, em alguns subgrupos de pacientes com
anatomia coronariana complexa e em pacientes diabéticos, a reestenose ainda ¢ um importante
desafio. Por essa razdo, ha interesse no desenvolvimento de novas drogas no combate a reestenose
intrastent. Diversas linhas de tratamento na area médica vém sendo desenvolvidas a partir da
identificacao de alvos génicos. Na area cardiovascular este ¢ um campo ainda pouco explorado.

Estudo publicado em 2009 analisou placas aterosclerdticas e reestenoticas de caroétidas
retiradas por endarterectomia. A analise destas placas mostrou alteracdo da expresdo génica de 13
dos 96 genes analisados. Quando comparadas placas ateroscleroticas com reestendticas, observou-
se aumento da expressdao do ativador do inibidor do plasminigénio (PAI-1), do inibidor tecidual da
metaloproteinase (TIMP-1), das pro-metaloproteinases 2 ¢ 9 e da atividade da metaloproteinase 2
nas placas ateroscleréticas’!. Outro estudo analisou material aterosclerdtico e reestendtico de
coronarias retirado por aterectomia direcional. Foram analisadas a expressao do receptor do fator de
crescimento ligado a insulina 1 (IGF-1) e 5 proteinas ligantes de IGF. IGF-1 e as proteinas ligantes
ndo foram localizados em células musculares lisas de corondrias normais, apenas nas placas
ateroscleroticas e reestenoticas. O receptor de IGF-1 foi mais expresso nas placas ateroscleroticas
em relagcdo as reestendticas. Estas alteracdes de expressdo génica encontradas sugerem que este
sistema pode estar associado a fisiopatologia da aterosclerose*?.

O estudo de maior impacto e com andlise do maior numero de genes foi publicado em 2005.
Dos 89 pacientes recrutados, apenas 47 apresentaram amostra suficiente para andlise génica (32
com lesdo de novo e 15 com lesdo reestendtica). Destes pacientes, apenas 1 no grupo aterosclerose e
2 no grupo reestenose eram diabéticos. O material foi coletado a partir de aterectomia rotacional e
foram analisados 22.000 genes. Observou-se maior expressao génica, no material reestenotico, do
subgrupo de genes relacionados ao pré-colageno tipo 1 alfa 2 e, no material aterosclerotico, do
subgrupo de genes do ADAM17/enzima conversora do fator de necrose tumoral alfa (ADAMI17/

TNF). Este ultimo subgrupo de genes parece estar associado a regulacdo do processo inflamatorio
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através da clivagem e liberacdo de proteinas transmembrana da superficie celular, dentre elas, o
TNF e os receptores do TNF. A presenga do TNF alfa ja foi identificada na superficie de
macrofagos, o que reforca ainda mais sua possivel associacdo com a fisiopatologia da aterosclerose.
Quanto aos genes relacionados ao colageno, sabe-se que sua inibi¢do poderia bloquear uma das
principais vias de formacdo da placa reestenética, j& que ¢ o principal componente da matriz
extracelular produzido pelas células musculares lisas’?. Apesar de inovador, o estudo apresenta
algumas limitagdes. A principal delas ¢ o fato de ndo haver a possibilidade de analisar alteracdes
génicas ao longo do tempo no mesmo paciente, comparando a expressdo génica da placa
aterosclerotica com a reestenotica, j4& que o material de cada grupo de pacientes foi misturado e

analisado em uma tnica placa de microarranjo.
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JUSTIFICATIVA E OBJETIVOS

O diabetes estd fortemente relacionado com a presenga de doenga aterosclerotica e ao processo de
reestenose pos-implante de stents corondrios. Tem-se como hipotese a possibilidade de haver
diferenga na expressdo de alguns genes entre as placas aterosclerdticas de pacientes com e sem

diabetes.

