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EPIGRAFE

“At the time of open-heart operation, however, no localized stenotic area was found

and the obstruction must be attributed to systolic narrowing of the ventricular outflow tract
resulting from massive muscular hypertrophy, the cause of which is obscure.”

(Andrew G. Morrow and Eugene Braunwald, Circulation 1959).



RESUMO

A cardiomiopatia hipertréfica (CMH) é a doenca cardiovascular de origem genética mais
prevalente. Embora a avaliacdo de familiares em primeiro grau para CMH seja recomendada por
diretrizes internacionais através de testes genéticos, estes podem néo estar disponiveis ou serem
negativos. Estratégias de rastreamento de CMH baseadas em critérios clinicos ainda ndo foram
suficientemente testadas nesta populacdo. Além disso, é desconhecido o papel de microRNAs
como biomarcadores para a doenga com esta finalidade. Foram avaliados 23 probandos com CMH
e 58 familiares em primeiro grau. O rastreamento clinico identificou 10 (17%) familiares
acometidos pela CMH. Marcadores clinicos como sintomas relacionados a CMH, histéria familiar
de morte subita, sopro sistdlico e eletrocardiograma (ECG) anormal demonstraram boa acuracia
para deteccdo da doenca. Contudo, ECG anormal isoladamente apresentou a melhor performance.
Critérios modificados de ECG para o rastreamento de CMH entre os familiares foram capazes de
elevar a acuracia da estratégia empregada. Uma revisdo sistematica foi realizada para identificar
microRNAs diferencialmente expressos ha CMH e sua correlacdo fenotipica. Identificou-se 87
microRNAs em um total de 329 individuos estudados. Os microRNAs na CMH apresentaram
padrdo de up-regulation em sua maioria. Entre os analisados, evidenciaram maior correlacao
fenotipico o mir-21 e mais marcadamente o mir-29a. O rastreamento clinico de familiares em
primeiro grau de pacientes com CMH é factivel e apresenta boa acuracia, principalmente quando
baseado no ECG. Os microRNAs mir-21 e mir-29a apresentam marcada expressdo na CMH e
poderdo ser candidatos a biomarcadores para reconhecimento da doenca em fase clinica e pré-
clinica.

Palavras-chave: cardiomiopatia hipertréfica, avaliacdo genética, rastreamento familiar,
microRNA



ABSTRACT

Hypertrophic cardiomyopathy (HCM) is the most common cardiovascular genetic
disorder. Although the first-degree relatives evaluation for detecting HCM based on genetic testing
is recommended by international guidelines, they may not be available or be negative. The HCM
screening strategies based on clinical criteria are still not sufficiently tested in this population.
Moreover, the role of microRNAs as biomarkers in HCM for this purpose is still unknown.
Twenty-three probands with HCM were evaluated and 58 first-degree relatives. The clinical
screening was able to identify 10 (17%) relatives with HCM. Clinical markers such as HCM related
symptoms, family history of sudden cardiac death, heart murmur, and abnormal electrocardiogram
(ECG) showed good accuracy for detecting the disease. However, an abnormal ECG alone
presented with the highest performance. A modified abnormal ECG model was able to improve
the accuracy of the applied strategy. A systematic review was performed for identifying
differentially expressed microRNAs and their phenotypic expression. A total of 87 microRNAs in
329 studied individuals were identified. MicroRNAs in HCM showed a pattern of up-regulation
in most cases. Among several microRNAs, mir-21 and mir-29a showed the greatest phenotypic
correlation, with the most consistent findings for the latter. HCM clinical screening of first-degree
relatives is feasible and showed good accuracy, mainly when an ECG strategy was applied. The
microRNAs mir-21 and mir-29a showed pronounced expression in HCM and may be good
candidates as biomarkers to recognize the disease in clinical and pre-clinical stages.

Key-words: Hypertrophic cardiomyopathy, genetic evaluation, family screening, microRNA
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1) INTRODUCAO

A cardiomiopatia hipertréfica (CMH) é a doencga cardiovascular de origem genética mais
prevalente [1]. Caracteriza-se pela presenca de hipertrofia ventricular esquerda assimétrica na
auséncia de dilatacdo da camara ou outras causas [2,3]. Demonstra distribuicdo universal, com
incidéncia semelhante entre os sexos e etnias [4,5]. A exteriorizacdo clinica apresenta padréo
bimodal, com pico entre 13-19 anos e apds os 40 anos [2-5]. Nas Ultimas décadas, particular

interesse tem sido dado a doenca por ser a principal causa de morte stbita em jovens e atletas [6].

A CMH apresenta padréo de heranga autossomica dominante com mutagdes identificadas
majoritariamente em genes sarcoméricos [1,7]. Mais de 2.500 mutacbes foram identificadas,
principalmente nos genes da cadeia pesada da beta-miosina cardiaca (MYH7) e da proteina C de
ligacdo a miosina (MYBPC3) [8,9]. Nova técnica, denominada de sequenciamento de nova geracéo
através da aplicacdo de painel multigénico (Next Generation Sequencing - NGS), permite a
codificacdo de um grande numero de genes com menor custo e de forma mais rapida [10].
Mutacdes sdo identificadas em cerca de 60-70% dos individuos submetidos a genotipagem
naqueles com formas familiares bem definidas e em cerca de 30-40% nos casos esporadicos
[9,11,12]. Devido a maior disponibilizacdo destes testes e a penetrancia incompleta das mutaces,
os carreadores sem o fenotipo representam um importante grupo sobre os quais persistem
interrogagBes. Os fatores relacionados a expressdo fenotipica nos individuos assintomaticos

carreadores de mutacdo ainda sdo desconhecidos [1,9,13].

Os microRNAs, moléculas com funcgdo de regulacéo génica, tem a sua expressao associada
a doencas cardiovasculares e podem estar implicadas na patogenia da CMH [14]. Diversos
microRNAs foram identificados com énfase no miR-21 e miR29a, os quais evidenciaram relacdo

com hipertrofia ventricular esquerda e fibrose miocérdica detectada a ressonancia magnética



(RNM) [15,16]. Ainda ¢é desconhecido qual a funcéo destas moléculas no processo de expressao

fenotipica em fase pré-clinica e seu papel como biomarcador na préatica assistencial.



2) REVISAO DA LITERATURA

2.1) Conceituacao da cardiomiopatia hipertroéfica e aspectos demograficos

A cardiomiopatia hipertréfica (CMH) representa a doenca cardiovascular de origem
genética mais prevalente estimada em 1 para cada 200 individuos [1]. O fendtipo caracteriza-se
por hipertrofia ventricular esquerda predominantemente assimétrica, identificada na auséncia de
dilatacdo da cAmara e de outras causas [2,3]. O carater complexo desta enfermidade é justificado
pela marcada heterogeneidade genética e expressiva variagdo fenotipica [8,17]. A distribuicéo
geogréfica é universal com acometimento de diversos grupos étnicos. Devido ao padrdo de heranca
mendeliana, € esperada distribuicdo semelhante entre os géneros; contudo, as coortes
internacionais registram predominio no sexo masculino [4,5]. Dados recentes demonstram que
pacientes da raca negra apresentam maior probabilidade de diagnoéstico em idade precoce e maior
limitacdo funcional [18]. A doenca exterioriza-se geralmente na adolescéncia, embora possa ter
expressao clinica tardia, na fase adulta apos 40-60 anos [4,5,12,19]. Ainda que a morte sUbita tenha
se tornado infrequente na atualidade pela ampla aplicacdo de medidas preventivas, constitui a

principal causa de obito cardiovascular em jovens < 25 anos e atletas com CMH [6].
2.2) Histopatologia

O substrato histopatologico caracteristico da CMH ¢é constituido por hipertrofia
miocérdica, desorganizacdo celular, fibrose e doenca da microcirculacdo. Estes estdo implicados
diretamente no desenvolvimento de isquemia, arritmias e disfuncdo diastolica do ventriculo
esquerdo (VE) [17]. A desorganizacéo celular apresenta distribuicdo assimétrica no miocardio,
podendo envolver de 10% a 90% de um segmento isolado. Sua correlagdo com o grau de

hipertrofia é baixa e apresenta menor frequéncia em individuos com obstrugéo na via-de-saida do



VE [20,21]. Por outro lado, a fibrose reparativa relaciona-se em maior grau com massa e espessura
parietal maxima do VE. Apresenta-se mais incidente em individuos mais velhos, levando a
hipdtese de que se trata de processo secundario aos demais mecanismos fisiopatolégicos [20]. A
doenca da microcirculacdo, achado histoldgico caracteristico da CMH, representa um dos fatores
determinantes da presenca de isquemia miocéardica [20,22]. Quando avaliada atraves de RNM
cardiaca, identifica-se reduzida perfusdo que se correlaciona com o grau de hipertrofia [23]. Outros
fatores, no entanto, também associam-se ao desequilibrio entre oferta e demanda de oxigénio como
desorganizacao celular, a hipertrofia dos midcitos, a fibrose intersticial e a reducéo da densidade

capilar [22].

As mutacdo sarcoméricas presentes na CMH desencadeiam processos de
hipercontratilidade e hipertrofia miocérdica associados ao aumento na producdo de colageno
[24,25]. Estudo recente em modelo animal utilizou tecido miocérdio com CMH que foi
decelularizado mantendo apenas a matriz extracelular original. Este tecido foi semeado com
células tronco pluripotentes derivadas de miécitos saudaveis. Desta forma, produziu-se um tecido
que retinha a matriz extracelular original, mas com midcitos normais. Verificou-se que estes
midcitos normais desenvolveram hipercontratilidade e alteracdo de relaxamento, sugerindo que o
remodelamento extracelular apresenta papel fundamental no desenvolvimento da doenca [24].
Estes dados corroboram estudos em que a administracdo de mavacamten, molécula que reduz a
atividade da adenosina trifosfato, evitou o desenvolvimento de CMH apenas em modelos animais
portadores de mutagdes no gene MYH7 sem doenca expressa, mas falhou naqueles em estagio

mais avancado da doenga [26].



cardiomiopatia hipertrofica demonstrando arquitetura miocéardica desorganizada (x4; H&E). C.

Desorganizacao celular miocardica (x20; H&E). D. Fibrose intersticial demonstrada por coloracao

de tricromo Masson em azul (x20) [17].

2.3) Diagnostico

O diagnostico da CMH é favorecido pela presenca de sintomas cardiovasculares, deteccéo
de sopro cardiaco ou por meio da avaliagdo de membros de familias acometidas. A identificacdo
das manifestacOes que caracterizam o fenotipo, ou seja, hipertrofia ventricular esquerda em grau,
extensdo e localizacdo variaveis, associada a cavidade normal ou reduzida, é realizada através do
ecocardiograma ou da RNM cardiaca [2,3,17,27]. Define-se pela identificacdo em qualquer
método de imagem de espessura parietal maxima > 15 mm ou > 13 mm nos casos de mutacao
conhecida para CMH [2]. Predominam as formas septais assimétricas, em que a razao septo/parede

posterior do VE é > 1,3 [17]. O envolvimento isolado de outros segmentos ventriculares, como



septo posterior, parede antero-lateral ou apice do VE, é referido em menor nimero de casos e

hipertrofia concéntrica em menos de 5% [17].

Obstrucao dindmica da via-de-saida do VE incide em 25% dos pacientes em repouso e em
até 75% sob exercicio ou manobras provocativas que reduzem a pré e a pos-carga ou aumentam a
contratilidade miocardica [28,29]. A obstrucao decorre da geometria da via-de-saida anormal e da
complexa interagdo entre o folheto anterior da valvula mitral e o septo interventricular promovida
por vetores andmalos de fluxo gerados na cavidade ventricular durante a sistole [30]. Anomalias
estruturais envolvem a valvula mitral e/ou musculos papilares com regurgitacdo em grau variavel
em 20% a 45% das formas obstrutivas [31,32]. O ecocardiograma é o método diagndstico mais
comumente empregado para avaliacdo da obstrucdo em via-de-saida do VE. A manobra de
Valsalva, aplicada durante o exame em repouso, permite identificar apenas 50% dos pacientes com
obstrucdo detectada ao exercicio [33-35]. Neste contexto, o ecocardiograma com esfor¢o aplica-
se principalmente naqueles individuos sintomaticos com obstrucéo latente da via-de-saida do VE
[34,35]. O ecocardiograma com exercicio apresenta maior acuracia em relacdo a manobra de
Valsalva ou a administracdo de nitrato, com resultados semelhantes quando é realizado em esteira
rolante ou em cicloergdbmetro [36]. A presenca de obstrucdo latente possui valor progndstico e
permite estender a indicacdo de reducdo septal em pacientes sintomaticos [34]. Outras anomalias
envolvendo musculos papilares ou alongamento do folheto anterior da valvula mitral sdo descritas
nas formas obstrutivas da doenca e contribuiriam para desenvolvimento de gradiente intracavitario
[37]. Ha discordancia na literatura se estas manifestagdes estdo relacionadas ao substrato genetico
ou sdo decorrente de modificacdes na geometria da cdmara ou do padréo de hipertrofia [31,38,39].