O estudo tem por objetivo realizar uma profunda analise génica de placas ateroscleroticas
com a finalidade de buscar possiveis alvos génicos para o desenvolvimento de novas terapias. Sera
analisada e comparada a expressao génica de placas aterosclerdticas de pacientes com e sem

diabetes, buscando identificar genes mais expressos que possam ser preditores de reestenose.
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ARTIGO ORIGINAL

Gene expression of atherosclerotic plaques in diabetic and non diabetic patients through the

analysis of plaque fragments obtained by coronary atherectomy
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Abstract:

Background: Restenosis remains the main challenge after stent implantation. Diabetic patients
have more severe coronary disease and restenosis rates that can reach to 20%. The search for new
technologies with the intention of reducing neointimal proliferation is constant, aiming to reduce the
incidence of revascularization of target lesion. Gene therapy has been gaining ground in the
treatment of numerous diseases, although it still plays a less expressive role in the treatment of
atherosclerotic disease and intrastent restenosis.

Methods: Atherosclerotic plaques from forty patients with symptomatic coronary disease were
obtained by directional atherectomy, which preceded the implantation of a non-pharmacological
stent. RNA analysis of more than 22,000 genes from these plaques was performed with the
Affymetrix GeneChip microarray system.

Results: Plaques from 28 patients were considered adequate for analysis and inclusion in the study.
Of these, 10 were from diabetic patients. The microarray showed 9 overexpressed genes in
atherosclerotic plaques of diabetics and 6 in non-diabetic patients, with p <0.01. Among the
overexpressed genes in diabetics, 2 are involved in pathophysiological processes that can be related
to atherosclerosis and intrastent restenosis (VASP and MAD2L1BP).

Conclusion: In this study, genes that may be related to the greater severity of atherosclerotic
disease and the higher incidence of coronary stents restenosis, in diabetic patients, were identified.

These data point to genes that may be potential targets in gene therapy research.

Keywords: atherosclerotic coronary disease, gene expression, microarray, atherectomy, intrastent

restenosis.
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Background

Since the appearance of intracoronary stents for the treatment of flow limitation present in
coronary atherosclerotic disease, research aimed to understand the physiopathology and the
treatment of intrastent restenosis has been a big challenge for interventional cardiologists!'?34. The
incidence of restenosis is quite variable, depending on the risk factors and the anatomical
characteristics of the lesion and treated vessel. Among these factors, diabetes has been strongly

associated with high rates of restenosis in clinical studies>.

The development of first and second-generation drug-eluting stents and, subsequently, the
emergence of bioabsorbable polymers and ultrathin-Strut stents has not yet completely solved the
in-stent reestenosis>07:89.10.11 Despite all new technologies in percutaneous coronary intervention
(PCI), target lesion revascularization can reach values close to 20%. When compared to surgical
treatment, PCI has been inferior, mainly due to the greater need for future revascularization!-13.
This difference is even more significant in the subgroup of diabetic patients. The development of
biodegradable scaffolds, although based on a quite plausible theoretical rationale, failed in large

clinical trials because of the high rates of stent thrombosis and target lesion failure!4-15.

Because of the reasons described above, the search for new technologies, whether related to
the development of new drugs or materials, is essential. The ideal drug should selectively block the
smooth muscle cell proliferation and extracellular matrix production without inhibiting early
reendothelization of the stent, reducing thereby the rates of restenosis and stent thrombosis and the

time of antiplatelet use.

This study has the objective to perform a deep genetic analysis of atherosclerotic plaques
and to identify possible genetic targets for the development of new therapies. The analysis and
comparison of the gene expression of atherosclerotic plaques of diabetic and non-diabetic patients

was done, seeking to identify possible predictors of restenosis.

Methods
Study Population

Forty patients with symptomatic de novo coronary artery disease who underwent coronary
stenting with adjunctive directional atherectomy were included in the study. Patients were excluded
if they required treatment for: (a) saphenous vein lesions, (b) ostial right coronary artery lesions, (c)

in-stent restenotic lesions, or (d) if they had a history of cardiac transplant, dilated or restrictive
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cardiomyopathy. The study was conducted following its approval by the ethics committee of

Hospital de Clinicas de Porto Alegre and all patients gave written informed consent.