O comprometimento do ventriculo direito é excepcionalmente evidenciado [2,3].



A RNM cardiaca é fundamental no diagnostico da CMH, pois permite a identificacdo de
diversos padrbes de hipertrofia além de definir formas confinadas a parede livre antero-lateral,
septo posterior e apice [34,40-42]. A determinacdo das espessuras parietais pode apresentar
discrepancia entre o ecocardiograma e a RNM cardiaca, principalmente nos casos limitrofes ou
com formas atipicas [40,43,44]. Além disso, este método diagnostico permite a identificacdo de
fibrose reparativa através da técnica de realce tardio, cuja presenca estd relacionada a pior
prognostico e ocorréncia de morte subita [45,46]. Apesar da fibrose ndo constituir critério
independente para implante de cardiodesfibrilador implantavel em prevencao priméaria de morte
subita, sua presenca pode auxiliar na tomada de decisdo [2,3,46]. O mapeamento T1 é uma nova
técnica aplicada a RNM utilizada para quantificar a expansdo do volume extracelular que se
relaciona com a presenca de fibrose intersticial [47]. Verifica-se que, em comparacdo com
individuos saudaveis, individuos com CMH demonstraram T1 prolongado e volume extracelular
elevado mesmo na auséncia de realce tardio, além de forte correlagdo com indice de massa do VE
[48]. Esta técnica foi estudada em carreadores de mutacdo sem expressao fenotipica. Identificou-
se que estes individuos apresentaram expansao do volume extracelular, sugerindo seu emprego na
deteccdo de formas pré-clinicas [49]. Por fim, a deteccdo da expansdo do volume extracelular por
mapeamento T1 apresenta valor prognostico em relacdo a hospitalizacao por insuficiéncia cardiaca

e mortalidade [50].

O diagndstico diferencial da CMH com outras causas de hipertrofia ventricular pode ser
desafiador. A RNM atraveés de avaliacdo da morfologia septal, mapeamento T1 e strain
longitudinal global pode auxiliar na diferenciacdo entre hipertrofia secundaria a hipertenséo
arterial e a CMH [51,52]. Achados da CMH como espessura do septo interventricular médio e

basal acima de 15 mm, presenca de gradiente na via-de-saida do VE > 30 mmHg, relagdo E/A >



2, aumento do atrio esquerdo e movimento sistélico anterior da valvula mitral sugerem o
diagnostico em individuos idosos [53]. A morfologia septal também auxilia no diagnostico
daqueles com CMH. Septo interventricular com curvatura reversa associa-se com 80 a 90% de
identificacdo de mutacdo em genes sarcoméricos, além de incidir mais comumente em jovens,
apresentar pior funcéo diastélica e maior taxa de realce tardio [54,55]. No entanto, hipertrofia
apical e septo neutro associam-se a mutacdes apenas em um terco dos casos e septo sigmoide em

apenas 10-20% [53,54].

2.4)  Evolucéo clinica e terapéutica

A evolucdo clinica é variavel, enquanto alguns permanecem longo tempo assintomaticos
ou com minima restricdo, outros apresentam morte prematura ou progridem tardiamente a
fibrilacdo atrial e insuficiéncia cardiaca [17,56]. Dor toracica e sincope inexplicada sdo frequentes;
contudo, sintomas de insuficiéncia cardiaca sdo predominantes na fase adulta e podem ocorrer em
até 50% dos casos [4,17,18]. A expressdo clinica pode divergir entre os sexos [57,58]. Apesar da
discrepancia na literatura quanto a diferencas no grau de obstrucdo da via-de-saida do VE entre
géneros, mulheres apresentam pior capacidade funcional, maior nivel de biomarcadores e
mortalidade mais elevada [57-60]. Além disso, sexo feminino apresentou-se como preditor
independente para mortalidade em analise uni e multivariada [57,58]. N&do esta claro se estas
diferencas se relacionam com fatores hormonais e/ou interacdo com processos genético-
moleculares [61]. Fatores ambientais que possam modificar a evolucéao clinica da CMH ainda séo
pouco conhecidos. Evidéncias recentes sugerem que a presenca de obesidade pode contribuir de
forma independente para os sintomas relacionados a doenga, bem como fisiologia obstrutiva e
ocorréncia de eventos cardiovasculares [62,63]. A restricdo ao exercicio imposta pela CMH e a

maior limitacdo funcional pode ter relacdo com maior indice de massa encontrada nessa doenca
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[64]. Comorbidades como hipertensao arterial, diabete mellitus e tabagismo apresentam incidéncia

semelhante a da populacdo em geral [4,59].

Extrassistoles ventriculares sdo frequentes na CMH, compreendendo formas isoladas ou
em salvas e se associam ao grau de hipertrofia ventricular esquerda [65]. A fibrilacdo atrial € a
arritmia sustentada mais comum; acomete entre 20-30% dos pacientes e associa-se a piora da
classe funcional [5,59]. Estudo com RNM cardiaca identificou que individuos com fibrilagéo atrial
paroxistica apresentam associacdo com fibrose do atrio esquerdo e configuram um fenétipo mais

avancado da doenca [66].

A morte subita é mais frequente nos pacientes abaixo de 40 anos enquanto que ébito por
insuficiéncia cardiaca ocorre nos pacientes em décadas de vida mais avancada [59]. A andlise
recente de uma ampla coorte de individuos adultos com CMH atendidos em centros de referéncia
demonstra taxas de sobrevida em 5 e 10 anos de 98% e 94%, respectivamente, ndo distintas da
populacdo normal [67]. Contudo, estudo europeu demostrou maior mortalidade nos pacientes com
CMH em relacdo a populacdo geral quando estratificados por sexo, idade e anos de seguimento

[59].

A morte subita cardiaca é o desfecho mais temido em pacientes com CMH, podendo incidir
em até 3 a 4% ao ano em individuos de alto risco [68]. Possui base arritmogénica e ocorre por
desenvolvimento de taquicardia ventricular sustentada ou fibrilacdo ventricular [69]. Esta indicado
o implante de cardiodesfibrilador em prevencdo secundaria para aqueles pacientes que
sobreviveram a uma parada cardiorrespiratoria devido a taquicardia ventricular ou fibrilacéo
ventricular, ou aqueles com taquicardia ventricular sustentada com comprometimento

hemodinamico [2,3]. Os principais fatores de risco para morte subita de acordo com a recente
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diretriz American College of Cardiology/American Heart Association 2020 considerados como
preditores independentes sdo historia familiar de morte subita em familiares de primeiro grau,
sincope inexplicada, hipertrofia macica do ventriculo esquerdo (VE), aneurismas apicais e fracdo
de ejecdo < 50% [3]. Taquicardia ventricular ndo-sustentada e realce tardio a RNM cardiaca séo
considerados fatores menores [3]. A presenca destes indicadores ainda que isoladamente
constituem critério para implante de cardiodesfibrilador em prevencéo primaria de morte subita
[3]. A Sociedade Europeia de Cardiologia, no entanto, propés um modelo, denominado ESC HCM-
Risk SCD, baseado em estimativa de risco que, além dos predisponentes conhecidos, inclui idade
e didametro do atrio esquerdo [2]. Esta recomendacdo possuiria baixa sensibilidade para
identificacdo de individuos que podem evoluir com morte subita e poderia deixar desprotegidos
aqueles em que o risco calculado situa-se abaixo de 6% ao ano [68]. A concordancia entre a
estratificacdo de risco para morte subita entre essas diretrizes é baixa [70]. Verifica-se que a diretriz
norte-americana é mais liberal em suas indicacdes e a diretriz europeia restringe o implante de CDI
apenas em individuos de maior risco [70]. Desta forma, a estratificacdo de risco para morte subita
nesta doenca é considerada ainda imperfeita visto que esta complicacao pode incidir em individuos

sem preditores conhecidos [69].

O tratamento clinico na CMH visa o controle de sintomas e tem base em estudos
observacionais. Recomenda-se 0 uso de beta-bloqueadores sem efeito vasodilatador como
farmacos de primeira escolha seguido dos bloqueadores de canais de calcio ndo-diidropiridinicos
[2,3]. Disopiramida pode ser utilizada em associa¢éo, mas néo esta disponivel no Brasil. O uso de
farmacos com efeito vasodilatador ndo esté indicado pelo potencial efeito de piora da obstrucéo
da via-de-saida. Contudo, ensaio clinico randomizado controlado por placebo avaliou o uso de

losartana em 133 pacientes com CMH. N&o houve modificagdo no padrdo de hipertrofia
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ventricular, mas mostrou-se seguro nessa populagéo, sugerindo seu uso para outras indicagdes
como controle anti-hipertensivo [71,72]. Diltiazem foi testado em ensaio clinico controlado por
placebo em 38 individuos carreadores de mutacdo para CMH sem expressdo fenotipica. No
seguimento médio de 25 meses, 0 grupo tratamento demonstrou menor grau de remodelamento do
VE [73]. Estudos adicionais, com maior populacédo e tempo de seguimento deverdo ser realizados
para confirmar estes achados. Recentemente, ensaio clinico randomizado duplo cego demonstrou
gue o uso de mavacamten se associou a reducdo na obstrucdo da via-de-saida do VE, melhora do
consumo de oxigénio no exercicio e melhora em escore de sintomas [74]. Estes resultados
promissores fornecem uma nova via de tratamento da doenca. Esta droga atua através de inibicao
da ATPase miosina cardiaca, reduzindo a contratilidade e melhorando a performance energética

[75,76].

A cirurgia de miectomia para reducdo septal foi um dos primeiros tratamentos propostos
para a CMH e segue como terapéutica vigente para reducdo do gradiente na via-de-saida do VE
para niveis inferiores a 10 mm Hg com marcado impacto na reducdo de sintomas e melhora da
qualidade de vida [69]. A mortalidade perioperatéria pode chegar a 10%; contudo, centros
experientes relatam taxas de mortalidade menores de 1% [77-79]. A miectomia associa-se a
disturbios de conducdo, principalmente bloqueio de ramo esquerdo, e bloqueio atrio-ventricular
em até 34%, sobretudo naqueles com bloqueio de ramo direito prévio ao procedimento [80].
Ablacéo septal alcodlica é uma alternativa segura, com reducao >50% do gradiente na via-de-saida
em torno de 90% dos casos, € menos invasiva e mais disponivel [79,81]. A mortalidade do
procedimento é baixa (<1%) e esta relacionada a implante de marcapasso definitivo devido a
bloqueio atrio-ventricular avancado em cerca de 10% dos casos principalmente naqueles com

bloqueio de ramo esquerdo prévio ao procedimento [82,83].
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2.5) Genética

A CMH é transmitida por heranca autossdbmica dominante que leva ao desenvolvimento de
formas familiares, ainda que casos esporadicos sejam também detectados. A auséncia de carater
familiar é atribuida & penetréncia incompleta, gene e idade dependentes e a ocorréncia de mutacdes
de novo. Mais de 2.500 mutacBes ja foram descritas em 11 genes que codificam proteinas do
sarcOmero e, em menor namero, dos discos Z [8,9,11,13]. Mais recentemente, foram descritas
mutacOes em outros genes, relacionados a filamentos grossos, discos intercalados ou mediadores
dos canais de calcio, cuja patogenicidade ainda é interrogada [8,9]. Substituicdes em genes do
metabolismo celular, PRKAG2, LAMP2 e GLA, podem gerar doengas de armazenamento de
glicogénio, consideradas fenocopias da CMH [8]. O comprometimento dos genes da cadeia pesada
da beta-miosina cardiaca (MYH?7) e da proteina C de ligacdo a miosina (MYBPC3) é considerado
predominante, sendo ambos responsaveis por cerca de dois tercos das mutacfes encontradas
[8,9,27]. Reduzida prevaléncia individual é atribuida aos demais genes: troponina T (TNNT2),
troponina I (TNNI3), cadeia leve da miosina reguladora (MYL2), cadeia leve da miosina essencial
(MYL3), alfa-tropomiosina (TPML1), alfa-actina cardiaca (ACTCL1), troponina C (TNNC1), alfa-
actinina 2 (ACTN2) e miosenina 2 (MYOZ2). Os principais genes relacionados a CMH, as

respectivas proteinas codificadas e sua funcdo estdo descritos na tabela 1 [17,84].