Procedure

IVUS was performed before percutaneous coronary intervention to achieve plaque and
vessel data in order to help in the decision making of the stent size. Next, directional atherectomy
was performed with the Flexicut directional atherectomy device (Guidant Corp., Temecula, USA)
through an 8Fr guiding catheter as previously described!6. This atherectomy catheter has a 6Fr shaft
and an urging balloon available in 3 different diameters (2.5, 3.0, and 3.5 mm) that was inflated to
low pressure (about 0.5 atm) to allow proper apposition of the cutting window against the
atheromatous plaque. Once it is activated, the cutter rotates at a speed of 2,000 rpm and should be
slowly advanced to the distal end of the window to suck the excised material into the nosecone
located at the distal portion of the catheter. After atherectomy, all lesions received bare-metal stents
according to standard techniques followed by IVUS to confirm satisfactory stent expansion and

apposition. When necessary, stent post dilation followed by IVUS control was performed.

Quantitative Measurements

Quantitative coronary angiography and IVUS imaging were performed after bolus infusion
of intracoronary nitrates during the index procedure and at follow-up assessments. IVUS images
were acquired with a motorized pullback at a constant speed of 0.5 mm/s. Quantitative angiographic
analysis was performed by independent investigators at Hospital de Clinicas de Porto Alegre (Porto
Alegre, Brazil) and volumetric IVUS analyses was performed by independent core laboratory at UH

Hospitals (Cleveland, USA).

Genetic analysis and gene expression profiling

Atherectomy specimens were placed in RNA Stat 60, stored in liquid nitrogen and sent to
Millennium Pharmaceuticals (Cambridge, USA) for gene profiling analysis of more than 22,000
genes. RNA was isolated from atherectomy lesion samples by homogenization with a PowerGen
model 125 homogenizer (Thermo Fisher Scientific, Waltham, USA), followed by extraction with
0.2 volume chloroform, precipitation with 0.5 volume isopropanol, wash in 75% ethanol, and
suspension in RNase-free water. RNA concentration was measured by use of the NanoDrop

spectrophotometer (Thermo Fisher Scientific). RNA quality and purity were assessed with the use
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of the RNA 6000 pico or nano assay (Agilent 2100 Bioanalyzer; Agilent Technologies, Santa Clara,
USA).

Samples were labeled for gene expression profiling using the Affymetrix GeneChip
microarray system (Affymetrix, Santa Clara, USA). A standard T7-based amplification protocol
(Affymetrix) was used to convert RNA to biotinylated cRNA. Fragmented, biotin-labeled cRNA
was hybridized to Affymetrix GeneChip Human Genome U133A arrays according to standard
Affymetrix protocol. Operators, chip lots, and scanners (GeneArray 3000, Affymetrix) were
controlled throughout. Quality controls of arrays that used GeneChip Operating Software included

scaling factor and percentage of genes present (figure 1).

Atherectomy sample

RNA isolation

Atherectomy sample RNA

T7-based
amplification

Atherectomy sample
cRNA

Hybridization to
Affymetrix U133A
GeneChip

Atherectomy sample gene
expression data
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Statistical analysis

For the expression analyzes of the Affymetrix platform microarray data (HG-U133A -
GPL96-57554) we used the library R v.3.4.4 (R Core Team, 2018), afty v.1.56.0 libraries (Gautier et
al. 2004) and limma v.3.34.9 (Ritchie et al., 2015). The normalization was done by RMA (Robust
MultiArray Average) (Irizarry et al., 2003). Gene Ontology analysis for the detection of biological
processes (GO-BP) and metabolic pathways (KEGG - Kyoto Encyclopedia of Genes and Genomes)
was performed with the library pathfindR v.1.2.1 (Ulgen et al., 2018). As differentially expressed

genes, we considered those with p-value <0.0117:18.19.20.21,

Results
From 40 patients who underwent single bare-metal stenting with adjunctive directional
atherectomy, 28 had adequate tissue sampling for RNA analysis. Baseline and procedural

characteristics are summarized in Table 1.

Table 1

Diabetics (10) Non-diabetics (18)
Age 53,42 + 5,44 63,84 + 12,25
Male 8 (80%) 14 (78%)
Hypertension 6 (60%) 12 (67%)
Smoking 4 (40%) 11 (61%)
Hyperlipidemia 7 (70%) 8 (44%)
Acute coronary syndrome 7 (70%) 15 (85%)
Vessel
Left Anterior Descending 8 (80%) 10 (56%)
Circunflex 0 (0%) 4 (22%)
Right 2 (20%) 4 (22%)
Preinterventional angiographic findings
Reference Segment Diameter, mm 3,27 £0,24 3,5+0,21
Lesion Length, mm 24 +7,50 22 +7,57
Stenosis, (%) 75,5 + 6,85 71+ 14

Values are mean = SD and n (%).
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The microarray revealed 9 genes overexpressed in atherosclerotic plaques of diabetics and 6
in non-diabetic patients, with p <0.01 (Table 2 and 3). Among the overexpressed genes in diabetics,
were considered relevant 2 genes that are involved in pathophysiological processes that can be
related to atherosclerosis and intrastent restenosis: VASP (vasodilatory-stimulated phosphoprotein)

and MAD2LI1BP (mitotic arrest deficient 2).

Tabela 2. Overexpressed genes in diabetic patients

Vasodilator stimulated phosphoprotein  VASP Inflammatory process 2,1276  2,4616 0,3340  3,5208 0,0021
Colony stimulating factor 1 CSF1 Macrophages function control 2,0435  2,4551 0,4116  3,4888 0,0023
Bone morphogenetic protein 4 BMP4 TGF-beta ligand. Regulates adipogenesis 1,8288 2,1607 0,3319 3,2511 0,0040
Sulfotransferase family 1A member 2  SULT1A2 Catalyzes conjugation of many hormones 1,8317  2,3428 0,5111 3,1425 0,0051
Spindle checkpoint protein MAD2L1BP Cell proliferation 1,8088  2,0418 0,2330  3,0497 0,0063
RB binding protein 4 RBBP4 Histone acetylation and chromatin assembly 1,6937 2,0109 0,3172 2,9635 0,0076
abl interactor 1 ABI1 Signal transduction 1,6190 1,9055 0,2865 2,9149 0,0085
Proliferation-associated 2G4 PA2G4 Transducing growth regulatory signals 4,4292  4,9451 0,5159  2,9125 0,0085
Tousled like kinase 1 TLK1 Regulation of chromatin assembly 1,6683  1,9609 0,2926  2,8656 0,0095
Tabela 3. Overexpressed genes in non-diabetic patients
Cyclin dependent kinase 16 CDK16 Signal transduction cascades in cell differentiation 2,4258 2,1599 -0,2659  -4,2823 0,0004
Ubiquitination factor E4B UBE4B Degradation of unwanted proteins 2,4079 2,1054 -0,3025  -3,2823 0,0037
Mitogen-activated protein kinase 7 MAP2K7 Cellular response to proinflammatory cytokines 2,2030 1,8545 -0,3485 -2,9332 0,0082
Cell division cycle 6 CDC6 DNA replication 1,5868 1,2877 -0,2991 -2,8744 0,0093
Centrin 1 CETN1 Cell cycle - related to microtubules and centrosome 1,7620 1,5682 -0,1938  -2,8606 0,0096
Cryptochrome circadian regulator 2 CRY2 Circadian clock 2,2666 1,9101 -0,3565  -2,8577 0,0097
Discussion

In this study, we sought to identify new therapeutic targets in the fight against
atherosclerosis and intrastent restenosis. In the literature, we find few studies outlined for this
purpose, probably due to the difficulty in obtaining material in vivo. The vast majority of published

studies performed analysis of circulating markers?>23 24,

Among the genes identified in the study, two may be associated with the pathogenesis of
atherosclerosis and intrastent restenosis in diabetic patients: 1) the vasodilatory-stimulated
phosphoprotein (VASP) gene, that is associated with nitric oxide (NO)-dependent anti-
inflammatory mechanisms and 2) the mitotic arrest deficient (MAD2) gene, involved in the mitotic

process.
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The VASP gene produces a protein that is an important component of the anti-inflammatory
and vasodilatory mechanism mediated by nitric oxide (NO). In vessels without endotelial
dysfunction, which have an adequate NO bioavailability, VASP is phosphorylated in a serine
residue by Protein Kinase G (PKG), becoming activated. This mechanism blocks NFkB (Nuclear
Factor kappa B), an important transcription factor responsible for the activation of more than 200
genes of the inflammatory cascade. Nitric oxide production is dependent of the inducible nitric
oxide synthase (iINOS) enzyme expression, via activation of NFkB in response to changes in redox
status and stimulation by cytokines such as IFN-g (Interferon gamma), TNF-a (Tumor Necrosis
Alpha factor), IL-1b (Interleukin 1 beta). These cytokines induce, in endothelial cells, the
expression of receptors for extracellular matrix adhesion molecules, such as ICAM-1 (Intracellular

Cell Adhesion Molecule-1) and VCAM-1 (Vascular Cell Adhesion Molecule-1).