Tabela 1. Principais genes acometidos em pacientes com cardiomiopatia hipertréfica

Gene Frequéncia Proteina codificada Funcéo

MYH7 15-25% Cadeia pesada da f-miosina  Atividade ATPase, interacdo
com actina, contragdo

miocardica



MYBPC3

TNNT?2

TNNI3

TPM1

MYL2

MYL3

ACTC1

TNNC1

ACTN2

MYOZ2

15-25%

<5%

<5%

<5%

<2%

<1%

<1%

<1%

<1%

<1%

Proteina C de ligacao a

miosina

Troponina T cardiaca

Troponina I cardiaca

a-tropomiosina

Miosina reguladora de

cadeia leve

Miosina essencial de cadeia

leve
o-actina cardiaca

Troponina cardiaca C

o-2 actinina

Miosenina 2 (calsarcina 1)

14

Interacdo com os filamentos

grossos, contragdo miocardica

Regulador da interagéo

actinina-miosina

Inibidor da interacdo actinina-

miosina

Interacdo do complexo de

troponina com actina cardiaca

Proteina de ligacdo a cadeia

pesada da miosina

Proteina de ligacdo a cadeia

pesada da miosina
Interacdo actina-miosina

Regulador célcio sensivel da

fungéo dos miofilamentos

Proteina do disco Z

Proteina do disco Z

Até recentemente, a pesquisa de mutaces no DNA era realizada pela técnica de Sanger na

qual a ordem dos nucleotideos nas sequéncias codificantes do gene é analisada em série, uma apds

aoutra. Embora precisa e reprodutivel, € considerada laboriosa e demorada [8]. O sequenciamento

de nova geracdo (Next Generation Sequencing - NGS) possibilita a abordagem simultanea de um

grande nimero de genes de forma mais rapida e com menor custo [85]. Esta técnica pode ser

aplicada na modalidade de painel, o qual gera resultados semelhantes aos obtidos por Sanger, mas
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apresenta maior rapidez e menor custo do que outras formas de NGS como WES (Whole Exome
Sequencing) ou WGS (Whole Genome Sequencing) [10,86]. As anormalidades encontradas podem
ser classificadas em cinco categorias: mutacGes patogénicas, provavelmente patogénicas, variantes

de significado incerto (VUS), provavelmente benignas e benignas [8,10,87].

A correta interpretacdo destas variantes é fundamental para se estabelecer o diagnostico
em casos selecionados e para o aconselhamento familiar. A experiéncia acumulada em centros
especializados com compartilhamento de banco de dados de mutacdes resulta em otimizacdo da
interpretacdo dos testes genéticos com reduzida discordancia na classificacdo destas variantes [88].
Muitas das substituicbes de aminoacidos na sequéncia do DNA ndo causam doenca e sdo
interpretadas como polimorfismos de carater benigno, com incidéncia média na populagéo normal
de 0,5 a 1% [8]. A introducdo do NGS determina aumento da ocorréncia de VUS e um grande
nimero permanece com significado desconhecido mesmo ap6s a aplicacdo de todos o0s
instrumentos disponiveis para avaliacdo de patogenicidade [8,10]. Essas varia¢des incidem em 5
a 50% dos casos na dependéncia do numero de genes sequenciados e de classes utilizadas para
definir a patogenicidade das mutages [8,89]. Para fins de diferenciacdo entre variagdes benignas
e patogénicas, € preciso conhecer a frequéncia das substituicGes na populacdo normal
disponibilizada em bancos de dados, o registro prévio na literatura, o grau de cosegregacao nas
familias, o possivel impacto na estrutura da proteina, assim como proceder consulta aos sistemas

de bioinformatica na denominada analise in silico [10,86,89,90].

A aplicagdo de paineis com mais de 50 genes parece ndo adicionar sensibilidade ao
diagnostico, quando comparados aqueles contendo apenas 0s 11 genes considerados mais
prevalentes [91]. A ampliacdo dos painéis genéticos a genes ndo-sarcoméricos produz um nimero

elevado de variacOes raras, mas sem associacdo com a CMH. Desta forma, é recomendado apenas
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a genotipagem dos genes ndo-sarcomeéricos CSRP3, FHL1, FLNC, PLN, TNNC1, ACTN2 e
MYOZ2 assim como aqueles relacionados a doengas metabdlicas como LAMP2, GAA, GLA,

PRKAG2 e TTR [92].

Mutacdes causadoras séo atualmente identificadas em 60-70% dos pacientes com formas
familiares e em 30-40% dos casos esporéadicos [9,11,12]. Predominam aquelas denominadas
missense ou de “sentido trocado” em que a substitui¢do de uma tnica base no nucleotideo leva a
troca do aminoacido codificado. Entretanto, no gene MYBPC3 sdo também encontradas dele¢Ges
ou insercdes que determinam mutagdes mais radicais na matriz do quadro de leitura denominadas
de frameshift [8,11]. As mutacGes sdo frequentemente privativas de uma familia e muitas séo de
novo, originando formas esporadicas [8]. Ha marcada variabilidade da expressao fenotipica intra
e interfamiliar em decorréncia da acdo de fatores ambientais, genes modificantes, dupla

heterozigose e outros processos ainda desconhecidos [13].

As complexas caracteristicas moleculares da CMH foram definidas com base na avaliacéo
de populacBes europeias e norte-americanas [2,3]. Em nosso pais, foram pesquisadas
preliminarmente em coortes das regides sudeste, norte e nordeste [93]. No sul do Brasil, cuja
composicao étnica é distinta, foi realizada a analise de uma amostra constituida por familias com
a doenca [94]. A maior frequéncia de mutacdes de MYH7 constatada neste estudo corrobora
observacOes prévias em outras regibes do pais, mas diverge do relatado em populacbes do
hemisfério norte em que se verifica o predominio de doenga relacionada a MYBPC3. A aplicacédo
em maior escala de testes genéticos em portadores de CMH poderéa confirmar, futuramente, se tais

achados representam ou ndo uma caracteristica local.
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Apesar do alto grau de recomendacdo da genotipagem nas diretrizes internacionais de
individuos e familiares com CMH, ainda ndo esta amplamente disponivel, principalmente em
paises de media e baixa renda [2,87]. A probabilidade de um teste genético positivo aumenta na
presenca de algumas caracteristicas clinicas como idade no diagndstico, sexo feminino,
caucasianos, padrdo de hipertrofia e historia familiar de CMH ou morte subita [4,95-100]. Neste
contexto, alguns escores foram propostos para auxiliar a identificacdo de pacientes com maior

probabilidade de positivacao do teste [96,97,100].

Com a aplicacdo em maior escala dos testes genéticos, os carreadores de mutacdo para
doenca sem o fendtipo, passaram a representar importante subgrupo dentro do extenso espectro de
manifestagdes da CMH, a respeito dos quais persistem varias interrogacfes. Os individuos sem o
fendtipo podem evidenciar alteracdes eletrocardiograficas que constituem critério para o seu
reconhecimento [101]. Distlarbios da funcéo sist6lica e do enchimento diastdlico do VE seriam
detectados precocemente pelo ecocardiograma com Doppler tissular, assim como modificagdo do
strain global longitudinal pode ser identificada por speckle trecking [102,103]. Anomalias
intrinsecas da valvula mitral tais como alongamento excessivo do folheto anterior, deslocamento
dos musculos papilares, bandas musculares anémalas e criptas identificadas a RNM cardiaca
podem constituir expressdo fenotipica precoce de mutacfes sarcoméricas [104-106]. O uso de
RNM cardiaca pode auxiliar no reconhecimento daqueles com espessura parietal maxima do VE
limitrofe [107]. A identificacdo de mutacdes patogénicas associa-se a maior mortalidade e maior
incidéncia de complicacGes até mesmo apos muitos anos do diagndstico [108,109]. A presenca de
VUS relaciona-se a risco intermediario para o desenvolvimento de insuficiéncia cardiaca e

fibrilacdo atrial [108].
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Né&o se conhecem quantos e quais carreadores de mutacéo poderdo desenvolver a doenca e
tampouco o risco ao qual estariam expostos na fase prévia ao surgimento de hipertrofia ventricular
esquerda [1,9,13,27,94,110]. Recentemente, identificou-se que estes individuos apresentam
aumento do diametro diastolico e da massa do VE quando expostos a exercicio fisico vigoroso;
contudo, ndo houve maior incidéncia de arritmias [111]. Estes familiares carreadores de mutagéo
possuem recomendacédo de avaliacdo por ecocardiograma a cada 5 anos [2]. Ainda néo esta claro
quais desenvolverdo a doenca e o tempo necessario para tal. No seguimento de uma coorte de
gendtipo-positivos em fase pré-clinica por até 18 anos, foi identificado que apenas 4 de 14
individuos desenvolveram o fendtipo [112]. Outros estudos, com menor tempo de seguimento,
observaram o desenvolvimento da CMH entre 6% e 14% dos individuos em um tempo médio de
5 a 12 anos dependendo da faixa etaria inicial [106,109,113,114]. Recentemente, foi reportado
estudo com 215 individuos de 186 familias seguidos por até 15 anos. Identificou-se uma taxa de
50% de deteccdo de expressao clinica da CMH, a maior até 0 momento [115]. A intervencdo
farmacoldgica precoce em estagios evolutivos iniciais podera favorecer, futuramente, a introducéo

de medicamentos que modulem a exteriorizacdo fenotipica [73,116].

2.6) Avaliagéo familiar

A avaliacdo de familiares em primeiro grau de pacientes com CMH é preconizada pelas
diretrizes vigentes através de avaliacdo clinica, eletrocardiogréafica, ecocardiogréfica e testagem
genética [2,3]. Desta forma, pode-se realizar o rastreamento em cascata e identificar ndo apenas
aqueles com o fend6tipo, mas também aqueles que necessitardo seguimento a longo prazo
(portadores de mutacgdo) e excluir os negativos. Contudo, nos casos em que ndo se identifica

mutacdo ou em que a testagem ndo foi realizada, recomenda-se o seguimento clinico com
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eletrocardiograma e ecocardiograma a cada 2 a 5 anos ou em menor frequéncia se alteracfes

subjacentes forem detectadas [2,3].

Embora o rastreamento apresente recomendagdo universal entre os familiares, algumas
caracteristicas associam-se com a detec¢do do fenotipo nesta populagdo [117,118]. A analise de
coortes contemporaneas demonstraram maior incidéncia do fenétipo naqueles com média > 40
anos de idade, sendo populacdo de maior beneficio para avaliagdo [117,119]. Embora seja
recomendado rastreamento apds 10-12 anos de idade, formas severas podem ocorrer em faixas
etarias mais precoces [118,120]. Ainda que a incidéncia da CMH possa diferir conforme a idade,
todos os familiares devem ser selecionados para avaliagdo [2]. A presenca de sintomas pode
ocorrer em 1% a 20% dos casos confirmados, sendo um indicativo da doencga [117-119]. Contudo,
ha divergéncia entre estudos em relagdo a maior prevaléncia de sintomas entre aqueles com a
doenga clinicamente expressa em relagdo aos individuos normais [117,119]. Esta discrepancia
pode relacionar-se a baixa especificidade e a subjetividade da avaliacdo clinica baseada em

sintomas.