Advanced glycation products, present in diabetic patients, generate oxidative stress, which
consequently decrease the bioavailability of nitric oxide. NO is determinant for the activation of
PKG. Therefore, VASP can not be phosphorylated to exert its anti-inflammatory function (NFxB
blockade). In our study, VASP was more expressed in diabetic individuals probably due to an up-
regulation mechanism caused by failure in its phosphorylation process due to oxidative stress and
decreased NO bioavailability. This scenario of inadequate phosphorylation of VASP does not allow

it to exert its anti-inflammatory action 2326,

MAD?2 participates of the mitotic spindle checkpoint, which monitors the binding of
chromosomes to microtubules. MAD2 and BUB (budding uninhibited by benzimidazole) are
associated with the structure of the kinetochores (central region of the centromere where the mitotic
spindle attaches to the migration of the chromosomes to the cell poles) not bound to the
microtubules during metaphase. Activation of MAD2 allows blockage of anaphase beginning,
preventing unequal chromosome segregation. The increased expression of this gene generates
chromosomal instability and contributes to the occurrence of mutations that induce deregulation of

the proliferative process.

MAD?2 acts as a cell cycle control mechanism, allowing its progression to the anaphase.
However, two premises are fundamental: 1) the microtubules must be connected to the centromere
kinetochores, leading to the binding of all chromosomes to the mitotic spindle; 2) all chromosomes
must be aligned in metaphase, with adequate connection between the sister chromatids. When any
of these conditions fail, MAD2 is activated to interact with BUB, inactivating the anaphase

promoter complex (APC) by direct binding to Cdc20. The MAD2/BUB1/Cdc20 complex preclude
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the progression of the anaphase until all the kinetochores are adequately connected to the
microtubules ?7. Thus, the MAD2 gene is a key component in the mitotic process of G2/M cell

cycle conduction, presenting increased expression in different types of neoplasms 2829-30.31.32,

In a previouly study, it was shown that the inactivation of MAD2 by the overexpression of
p31 (protein involved in the activation of the apoptotic cascade and cellular senescence process)
promoted the death induction of the cells with chromosomal abnormalities. In this study, 19 cultures
of different types of cancer cells and 3 cultures of healthy cells were developed. P31 was inserted
into the cells through a retrovirus. Cell proliferation blocking was observed in 17 out of 19 cancer
cell cultures whereas no cell proliferation blocking was observed in any of the 3 healthy cell
cultures. It was suggested that the activation of p31 to block the expression of MAD2 could be an
important therapeutic strategy for antiproliferative drugs inhibiting the uncontrolled proliferation of

smooth muscle cells without blocking stent reendothetization.33.

With the advent of drug-eluting stents, there was a drastic reduction in the incidence of
restenosis. However, some subgroups of patients, especially diabetics, still have high rates of target
lesion revascularization. Neointimal hyperplasia, the main factor related to restenosis, led to the
rationale for the use of drugs with antiproliferative properties, such as rapamycin and paclitaxel34.,
These drugs have a direct action on the progression of the cell cycle, preventing the disordered

proliferation of cells.