Nas familias com probandos geno6tipo-positivos, mutacdes podem ser detectadas em 30 a
80% dos familiares, modificando-se conforme os critérios de selecdo aplicados
[94,114,117,118,121]. Devido a maior acessibilidade dos testes genéticos, identificou-se um
subgrupo de individuos carreadores de mutacdo sem o fendtipo, sobre 0s quais persistem
interrogacBes quanto a penetrancia das variantes e evolugdo clinica da doenca [1]. Embora
evidéncias sugiram pior prognostico nos probandos com mutacdo patogénica identificada, estudo
em familiares demostrou sobrevida semelhante entre agqueles com teste genético positivo em

relacdo aos negativos e ndo testados [108,117]. Estas divergéncias podem estar relacionadas a
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menor penetrancia das mutacdes em familiares e a menor idade destes em relacdo aos pacientes

indice, refletindo menor tempo de evolugéo da doenca.

A avaliagdo eletrocardiografica na CMH identifica anormalidades em > 90% dos casos,
principalmente relacionadas a alteraces de voltagem no QRS, ondas Q patoldgicas e distdrbios
de repolarizagdo [122]. Contudo, a frequéncia dos achados divergem entre os estudos, ndo
demonstrando um padrdo unico em individuos acometidos [123-125]. Por outro lado, o nimero
de anormalidades detectadas esta diretamente relacionada a expressdo fenotipica e had uma
tendéncia de alteracédo de seu padréo no curso evolutivo da doenga, refletindo sua relacdo com as
alteracbes fisiopatoldgicas subjacentes [122,123,125-127]. Este dado é corroborado pela
evidéncia de que individuos fendtipo-positivos sem alteragdes eletrocardiograficas apresentam
melhor sobrevida [124]. Portanto, o eletrocardiograma torna-se ferramenta fundamental no
rastreamento de familiares de individuos acometidos pela CMH devido a sua sensibilidade [128].
A descricdo dos achados eletrocardiograficos na CMH restringe-se em sua maioria a individuos
com a doenca clinicamente expressa, ou seja, pacientes indice. Estes podem apresentar um
fendtipo mais avancado em relacdo aos familiares em primeiro grau e, assim, ter um
eletrocardiograma com maiores modificacBes [122]. Ainda nédo esta estabelecido quais achados
eletrocardiograficos estdo mais associados a presenca do fendtipo em familiares em primeiro grau.
Contudo, entre os individuos carreadores de mutagdo sem o fendtipo, verificou-se maior presenca
de ondas Q e alteragbes de repolarizagdo, mas com sensibilidade reduzida [129]. A avaliacéo
eletrocardiografica de individuos com CMH foi estudada recentemente através de algoritmo de
inteligéncia artificial com altissima performance, principalmente em individuos jovens < 40 anos
[130]. Contudo, a alta taxa de falsos-positivos ainda € um desafio para o uso isolado do ECG como

rastreamento da doenga [123].
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O ecocardiograma, como ferramenta fundamental no diagnéstico da CMH, é recomendado
na avaliacdo dos familiares em primeiro grau [2,3]. Na presenca de mutacdes causadoras, 0
diagnostico nos familiares pode ser estabelecido com espessura parietal maxima > 13 mm [2]. Na
auséncia de um fendtipo tipico, alteracbes como elevacéo das pressdes de enchimento, movimento
anterior sistolico incompleto da valvula mitral ou alongamento dos seus folhetos, e anormalidade
dos musculos papilares aumentam a probabilidade da doenca, principalmente na presenca de
alteracdes eletrocardiograficas [31,131,132]. Recentemente, alteracfes pré-clinicas avaliadas por
técnica de strain, tanto em ecocardiograma como em RNM cardiaca, foram capazes de identificar
individuos carreadores de mutacdo em fase pré-clinica da doenca, podendo ser ferramentas Uteis

na identificacdo daqueles sob maior risco [133,134].

2.7) MicroRNA

Os microRNAs sdo moléculas que exercem funcao através da regulacdo da expresséo
génica a nivel pds-transcripcional. Atuam por meio de interacfes com varios sitios de ligacdo no
RNA mensageiro (mMRNA), modulando cerca de 30% do codigo proteico do nosso genoma
[14,135]. Os microRNAs podem regular diversos sitios de um mRNA assim como outros
microRNAs [14]. Desta forma, possuem papel na modulacdo da proliferacdo, diferenciacéo,
desenvolvimento e apoptose celular, com acdo fundamental na resposta fisiopatoldgica ao estresse
[136-138]. As publicacdes relacionadas aos microRNAs sofreram incremento na Ultima década
devido ao fato de serem potenciais biomarcador e alvos terapéuticos [139]. Dentre os mais de 2000
identificados, cerca de 200 apresentam associagdo com doencas cardiovasculares [139,140]. Os
microRNAs podem ser detectados tanto em tecidos como em sangue periférico, no qual
encontram-se ligados a complexos lipoproteicos, em vesiculas extracelulares ou livres no plasma

[14]. Assim, atuam na modulagdo da transcricdo génica em sitios distantes, demonstrando sua
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funcéo parécrina. Diversos métodos foram descritos para sua quantificacdo, mas a técnica de
polymerase chain reaction (PCR) em tempo real é mais utilizada [139,141]. Técnica de
microarranjo também pode ser empregada na qual diversos microRNAs podem ser quantificados
em uma unica amostra, embora resulte em menor acuracia e maior custo [139,142]. Esta técnica
limita-se por utilizar primers pré-definidos, ou seja, ndo sdo capazes de identificar novos
microRNAs. Os resultados sdo analisados de forma relativa e ndo com unidade quantitativa,

utilizando-se uma amostra pareada com a dosagem de microRNA ndo-humano [139].

Em estudo recente, a combinag&o de 8 microRNAs associada ao biomarcador NT-pro-BNP
possibilitou a identificacdo de pacientes com insuficiéncia cardiaca com fracdo de ejecdo
preservada (ICFEP) quando comparados aqueles com fracdo de ejecdo reduzida [143]. A nivel
molecular, estes resultados corroboram diferencas na patogénese destas duas formas de
insuficiéncia cardiaca. Além disso, a introdugdo de novos biomarcadores, além dos peptideos
natriuréticos, poderiam auxiliar na definicdo diagndstica mais precisa da ICFEP, tdo discutida
atualmente [144]. Na insuficiéncia cardiaca aguda, identificou-se que niveis reduzidos de mir-423-
5p se associaram a pior progndéstico, mas esta relacdo ndo foi verificada em pacientes com
insuficiéncia cardiaca compensada [145]. Este achado nos permite a hip6tese de que o0s
microRNAs possuem diversos padrdes de expressdo, ou seja, um conjunto de microRNAs podem

estar expressos apenas na fase aguda e outros cronicamente expressos.

Alguns microRNAs tem sido amplamente estudados no contexto das doengas
cardiovasculares. O mir-133 apresenta maior densidade nos cardiomidcitos, mas também esta
presente no musculo esquelético. Este microRNA atua na proliferagdo de mioblastos com agédo
anti-apoptotica [146,147]. Sua expressdo encontra-se reduzida na presenca de hipertrofia

ventricular em modelo animal, em individuos com CMH e no infarto agudo do miocardio[148].
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Todavia, em niveis elevados, relaciona-se a melhora da funcéo cardiaca [146-148]. Por sua vez, o
mir-1, transcrito no mesmo loci que o mrR-133, apresenta papel pro-apoptético e atua na
diferenciacdo miofibroblastica, opondo-se ao mir-133 [148]. Igualmente abundante, o mir-1
encontra-se reduzido em pacientes com insuficiéncia cardiaca. Esta relacionado a vias de ativagédo
dos fatores de crescimento relacionados a insulina de forma a contribuir na génese da hipertrofia

dos midcitos e desenvolvimento de arritmias [139,149].

2.8) MicroRNAs na CMH

A CMH tem sido tema de estudos que objetivam caracterizar o perfil de expressdo dos
microRNAs envolvidos em sua fisiopatologia [15,16,150]. Nos casos associados a fibrose
miocardica difusa, foi verificada elevacdo sérica de 14 microRNAS circulantes, atribuida a super-
regulacao consequente ao estresse miocardico [16]. No entanto, somente a expressdo conjunta de
oito destas moléculas evidenciou alto valor preditivo para identificacdo e quantificacdo de fibrose
difusa avaliada por RNM cardiaca através de realce tardio, com melhor performance do que outros
biomarcadores como os pré-colagenos tipo | e 111 [16]. Em analise recente, foi constatada elevacao
dos niveis séricos de 12 subtipos nesta doenca: mir-27a, mir-199a-5p, mir-26a, mir-143, mir-199a-
3p, mir-29a, mir-145, mir-133a, mir-126-3p, mir-155, mir-30a e mir-21. Apenas 0s mir-27a, mir-
29a e mir-199a-5p correlacionaram-se com hipertrofia, determinada ao ecocardiograma
transtoracico e RNM cardiaca, em quatro segmentos distintos da parede ventricular esquerda. No
entanto, apenas o mir-29a e mir-21 evidenciaram associacdo especifica tanto com fibrose quanto
com hipertrofia, o que os tornam potenciais biomarcadores para avaliacdo do remodelamento
miocéardico nesta doencga [15]. Tais resultados corroboram dados obtidos em anélise subsequente
que evidenciou correlagdo da expressdo de mir-29a com areas de fibrose difusa [16]. Ainda,

identificou-se que carreadores de mutagdes em MYH7 e MYBPC3 apresentam distintos padroes de
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expressdo destas moléculas. O mir-29a circulante mostrou-se elevado naqueles com mutacéo de
MYH7, enquanto que o mir-155 estava reduzido nos casos com acometimento de MYBPC3 [150].
No entanto, estes resultados ainda ndo sao conclusivos para determinar um padrao especifico gene-

microRNA.

O mir-29a, situado no cromossomo 7, posi¢do 7¢g32.3, tem sua expressdo ligada a regulacado
da sintese de proteinas da matriz extracelular e ao processo de apoptose [151,152]. A expressdo de
mir-29a ndo é exclusiva ao midcito, mas possui intima relagdo com expressdo de fibrose em
diversos tecidos, como demonstrado em individuos com esclerose sistémica [153]. No miocérdio,
foi demonstrado ser suprimido através de expressdo de TGF-p. Esta relacionado a uma série de
genes, como 0 DNMT3A (DNA methyltransferase enzymes A), envolvidos na expressdo de
substancias como colageno, fibrilinas e elastina e resultam em ativacdo de fibroblastos e
desenvolvimento de fibrose [142,152,154]. Uma coorte de quase 6.000 individuos com doenca
arterial coronariana identificou associacdo da expressédo de mir-29a com a ocorréncia de morte
subita. Embora estes individuos ndo tenham se submetido a RNM para deteccdo de fibrose,
especula-se que estes resultados se devam a relagdo do mir-29a com ativacao de fibroblastos [155].
Em pacientes com CMH, identifica-se supra-regulacdo do mir-29a e correlagdo com aumento da
espessura parietal méxima do VE avaliada tanto ao ecocardiograma quanto a RNM
[15,16,150,156]. Associa-se igualmente com a fibrose detectada atraves de técnica de realce tardio
a RNM [15,16,156]. Em comparacao a outros biomarcadores como a troponina C ultrassensivel e
0 peptideo natriurético tipo B estudados previamente na CMH, o mir-29a apresenta maior valor

preditivo para deteccéo de fibrose miocardica [15,16,157].

O mir-21 é masculo especifico (estriado e esquelético), considerado o mais abundante no

miocardio [158]. Sua funcéo esta relacionada a acdo anti-apoptatica e ao crescimento celular [158].
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Assim como 0 mir-29a, o mir-21 apresenta papel fundamental na génese da fibrose miocardica
atraves de ativacdo de fibroblastos cardiacos via TGF-£1 [159]. Foi identificado mecanismo de
feedback entre TGF-B1 e mir-21, havendo ativagéo reciproca entre ambos [160,161]. Em modelo
de isquemia miocérdica, o mir-21 apresentou expressdo reduzida em areas infartadas, supra-
regulacdo em regides limitrofes e associacdo com a presenca de fibrose pds-infarto intermediada
por TGF-B1 [162,163]. Além disso, apresentou relacdo com vias relacionadas a hipertrofia
ventricular esquerda em modelo animal [161]. Em estudos clinicos, 0 mir-21 demonstrou supra-
regulacdo em individuos com cardiomiopatia dilatada, CMH e fibrilacdo atrial [15,143,164]. Sua
expressdo apresenta correlacdo com grau de hipertrofia no ecocardiograma transtoréacico e

presenca de fibrose 8 RNM na CMH [15,16].

A elucidacdo das bases moleculares da CMH, através do estudo dos microRNAS,
possibilitaria a introducdo de novas estratégias diagnosticas e terapéuticas desenvolvidas com
intuito de modificar a histdria natural da doenca e favorecer a detec¢do precoce. Os miR-29a e
miR-21 destacam-se como biomarcadores com fun¢des reguladoras relacionadas simultaneamente
aos processos de hipertrofia e fibrose [15,16]. Deste modo, poderao ser futuramente utilizados para

rastreamento da doenca, ou ainda como marcadores de progndsticos ou alvos terapéuticos.
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3. JUSTIFICATIVA E OBJETIVOS

A CMH é a doenca cardiovascular de origem genética mais prevalente e o conhecimento de
suas bases moleculares avangou sensivelmente nas ultimas décadas. O rastreamento da CMH entre
familiares de primeiro grau encontra-se recomendado em diretrizes internacionais com base em
estudos genéticos. Contudo, estes ndo se encontram disponiveis em algumas regides. Além disso,
em cerca de metade das familias ndo ha identificacdo de mutacdo causadora. Assim, faz-se
necessario o seguimento clinico destes familiares por longos periodos. Ainda nao esta estabelecida

qual a melhor estratégia de identificagdo e acompanhamento destes familiares nestes cenarios.

Os processos moleculares responsaveis pela modulacdo da expressdao clinica nesses
individuos ainda necessitam elucidacdo. Nos Ultimos anos, alguns fatores ambientais foram
reconhecidos como provaveis moduladores da expressdo fenotipica da CMH, mas néo a explicam
integralmente. Os microRNAs, como moléculas reguladoras da expressao génica, estdo
relacionados com a presenca de hipertrofia do VE e fibrose detectada a RNM cardiaca e podem

representar fatores moduladores das distintas expressdes fenotipicas.

Na CMH, os miR-29a e miR-21 apresentam relacdo tanto com hipertrofia miocardica
quanto com fibrose em pacientes com doenca expressa. Seu desempenho em formas pré-clinicas
ainda é desconhecido. A ampliacdo do entendimento dos microRNAs nas bases moleculares da
doenca podera ter um efeito decisivo no desenvolvimento de novos alvos terapéuticos, assim como

na identificacdo precoce de individuos com CMH.

Em decorréncia do exposto acima, este projeto tem como objetivos principais:

a. Realizar analise genético-molecular através de painel de mutagdes em pacientes com

CMH.
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b. Avaliar estratégia de rastreamento de familiares em primeiro grau atraves de avaliacdo

clinica, eletrocardiografica e ecocardiografica para identificacdo da CMH.

c. Por meio de uma revisdo sistematica, avaliar a literatura existente sobre o padréo de
expressdo dos microRNAs em pacientes com CMH, sua correlacdo fenotipica e seu

potencial como biomarcadores da doenca.
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Abstract

Background: The family screening of hypertrophic cardiomyopathy (HCM) based on the clinical
and genetic evaluation has not been systematically studied in middle-income countries. Our aim

is to evaluate a family screening strategy in first-degree relatives of patients with HCM.

Methods: Patients with HCM from a tertiary hospital in Brazil and their first-degree relatives were

submitted to clinical evaluation, electrocardiogram (ECG), echocardiogram and genetic testing.

Results: A total of 81 individuals of 23 unrelated families were recruited, 23 probands and 58
first-degree relatives. Among probands, 11 (47%) were found to harbor sarcomere mutations,
mainly in MYH7 and MYBPC3 genes. HCM phenotype was identified in ten (17%) first-degree
relatives at the clinical screening. The occurrence of 2 out of 4 clinical markers (HCM-related
symptoms, family history of sudden cardiac death, systolic murmur and an modified abnormal
ECG model) or an isolated abnormal ECG showed 100% sensitivity and 100% negative predictive
value to detect the phenotype among the first-degree relatives. A modified abnormal ECG criterion

was applied with a higher accuracy among all other markers considered for evaluation.

Conclusions: The screening of first-degree relatives based on clinical evaluation and ECG is
feasible in a middle-income country. The ECG has a central role on the identification of the

clinically affected relatives with a high accuracy.

Keywords:

hypertrophic cardiomyopathy, screening, first-degree relatives, genetic testing
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Introduction

Hypertrophic cardiomyopathy (HCM) is considered the most common genetic
cardiovascular disease affecting 1 in 200-500 individuals [1]. The disease is characterized by left
ventricular (LV) hypertrophy in the absence of other causes [2,3]. An autosomal dominant genetic
pattern is described with over 2,500 mutations identified mainly in the B-myosin heavy chain

(MYH7) and in the cardiac myosin-binding protein C (MYBPC3) genes [4—6].

The HCM-related mutations are recognized in 30-60% of probands leading to a cascade
family evaluation due to the 50% risk of first-degree relatives inherit the same genetic mutation
[2,6,7]. Current guidelines recommend family screening based on genetic testing and/or clinical
evaluation every 3-5 years [2,3]. The use of genetic testing in this setting promotes the recognition
of the genotype-positive relatives at risk of developing HCM and the discharge of genotype-
negative from long term follow-up [2,3]. Probands with a known sarcomere mutation have a worse
prognosis, but recent data show that relatives harbouring a sarcomere mutation had similar survival
than negative or untested subjects [8,9]. Whether or not relatives may have a different mutation
penetrance, these results put in question if a family genetic-based screening is capable to modify

long-term outcomes in HCM.

The electrocardiogram (ECG) is a highly available method with great sensitivity in
detecting sudden cardiac death (SCD) related disorders and has been advocated as a reliable
screening tool of HCM for a long time [10-12]. The most common ECG patterns in HCM are
related to increased QRS voltages, pathological Q waves and repolarization abnormalities,
occurring in more than 90% of cases [12]. The ECG changes along the clinical course of HCM,

reflecting increased late morbidity [12,13]. Moreover, a normal ECG at presentation is associated
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with better survival [14]. These findings reflect the intrinsic relation of the ECG abnormalities

with the underlying myocardial pathological processes [12-14].

The HCM family screening strategies in middle-income countries must consider the local
resources and economic boundaries. The use of clinical and electrocardiographic easily assessed
criteria with this purpose may have an impact on the assessment of HCM families. In this study,
we sought to evaluate the feasibility of a clinical and electrocardiographic-based screening strategy

to detect HCM in first-degree relatives in a middle-income country.

Methods

Patient selection

This is a single-center cohort study that recruited 23 unrelated consecutive probands and
their first-degree relatives at an HCM clinic from a tertiary hospital in Brazil between March 2017
and November 2019. HCM diagnosis was based on echocardiographic identification of
unexplained LV hypertrophy with a maximal wall thickness > 15 mm at any segment in the
proband or > 13 mm in first-degree relatives in the absence of other causes according to current
guidelines [2,3]. Probands were excluded if there were no first-degree relatives able to be
submitted to evaluation. The study was approved by the local ethics committees (n° 2015-0607,
2017-0042, 2018-0152, 2019-0213) and complied with the principles of the Helsinki Declaration

(2008 revision). Written informed consent was obtained from all individuals.

Clinical evaluation

All subjects were submitted to clinical evaluation, standard 12-lead electrocardiogram
(ECG), two-dimensional transthoracic Doppler echocardiogram, and blood sample collection.

Cardiac magnetic resonance imaging (MRI) was performed in the probands in cases with no
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restrictions. Symptoms such as shortness of breath, chest pain, palpitations, syncope or any other
related to the cardiovascular system were considered when relevant. The family history of HCM
was defined as the presence of a first-degree relative with a well-documented HCM diagnosis. A
family history of SCD was considered when it occurred in one or more relatives under 40 years of

age or at any age with a previous diagnosis of the disease.

Electrocardiogram

A standard 12-lead ECG was performed in all individuals. LV hypertrophy was considered
according to the following criteria: Sokolow-Lyon, SV1 + RV5/6 > 35 mV; Cornel, RaVL+SV3
> 28 mV in men and > 20 mV in women; Lewis, RI-RIII + SI1I-SI > 16 mV; and Romhilt-Estes,
> 5 points. It was also evaluated HCM typical ECG characteristics such as the presence of T wave
inversion in leads | and aVL >3mm (with QRS-T wave axis difference > 30°), V3-V6 (>3mm) or
Il 'and 11l and aVF (>5mm); abnormal Q wave (>40 ms or >25% R wave) in at least 2 leads from
I, 111, aVF (in absence of left anterior hemiblock), V1-V4; or I, aVL, V5-V6, and deep S wave in

V2 > 25 mm [15]. In probands on pacemaker rhythm, a non-paced ECG was analyzed.

Echocardiogram

All patients were evaluated with two-dimensional transthoracic Doppler echocardiography
according to the American Society of Echocardiography on commercially available ultrasound
equipment [16]. The following measurements were considered for analysis: left atrial diameter,
interventricular septal and posterior wall diastolic thickness, ejection fraction, end-diastolic and
end-systolic LV diameters, as well as the presence of mitral valve anterior motion. LV outflow
tract (LVVOT) gradient at rest and under Valsalva maneuver was assessed by the Bernoulli equation.

LVOT obstruction was defined as a gradient > 30 mmHg and severe obstruction of > 50 mmHg at
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rest or during provocation. LV diastolic function was evaluated based on Doppler mitral inflow

filling and tissue Doppler velocities.

The evaluation of the LV myocardial deformation usin global longitudinal strain (GLS)
was performed by a single investigator (W.R.M.) with a B-mod speckle-tracking software (2D
CPA TTA2.20.01, TomTec). At end-systole, three landmarks were established at the endocardial
edge (two basal and one apical), with automatic detection of speckles along the LV endocardial
edge. Peak GLS for each 2D apical view (two-, three-, and four-chamber) was obtained from the
mean of the 6 traced segments, while the mean peak GLS was calculated by averaging the peak
GLS of apical available views. It was excluded images from patients with non-sinus rhythm, poor
quality precluded speckle analysis in two or more consecutive segments, images covering less than

one complete cardiac cycle, or excessively tangential views.

Blood samples

All samples were collected from peripheral blood in EDTA containing tubes on the same
day of clinical evaluation. Samples were processed within 1 hour after collection, centrifuged at
1000xg for 10 minutes on 4°C. DNA was extracted according to the current technic [17]. RNA
was extracted with the mirVana Paris (Ambion) kit. Sample quantification was performed with

NanoDrop 1000 (ThermoScientific). All samples were stored at -80°C.

Genetic testing

The genetic-molecular analysis was performed in the proband with next-generation
sequencing (NGS) panel containing the following genes: ACTC1, ACTN2, ANKRD1, CALR3,
CSRP3, FHL1, FXN, GLA, JPH2, LAMP2, LDB3/ZASP, MYBPC3, MYH6, MYH7, MYL2,

MYL3, MYLK2, MYOZ2, MYPN, NEXN, PLN, PRKAG2, PTPN11, RAF1, TCAP, TNNC1,
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TNNI3, TNNT2, TPM1, TTN, TTR, and VCL. All fragments were purified with Exo-SAP
according to the manufacture instructions (USB Corporations, USA), following by direct
sequencing with BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, USA) and
capillary electrophoresis analyzed with ABI3500 Genetic Analyzer (Applied Biosystems, USA).
All sequences obtained were compared with those considered references for each gene. In silico
analysis was applied to evaluate the substitution effect of the amino acid in the protein based on
the conservation affected regions through the following programs: PolyPhen [18], SIFT [19],
PROVEAN [20], MutationTaster [21], and MutPred [22]. MutPred system was applied as a
hypothesis generator over the mutation structural and functional properties. Synonymous
mutations and intronic substitutions in codifying exons, not reported as polymorphisms (SNPs) or
found at the 1000 Exome Variant Server (EVS) database, were also submitted to in silico analysis
for identification of a possible splice-site alteration. NetGene [23] and Human Splicing Finder [24]
were adopted for the calculation of the consensus values of the potential splice-site. All variants
found were classified according to the American College of Medical Genetics and Genomics

criteria [25].