At the interphase, the moment of the cell cycle in which there is no mitosis, the cell presents
three distinct phases: G1, S and G2, whose activity change occurs due to proteins called cyclin-
dependent kinases (Cdks). These proteins regulate the necessary transitions in the different stages of
the cell cycle, especially at two irreversible points: the S phase, in which there is DNA duplication,
and the M phase, in which the cytoplasmic division occurs in two daughter cells 3336, The cell cycle
has two critical checkpoints, in which there is a cellular decision about the viability of the
progression of the cycle. The first one occurs in the transition from phase G1 to S, and the second,
in the transition from phase G2 to M 37. The mentioned points are considered of greater
vulnerability for the continuity of the cell cycle, because if the cell presents mutations,
translocations or deletions, there is an apoptotic mechanism that prevents the divisional progression
of a functionally altered cell 38. Apoptosis usually occurs by an intrinsic cytochrome c release
pathway, a component present in mitochondrial ridges, which is released into the cytosol and

promotes activation of the caspase cascade 3°. This cascade induces nuclear fragmentation and
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exposure of recognition factors for phagocytes in the plasma membrane, generating, consequently,

an apoptotic body that can be endocytosed by the immune cells.

Rapamycin, the sirolimus active principle, has a potential ability to prevent restenosis by
binding to the intracellular receptor FK506 and thereby inhibiting the mTOR pathway 4°. The
mTOR pathway blocks the cellular interface, precluding the progression of the cycle from G1 to S.

Thus, without DNA synthesis, the cell does not become able to perform mitosis 4!.

Paclitaxel is an antiproliferative drug that has a different mechanism from that of rapamycin,
but also generates cell cycle blockade, precluding the passage of the cell from the G2 phase of the
interphase to the beginning of mitosis. This drug acts in the generation of microtubules, which are
fundamental elements for the formation of the mitotic spindle and orientation of the chromosomes

during the process of cell division*?.

It is known that diabetes can cause an attenuation of the effect of sirulimus and its analogs
on mTOR, suggesting that these drugs may not be the best option for a DES in diabetics. Because of
this, numerous studies were conducted in diabetic patients comparing drug-eluting stents coated
with /limus-family and paclitaxel drugs. However, the hypothesis of paclitaxel superiority in
diabetics was not confirmed in randomized clinical trials and meta-analysis. Paclitaxel-coated stents
were inferior in several outcomes. So, it was noticed that the action of paclitaxel on microtubules is
not as as effective in the cell proliferation blockage as is was thought previously. Thus, the MAD2

gene appears to be an interesting target for new antiproliferative drugs*>#.

Limitations of the Study

In the present study, some limitations should be considered. First, as we analysed a large
number of genes, many genes that bear no relationship with the biology of atherosclerosis and
restenosis were screened and found to have a random positive or negative relationship. Secondly,
RNA extraction and the test of each atherosclerotic plaque, which are also a strong point of the
methodology, led to insufficient analysis of RNA in 12 of the 40 samples of tissue causing its
exclusion. This is probably due to the presence of large amounts of lipids and the small number of
cells in the atheroma plaques. Finally, the amount of tissue recovered did not allow further
validation of the study results by direct measurement of the protein through the Western Blot test.

The above mentioned technical limitations regarding tissue sampling and genetic testing do
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not compromise the present study, because complete elucidation of all physiopathological
mechanisms of atherosclerosis and restenosis in diabetic patients was out of its scope. However, the
study exploratory design allowed to point out new features for better understanding the complex
processes involved in the genesis and severity of atherosclerotic disease as well as the restenosis

between diabetic and non diabetic patients.

Conclusions

Atherosclerotic coronary lesions of diabetic patients present several overexpressed genes, of
which two may play an important role in the genesis and severity of atherosclerotic disease and in-
stent restenosis: VASP and MAD?2. The latter, because of its relation to cell proliferation, ought to

be subject for future studies aiming the development of new anti-restenotic therapies.

Perspectives

The study presents two new possible targets for future research in the treatment of
atherosclerotic disease and in-stent restenosis in diabetic patients.

The development of a therapy that makes VASP phosphorylation more effective in diabetic
patients may be the subject of future research, due to its relationship with nitric oxide and
inflammatory processes, both closely related to the pathogenesis of atherosclerotic disease and of
in-stent restenosis.

Even more interesting, blocking MAD2 by p31 has been shown to inactivate the
proliferation of damaged cells without blocking healthy cell proliferation. This is a key point for the
development of an ideal drug against restenosis: a drug that inhibits the proliferation of genetically
modified smooth muscle cells without inhibiting the early reendothelization of the stent, reducing

the risk of stent thrombosis.
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