Statistical analysis

Continuous variables were submitted to normality test with histogram analysis and a
Shapiro-Wilk test. Data were presented as mean + standard deviation or median (interquartile
range) when appropriate. Categorical data are shown as counts and percentages. The Student T or
Mann-Whitney tests were applied to detect differences between continuous variables. Pearson chi-
square test and Fisher exact test were used to evaluate differences between categorical variables.
A logistic regression analysis was performed to assess whether clinical, demographical or

electrocardiographic characteristics were associated with a greater likelihood of an HCM
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phenotype in first-degree relatives. Clinically relevant variables were included in the model as well
as those with a P-value < 0.1. ROC curves were applied to evaluate the discriminatory power of
clinical and electrocardiographic data to recognize first-degree relatives with the HCM phenotype.
Areas under the ROC curve (AUC) were compared by the DeLong test. All variables were tested
for multicollinearity in the multivariable models by the variance inflation test. Significance was
accepted at P < 0.05 for all tests. Data were analyzed in SPSS, Version 20.0 for Windows (SPSS

Inc., Chicago, IL, USA).
Results

A total of 81 individuals of 23 unrelated families with HCM were recruited, 23 probands
and 58 first-degree relatives. Probands and relatives demographic and clinical characteristics are
shown in table 1. Probands were older [62 (23) vs. 36 (28) years, P=0.022), more likely to be male
[15 (65%) vs. 3 (30%), P=0.068)], presented with more HCM-related symptoms [18 (78%) vs. 6
(60%), P=0.022], had a greater body mass index [29.7 (4.4) vs. 25.5 (4.3) kg/m?, P=0.051], and a
higher burden of comorbidities such as hypertension [14 (61%) vs. 2 (20%), P=0.031] and diabetes

[8 (35%) vs. none], than first-degree relatives.
Genetics

Genetic testing was positive for a pathogenic/likely pathogenic mutation in 11 (48%)
probands, and for a variant of uncertain significance (VUS) in 4 (17%). The most affected genes
were MYH7 in 5 (46%) individuals and MYBPC3 in 3 (27%). KCNH2 and RYR2 were affected
in one (9%) case respectively, and MYH7 and MYBPC3 cosegregation in other one (9%) case.

VUS were present in KCNH2, LAMP2, MYHG6, and RYR2 genes in one (25%) proband each.
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Table 2 summarizes the pathogenic/likely pathogenic and VUS found in probands and their

associated clinical characteristics.

Family evaluation

The initial screening was able to detect 10 (17%) first-degree relatives with HCM. Table 1
summarizes the demographic and clinical characteristics of phenotype-positive and phenotype-
negative subjects. Dyspnea [5 (50%)] and palpitations [4 (40%)] were the most common symptoms
among them, independently of the HCM phenotype presence, but the frequency of overall HCM-
related symptoms was similar in phenotype-positive and phenotype-negative first-degree relatives
[7 (70%) vs. 24 (50%), P=0.311]. A family history of SCD was more common in phenotype-
positive first-degree relatives than in phenotype-negative [7 (70%) vs. 15 (31%), P=0.032]. Also,
phenotype-positive first-degree relatives were older [36 (28) vs. 31 (16) years, P=0.083] and more
likely to have a systolic murmur [6 (60%) vs. 13 (27%), P=0.065) than phenotype-negative,

although with borderline statistics results.

All probands [23 (100%)] and clinically affected first-degree relatives [10 (100%)] had an
abnormal ECG. The summary of the ECG patterns is shown in table 3. LV hypertrophy was the
most common finding followed by abnormal Q waves; both were more prevalent in phenotype-
positive individuals, [9 (90%) vs. 13 (27%), P=0.001) and [7 (70%) vs. 11 (23%), P=0.008], than
in phenotype-negative. In relation to LV hypertrophy criteria, Cornell [4 (40%) vs none], Lewis
[6 (60%) vs. 4 (8%), P=0.001] and Romhilt-Estes > 5 points [6 (60%) vs. 9 (19%), P=0.007]
differed between these groups. Sokolow-Lyon LV criteria [2 (22%) vs. 3 (6%), P=0.178] and S
waves in V2 > 25 mm [2 (22%) vs. 3 (6%), P=0.178] were also more frequent in the phenotype-

positive, but did not reached a statistical difference. T wave inversion was found in only one
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relative phenotype-positive. Besides these differences, phenotype-negative relatives had an

abnormal ECG in 20 (42%) of cases.

Echocardiographic evaluation of the phenotype-positive relatives in comparison to
probands showed a lower left atrial (left atrial volume 36.3%5.4 vs. 48.2+11.7 ml/m?, P=0.017),
LV end-diastolic diameter ( 42.3£2.8 vs. 46.1+5.8 mm, P=0.018), LV mass index [143 (47) vs.
178 (89) g/m?, P=0.042] and LVOT gradient [0 (0) vs. 16 (61) mmHg, P=0.034], as shown in
Table 4. In addition to the greater LV maximal wall thickness [18 (7) vs. 8 (2) mm, P=0.001], the
phenotype-positive first-degree relatives in comparison to phenotype-negative also showed a
higher left atrial diameter [40.1£5.5 vs. 34.9+4.1 mm, P=0.002], lower end-diastolic (42.3+2.8 vs.
46.7+4.1 mm, P=0.002) and end-systolic LV diameters (26.7£2.6 vs. 29.0+2.8, P=0.022), LV mass
index [143 (47) vs. 72 (19) g/m2, P=0.001], LV obstruction gradient [0 (2) vs. 0 (0) mmHg,

P=0.002], E/e’ [10.6+4.2 vs. 6.8+1.7, P=0.001], and GLS (-17+4 vs. -21.8+2, P=0.001].
Phenotype screening strategy

Unadjusted and adjusted analyses were performed to assess the association of
demographic, clinical and electrocardiographic characteristics with a greater likelihood to detect
an HCM phenotype among first-degree relatives. As shown in Table 5, age [OR 1.04 (1.00-1.09),
P=0.037], family history of SCD [OR 3.81 (1.1-13.2), P=0.035] and abnormal ECG [OR 11.88
(1.60-0.015), P=0.015] were associated with HCM among relatives in the unadjusted analysis. A
known mutation in the proband, systolic murmur or HCM-related symptoms showed borderline
results. We considered HCM-related symptoms, systolic murmur, family history of SCD and an
abnormal ECG as clinical markers to recognize the phenotype-positive first-degree relatives at
initial screening, based on the unadjusted analysis. Although an older age showed a borderline

result for an independent association with the HCM phenotype, this variable was not added to the
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model considering that all family members should be evaluated independently of age. The adjusted
analysis for these clinical markers showed that only abnormal ECG [OR 7.6 (1.07-53.71),
P=0.042] was independently associated with the occurrence of the HCM phenotype in the first-

degree relatives. A family history of SCD showed borderline results.

The accuracy of all clinical markers and ECG findings to identify first-degree relatives
with a HCM phenotype is shown in table 6. HCM-related symptoms [AUC 0.60 (0.41-0.78),
P=0.323), family history of SCD [AUC 0.68 (0.51-0.87), P=0.056], and heart murmur [AUC 0.66
(0.47-0.85), P=0.104) alone were not able to discriminate those with the phenotype. Among ECG
findings, LV hypertrophy by any criteria showed the highest AUC (0.81, 0.67-0.95, P=0.002).
Lewis [AUC 0.75 (0.56-0.95), P=0.011] and Cornell [AUC 0.70 (0.48-0.91), P=0.048]
demonstrated the greatest accuracy, 86% and 89% respectively. Abnormal Q waves had an
accuracy of 75% and an AUC of 0.73 (0.55-0.91, P=0.022). Although T wave abnormalities had
an accuracy of 84%, the AUC [0.55 (0.34-0.75), P=0.620] did not reach statistical significance.
The array of ECG abnormalities reached 65% accuracy for detecting phenotype-positive first-
degree relatives with an AUC of 0.79 (0.67-0.90, P=0.004). A modified abnormal ECG model was
created to increase accuracy, in which were included the variables with a higher AUC: two LV
hypertrophy criteria (Cornell and Lewis) and abnormal Q waves. The modified abnormal ECG
model showed an accuracy of 85% with an AUC of 0.85 (0.75-0.95, P=0.001). A model based on
all clinical markers (HCM-related symptoms, family history of HCM, heart murmur and modified
abnormal ECG) showed an AUC of 0.89 (0.80-0.99, P=0.001). As shown in figure 1, there is an
increase in the rate of detection of phenotype-positive first-degree relatives according to the
number of clinical markers and the presence of electrocardiographic findings in the modified

model. It was applied a cut-off >2 clinical markers and >1 ECG abnormalities in both employed
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criteria (abnormal ECG and modified abnormal ECG), with all of them showing 100% sensitivity
and 100% negative predictive value. However, the modified abnormal ECG criteria presented with
a higher AUC 0.85 (0.75-0.95), P=0.001 in comparison with the cut-off > 2 clinical markers [0.78
(0.66-0.90), P=0.005], (P=0.02) and >1 abnormal ECG findings [0.79 (0.67-0.90), P=0.004],

(P=0.009).

Phenotype-negative first-degree relatives

It was observed that 48 (83%) of first-degree relatives were phenotype-negative. HCM-
related symptoms and heart murmur were present in 13 (27%) of these subjects, respectively, and
family history of SCD in 15 (31%) (Table 1). ECG abnormalities were found in 20 (42%)
individuals, especially LV hypertrophy by any criteria in 13 (27%), and abnormal Q waves in 11
(23%). A modified abnormal ECG model was present in 14 (29%). The absence of clinical markers
was not able to discriminate those members without the phenotype [AUC 0.57 (0.39-76),
P=0.471]. However, a normal ECG showed an AUC of 0.79 (0.67-0.90) P=0.004, and a modified
ECG model an AUC of 0.85 (0.759-0.950), P=0.0001 to detect normal individuals. The
comparison between ROC curves showed a greater discriminatory power of the modified abnormal
ECG to identify normal family members (P=0.009). A normal modified ECG showed sensitivity
of 71%, specificity of 100%, positive predictive value of 100%, negative predictive value of 42%

and accuracy of 76%.

Discussion

This study evaluated 23 unrelated families from an HCM clinic of a tertiary public hospital
in Brazil. Approximately a fifth of the first-degree relatives showed the HCM phenotype

presenting with younger age, fewer symptoms, and a lower degree of atrial and ventricular
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remodeling. It was identified four easily assessed clinical markers that predicted with high
accuracy those individuals with a positive clinical screening for HCM, especially in cases with a
cut-off of > 2 clinical markers and/or ECG abnormalities. The ECG played a central role in the

identification of the affected first-degree relatives.

A positive genetic screening may show different results according to the selected
population [9,26,27]. In our study, 47% of probands were found to harbor a sarcomere mutation,
mainly in MYH7 and MYBPC3 genes. The genetic panel comprised the sequencing of over 30
genes including those related to HCM phenocopies such as LAMP2, GLA and TTR. This genetic

profile is similar to previous findings in the Brazilian population [28,29].

Up to our knowledge, this is the largest HCM family screening reported in Brazil. Previous
studies showed a large range of HCM recognition in relatives from 2.5% to 46% [7,29,30]. Our
study showed an intermediate (17%) prevalence of HCM phenotype among first-degree relatives,
perhaps justified by the fact that the disease penetrance is incomplete [6]. These members
presented with several differences in comparison to probands, such as a lower burden of symptoms
and comorbidities, as well as lower body mass index and lower left atrial and LV remodeling.
These findings may be explained by the younger age of the first-degree relatives, which implies a
shorter disease course. Besides, it has been shown that the incidence of HCM-related symptoms
and the phenotype expression increases according to the age of the individuals under screening

[9,30,31].

An abnormal ECG may be the first phenotypic manifestation of HCM [32]. These
electrocardiographic changes have been studied previously showing abnormalities in >90% of
cases [10,12,33]. However, its prognostic role is still uncertain [13,34]. In our study, both probands

and phenotype-positive first-degree relatives showed frequent ECG abnormalities. However,
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probands showed a higher rate of LV hypertrophy (by any criteria) and T wave inversion, although
not statistically significant. It is known that ECG changes are detected in the long-term follow-up
of HCM patients and may have a lower burden in younger-age relatives [12]. Nevertheless, the
lack of power due to the small sample size may explain our results. ECG abnormalities were more
common in the phenotype-positive first-degree relatives in comparison to phenotype-negative. LV
hypertrophy criteria were the major finding in 90% of them, but abnormal Q waves also showed a
high prevalence (70%). Phenotype-negative first-degree relatives showed an abnormal ECG in
42% of cases, mainly due to the presence of LV hypertrophy and abnormal Q waves. Moreover, a
normal ECG had a higher accuracy to detect phenotype-negative relatives when compared to other
clinical markers. The genotype-positive with no overt HCM may present with ECG abnormalities,
such as increased precordial voltages and deep Q waves, although no specific pattern has been
described yet [12,35]. HCM phenocopies related to storage diseases are also associated with very
high amplitude QRS, but may present with very low voltages when extracellular infiltration of the
myocardium occurs, such as in amyloidosis [12]. It has been proposed that genotype-
positive/phenotype-negative relatives with abnormal ECG should be followed closely in contrast
to those with a normal test, in which no restrictions are applied [32]. A QRS complex ECG criteria
have been used as a strategy tool for screening HCM and other SCD-related disorders with
reasonable sensitivity and negative predictive value [11]. Recently, an automated HCM screening
using ECG showed similar performance when compared to a trained electrophysiologist [36].
Therefore, due to its availability and low cost, the ECG should be applied as a reliable HCM

screening tool.

The low rate of application of genetic testing in middle-income countries may be related

not only to limit budget but also to ethical and cultural issues [37]. In these settings, the clinical
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screening of families with HCM should use locally available resources. Based on the adjusted
analysis, a screening strategy was built integrating easily and accessible data from clinical and
electrocardiographic evaluation to detect phenotype among first-degree relatives. Despite the
association with a positive phenotype in relatives, age was not added to the screening strategy. All
relatives should be included independent of age in these cases [31]. In relation to the set of 4
clinical markers (HCM-related symptoms, family history of SCD, systolic murmur, and a modified
abnormal ECG model), it was observed an increase in accuracy according to the number of
identified variables. It reached an AUC of 0.89, the greatest among all studied criteria, with
sensitivity and negative predictive value of 100%. The fact that ECG has added diagnostic power
to an early screening of HCM families, points out that electrical remodeling occurs simultaneously
or even precedes the development of morphological and functional abnormalities in this disease
[12]. In this sense, a normal ECG showed good discrimination ability in detecting family members

without the phenotype.

The ECG abnormalities described in our study showed a high sensitivity to recognize
phenotype-positive first-degree relatives. Among those, LV hypertrophy criteria had higher
accuracy in comparison to abnormal Q waves and T waves abnormalities. Despite the good
performance of an abnormal ECG to detect HCM phenotype among relatives, it was proposed a
modified abnormal ECG model, which was able to detect HCM phenotype with higher accuracy
(76%) and sensitivity (100%). Previous studies show that LV hypertrophy and abnormal Q waves
are the most common findings in HCM [10,12]. However, few reports have included first-degree
relatives and it may impact the results. The probands usually have a longer disease course and a

more severe ECG pattern in comparison to these younger phenotype-positive relatives [12,31]. In
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our study, LV hypertrophy criteria and abnormal Q waves differed between probands and first-

degree relatives, but it failed to reach statistical difference probably due to the small sample size.

The strategy to detect phenotype-positive first-degree relatives must be highly sensitive,
but with the lowest possible false-positive rate. HCM guidelines recommend the use of genetic
testing for family screening, but there is not a formal strategy in cases of none availability [2,3].
The 4 clinical markers and an abnormal ECG showed a higher AUC, but when cut-offs were
applied, the ECG became more accurate. It is still unclear if a family screening strategy without
genetic testing should include a broader clinical evaluation or if a single ECG is accurate enough
to identify those with the phenotype. Also, should the absence of clinical markers or a normal ECG
avoid routine echocardiography evaluation? Further studies with larger samples are needed to

clarify this hypothesis.

Future perspectives

Genetic testing in middle-income countries is not widely available. Indeed, it is still to be
performed in the relatives included in this study. The phenotype-negative relatives will be re-
assessed in 3 and 5 years of follow-up and results will be analyzed to evaluate the cost-

effectiveness of genetic screening in comparison to clinical follow-up.

Strengths and study limitations

This study proposes an easy and widely available tool to screen first-degree relatives of
patients with HCM in a middle-income environment. However, this is a single-center study and
results should be taken carefully. The small sample size may lack the power to show other
associations of clinical and electrocardiographic characteristics to detect phenotype-positive first-

degree relatives. These results are not definitive and a larger sample should be studied to better
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assess the accuracy of the proposed clinical strategy. The absence of pediatric patients also limits
the results to an early adulthood screening. Furthermore, a follow-up of the phenotype-negative

subjects must be performed to establish the best time for reassessment.

Conclusions

The best strategy for the family screening of first-degree relatives of patients with HCM is
yet to be established in settings without genetic testing. Clinical and ECG evaluation should be
applied to this aim due to its great availability. We showed that the presence of 4 clinical markers
(HCM-related symptoms, systolic murmur, family history of SCD and modified abnormal ECG
model) or an isolated abnormal ECG may be useful to detect phenotype-positive first-degree
relatives. The ECG has shown to play a central role in family screening, signaling the presence of
an electrical remodeling even in subjects with early disease course. A normal ECG showed good

reliability in detecting phenotype-negative family members.
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Table 1. Demographic and clinical characteristics of probands with hypertrophic cardiomyopathy
and their first-degree relatives

Age (years)

Male sex, (%)

BMI, (kg/m?)

HCM-related symptoms, (%)
Dyspnea, (%)

Functional class NYHA,
(%)

1111, (%)
/IV, (%)
Chest pain, (%)
Syncope, (%)
Palpitations, (%)
FH of HCM, (%)
FH of SCD, (%)
Hypertension, (%)
Diabetes, (%)
AF, (%)
Heart rate, (%)
Systolic BP, (%)
Diastolic BP, (%)
Systolic murmur, (%)
Betablocker, (%)
CC blocker, (%)

Probands First-degree relatives
All All Phenotype + Phenotype - o -

(N=23) (N=58) (N=10) (N=48)

62 (13) 31 (16) 36 (28) 31 (16) 0.022  0.083
15 (65%) 26 (45%) 3 (30%) 23 (48%) 0.062  0.487
29.7 (4.4) 255(4.3)  25.9(5.6) 25.5(4.1) 0.051  0.853
18 (78%) 19 (33%) 6 (60%) 13 (27%)  0.252  0.065
19 (83%) 18 (31%) 5 (50%) 13 (27%)  0.053  0.258
17 (74%) 18 (31%) 5 (50%) 13 (27%) 0.032 0.135
3 (13%) - - -

7 (30%) 8 (14%) 3 (30%) 5 (10%) 0.980 0.131

5 (22%) 4 (7%) - 4 (8%) 0.142  0.592

5 (22%) 19 (33%) 4 (40%) 15(31%)  0.279  0.714
8 (35%) - - - - -
15 (65%) 22 (38%) 7 (70%) 15 (31%) 0.789  0.032
14 (61%) 5 (9%) 2 (20%) 3 (6%) 0.031  0.202
8 (35%) - - - 0.032

6 (26%) 1 (2%) 1 (10%) - 0.299  0.172

64 (28) 80 (13) 80 (15) 78 (18) 0.305 0.726
130 (20) 123 (19) 120 (19) 124 (18) 0.105  0.337

80 (10) 80 (12) 75 (11) 80 (14) 0.954  0.238
18 (78%) 19 (33%) 6 (60%) 13(27%)  0.252  0.065
17 (74%) 5 (9%) 4 (40%) 1 (2%) 0.063  0.002

7 (30%) 1 (2%) 1 (10%) - 0.208  0.172
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Diuretic, (%) 12 (52%) 3 (5%) 2 (20%) 1 (2%) 0.086  0.074
ACEi/ARB, (%) 6 (26%) 4 (T%) 1 (10%) 3 (6%) 0.299  0.541
Alcohol septal ablation, (%) 2 (9%) - - - - -
Myectomy, (%) 2 (9%) - - - - -
ICD, (%) 6 (26%) - - - - )

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; BP, blood pressure; ARB, angiotensin Il
receptor blocker; BMI, body mass index; CC, calcium channel; FH, family history; G+, genotype-positive; G-,

genotype-negative; ICD, implantable cardioverter-defibrillator; Phenotype+, phenotype-positive, Phenotype-,
phenotype-negative; SCD, sudden cardiac death.

P* test between probands and phenotype-positive relatives

P** test between phenotype-positive and phenotype-negative first-degree relatives
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Table 2. Results of the next-generation genetic sequencing and clinical characteristics of

probands with hypertrophic cardiomyopathy.

Family Gene cDNa change Protein Interpretation MWT (mm) FH SCD
AD MYH7 c.4508G>A  p.E1468K P/LP 18 +
AK KCNH2 €.526C>T p.R176W VUS 24 -
AC MYBPC3 €.1484G>A p.R495Q P/LP 19 +

MYH7 c.4508G>A  p.E1468K P/LP
AH 13 -

MYBPC3 C.2686G>A p.V896M P/LP
AD MYH7 €.2389G>A p.A7T97T P/LP 20 -
AM MYBPC3 ¢.1505G>A p.R5020Q P/LP 17 -
AN LAMP2 €.12347>C p.T412Q VUS 21 +
AQ MYH7 €.2750C>T p.A917V P/LP 18 -
AS MYH7 €.1063G>A p.A355T P/LP 23 +
AT MYH6 ¢.3010G>T p.A1004S VUS 16 +
AU MYBPC3 C.1484G>A p.R4950Q P/LP 17 +
AW KCNH2 €.2863C>G p.L955V P/LP 22 +
AX RYR2 C.593A>T p.N198I VUS 15 -
AY MYH7 €.788T>C p.1263T P/LP 23 +
BB RYR2 c.147G>C p.LA9F P/LP 15 +

FH SCD, family history of sudden cardiac death; MWT, maximal wall thickness; P/LP, pathogenic/likely

pathogenic; VUS, variant of unknown significance
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Table 3. Electrocardiographic characteristics of hypertrophic cardiomyopathy probands and their first-

degree relatives.

Probands First-degree relatives
All All Phenotype+  Phenotype-
px P
(N=23) (N=58) (N=10) (N=48)

Any ECG abnormalities 23 (100%) 30 (52%) 10 (100%) 20 (42%) 1.00 0.001

LV hypertrophy by any criteria 22 (96%) 13 (22%) 9 (90%) 13 (27%) 0.532 0.001

Sokolow-Lyon 11 (48%) 5 (9%) 2 (22%) 3(6%) 0.245 0.178

Cornell 16 (70%) 4 (7%) 4 (40%) - 0.139 0.001

Lewis 15 (65%) 10 (17%) 6 (60%) 4(8%) 0775 0.001

Romhilt-Estes > 5 points 20 (87%) 15 (26%) 6 (60%) 9(19%) 0.161 0.007

Abnormal Q waves 8 (35%) 18 (31%) 7 (70%) 11 (23%) 0.126 0.008

S waves in V2 > 25 mm 5 (22%) 5 (9%) 2 (22%) 3(6%) 0911 0.178
T wave inversions

DI and aVL (>3mm) 9 (39%) 1 (2%) 1 (10%) - 0.123 0.175

DIl and DIl and aVF (>5mm) 1 (4%) - - - - -

V3-V6 (>3mm) 9 (39%) - ; ; ] ]

LV, left ventricle; Phenotype+, phenotype-positive; Phenotype-, phenotype-negative
P* test between probands and phenotype-positive relatives

P** test between phenotype-positive and phenotype-negative first-degree relatives
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Table 4. Phenotypic characteristics of probands and relatives evaluated by echocardiogram and cardiac

magnetic resonance imaging.

Probands First-degree relatives
All All Phenotype+ Phenotype- o -
(N=23) (N=58)  (N=10)  (N=48)

Echocardiogram

LA, (mm) 45.7+5.7 35.8+4.8 40.1+5.5 34.9+4.1 0.013 0.002
LA volume, (ml/m?) 48.2+11.7 31.0+8.6 36.3+5.4 29.848.7 0.017 0.071
LVDD, (mm) 46.1+5.8 459+4.2  42.3+28 46.7+4.1  0.018 0.002
LVSD, (mm) 29.1+4.5 28.6+0.9 26.7+2.6 29.0+2.8 0.06 0.022
MWT, (mm) 19 (5) 8 (3) 18 (7) 8(2) 0.343 0.001
PW, (mm) 11 (2) 8 (1) 8(2) 8(1) 0.001 0.169
EF, (%) 66.3+6.2 67.7+4.4 67+4.7 67.8+4.4 0.772 0.589
LV mass index, (g/m?) 178.4 (89) 73 (28) 143 (47) 72 (19) 0.042 0.001
PASP, (mmHg) 30 (79) 19.5(26) 24 (28) 18 (25) 0.09 0.158
LVOT gradient (rest), mmHg 16 (61) 0 (0) 0(2) 0 (0) 0.034 0.002
LVOT gradient (Valsalva),

mmHg 18 (80) 0 (0) 0(2) 0 (0) 0.028 0.002
LVOT obstruction 11 (48%) 1 (2%) 1 (10%) - 0.038 0.175
LVOT severe obstruction 10 (44%) 1 (2%) 1 (10%) - 0.061 0.175
SAM 8 (35%) 2 (4%) 1 (10%) 1(2%)  0.142 0.339
Ele' 14.946.3 7.47+2.6 10.6%4.2 6.8+1.7 0.09 0.001

GLS, (%) -16.5+3 -21+3 -17+4 -21.8+2 0.741 0.001
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Cardiac MRI (n=16/23)
LGE, (%) 9 (56%)

MWT, (mm) 21 (3.7)

ECG, electrocardiogram; EF, ejection fraction; Gn+, genotype-positive; Gn-, genotype-negative; GLS, global longitudinal
strain; LA, left atrium; LGE, late gadolinium enhancement; LVDD, left ventricular diastolic diameter; LVSD, left ventricular
systolic diameter; LVOT, left ventricular outflow tract; MRI, magnetic resonance imaging, MWT, maximal wall thickness;
Ph+, phenotype-positive, Ph-, phenotype-negative; PASP, pulmonary artery systolic pressure; PW, posterior wall; SCD,
sudden cardiac death.

P* test between probands and phenotype-positive relatives

P** test between phenotype-positive and phenotype-negative first-degree relatives



Table 5. Unadjusted and adjusted analysis to evaluate demographic, clinical, and

electrocardiographic characteristics associated with HCM diagnosis in first-degree relatives.

Age (years)

Known mutation in family
HCM-related symptoms
FH of SCD

Systolic murmur

Abnormal ECG

Unadjusted Adjusted

OR Cl P OR Cl P
1.04 1.00-1.09 0.037

2.62 0.61-11.2 0.194

2.33 0.53-10.1 0.257 2.10 0.79-5.56 0.136
381 1.1-13.2 0.035 2.62 0.94-7.29 0.064
3.07 0.98-9.62 0.053 1.59 0.59-4.25  0.353
11.88 1.60-87.7 0.015 7.60 1.07-53.71  0.042

Cl, confidence interval; ECG, electrocardiogram; FH, family history; OR, odds ratio; SCD, sudden cardiac

death;

86
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Table 6. Accuracy of clinical markers and abnormal ECG to detect phenotype-positive first-degree relatives.

Sensitivity Specificity PPV NPV  Accuracy AUC Cl P
HCM-related symptoms 70% 50% 23% 89% 53% 0.60 0.41-0.78 0.323
Family history of SCD 70% 69% 32% 92% 69% 0.68 0.51-0.87 0.056
Heart murmur 60% 73% 32%  90% 71% 0.66 0.47-0.85 0.104
LV hypertrophy by any criteria 90% 73% 41% 97% 76% 0.81 0.67-0.95 0.002
Sokolow-Lyon 20% 94% 40%  85% 81% 0.56 0.36-0.77 0.497
Lewis 60% 91% 60% 91% 86% 0.75 0.56-0.95 0.011
Cornell 40% 100% 100% 89% 89% 0.70 0.48-0.91 0.048
Romhilt-Estes > 5 points 60% 81% 40% 91% 78% 0.70 0.51-0.89 0.042
Abnormal Q waves* 70% 77% 39% 92% 75% 0.73 0.55-0.91 0.022
T wave abnormalities** 10% 100% 100% 84% 84% 0.55 0.34-0.75 0.620
S wave > 25mm in V2 20% 94% 40% 85% 81% 0.56 0.36-0.77 0.490
Abnormal ECG 100% 58% 33% 100% 65% 0.79 0.67-0.90 0.004
Modified abnormal ECG *** 100% 71% 42% 100% 76% 0.85 0.75-0.95 0.001
Clinical markers**** - - - - - 0.89 0.80-0.99 0.001
>1 100% 17% 20% 100% 31% 0.58 0.40-0.76 0.410
>2 100% 56% 32% 100% 64% 0.78 0.66-0.90 0.005
>3 70% 90% 58% 94% 86% 0.79 0.62-0.97 0.003
>4 30% 100% 75% 87% 88% 0.65 0.43-0.86 0.138

AUC, area under the receiver operating characteristics curve; Cl, confidence interval; ECG, electrocardiogram; NPV, negative

predictive value; PPV, positive predictive value;

*Abnormal Q: >40ms or >25% R wave) at least 2 leads from DII, DIII, aVF; V1-V4; |, aVL, orV5-V6;

**T wave inversion in leads DI and aVL (>3mm) or T wave inversion at DIl and DIII and aVF (>5mm) or T wave Inversion at V3-V6

(>3mm)

***L_V hypertrohy criteria (Lewis and Cornell) and abnormal Q wave
**** HCM-related symptoms, family history of SCD, systolic murmur, modified abnormal ECG model



FIGURE LEGENDS

Figure 1. Screening strategy in first-degree relatives of probands with hypertrophic

cardiomyopathy

FIGURE 1
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anterior hemiblock), V1-V4; or |, aVL, V5-V6
Family history of SCD - DeepSwaveinV2>25mm
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Highlights

- Several miRNAs have been associated with hypertrophic cardiomyopathy

- Main phenotype correlation has been found for mir-1-3p, mir-19b, mir-21, mir-29a, mir-
155, and mir-221

- Mir-29a showed the greatest consistency of findings regarding hypertrophy and fibrosis
association

- miRNAs are biomarkers candidates in hypertrophic cardiomyopathy
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Abstract

Background: Several microRNAs (miRNA) have been associated with hypertrophic
cardiomyopathy (HCM), but studies differ regarding methods employed. In an attempt to
understand their role in the disease, we performed a systematic review of studies assessing

miRNAs and their association with HCM.

Methods: The literature search was based on The Medical Subject Headings (MeSH) terms
“Hypertrophic Cardiomyopathy” and “MicroRNA" combined with other synonyms on Embase,
Medline and LILACS databases in April 2020. The selected studies and data extraction were
independently evaluated. Only human reports with a clear definition of HCM diagnosis were

included.

Results: The search found 68 studies, 13 fulfilled the selection criteria, with a total of 329 patients.
Eighty-seven miRNA were differentially expressed in HCM patients, being mir-21, mir-29a and
mir-133 the most reported. The miRNA were mainly up-regulated, where mir-29a was up-
regulated in 6 studies, followed by mir-133 in 4 and mir-21 in 3. Blood samples were evaluated
in the majority of patients (86%), but a greater number of miRNAs (79%) were assessed in
myocardium. Six studies evaluating the phenotype correlation demonstrated that several miRNAs,
mainly mir-1-3p, mir-19b, mir-21, mir-29a, mir-155, and mir-221, were related to either

hypertrophy or fibrosis. Mir-29a showed a more consistent phenotypic correlation.

Conclusion: Eighty-seven miRNAs were differentially expressed in HCM patients, the majority
in up-regulation. Mir-21, mir-29a and mir-133 were the most reported. Correlation with left
ventricular hypertrophy and fibrosis was evaluated in six studies for several miRNAs,

nevertheless, mir-29a showed more consistent findings and seems to be a promising biomarker.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a cardiovascular genetic disorder with an
autosomal dominant pattern with more than 1,500 mutations described mainly on sarcomeric genes
and Z disks in different populations worldwide®2. Its prevalence ranges from 1:200 to 1:500, being
the major cause of sudden cardiac death in young and athletes®. It is characterized by left
ventricular (LV) hypertrophy in the absence of other causes®. The clinical expression may vary
from asymptomatic carriers to severe ventricular hypertrophy even between first-degree relatives-
35 This phenotype expression variability may be explained by incomplete mutation penetrance,

but the underlying process is still unknown?.

MicroRNAs (miRNA) are small noncoding ribonucleic acid molecules that act at a post-
transcriptional level on gene expression regulation®. The tissue evaluation of miRNA with
microarray technic set the basis of the understanding of their role on several key processes related
to myocardial hypertrophy, fibrosis, and apoptosis’®. Therefore, they are implicated in the
pathogenesis of several cardiovascular diseases such as heart failure, myocardial ischemia, and
atherosclerosis® 1. The stability of blood plasma and the resistance to pH and temperature variance
makes these molecules good candidates to be used as clinical biomarkers®. However, there are
some challenges in the measurement of extracellular miRNA due to its lower concentration, high
sensibility to pre and post-processing factors, and high concentration of miRNA in blood cells that
can confound the results of the study*2. While their use as biomarkers in peripheral samples seems
promising and could add useful information in the clinical setting, careful evaluation of current

studies is necessary in order to understand the performance of miRNAs in HCM.

The potential role of miIRNAs in HCM and their association with the expression of

myocardial hypertrophy and/or fibrosis has been suggested in some studies*®**>. However, most
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reports are small, and there is variability in clinical settings, methods, sample tissue, miRNAs
selection and results. This systematic review sought to evaluate available data regarding miRNAs
and their association with HCM phenotypic expression, in an attempt to identify those more

consistently related to hypertrophy and fibrosis.

Methods

Search strategy

A systematic literature search was performed on the Embase, Medline and LILACS
databases in April 2020. The Medical Subject Headings (MeSH) terms ‘“Hypertrophic
Cardiomyopathy” and “MicroRNA™ were combined with other synonyms to detect papers that
assessed miRNA expression in HCM. The full search strategy is found in the supplementary

material. This systematic review is reported according to PRISMA guidelines.

Article selection

We selected studies that evaluated the miRNA profile in human HCM. The articles were
select by two independent authors (F.L.S and L.S.F) after initial screening by title and abstract
and, after initial eligibility, by full-text evaluation. For articles that were discordant on first
judgment, a third author (A.B.) was consulted. References from selected studies were revised to
detect additional papers, especially in reviews. Data selected for extraction were the number of
patients, the miRNA submitted to an evaluation, the microarray assessment validated with real-
time polymerase chain reaction PCR (RT-PCR), the system biology approach and the phenotype
correlation. All pre-selected studies were submitted to the Downs and Black checklist for quality

assessment'®.

Exclusion criteria
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Exclusion criteria included non-HCM studies, animal models, reviews, letters, editorials,
duplicates and articles not available in English. In studies that evaluated the miRNA profile in
HCM and non-HCM, the authors extracted only the information on HCM. Reports that used data
from unpublished studies or those that did not evaluated a profile of miRNA in HCM patients,

such as bioinformatics analysis, were not included.

Data collection

Quality among studies was evaluated through miRNA extraction technic regarding the
tissue sample, such as blood serum or myocardium, the employment of microarray and the
validation with RT-PCR. We searched for the main report and the supplementary material to assess
the miRNAs evaluated in each study. Some studies evaluated many miRNAs but reported only
those up- or down-regulated. In these cases, we extracted the available information. Data was also
classified using the number of studies checking the same miRNA, the number of subjects and the
phenotype correlation. Up, down or mixed regulations were evaluated only in those miRNAs
mentioned in more than one report. Up-regulation was defined as the absence of down-regulation
for a single miRNA in all studies and down-regulation as the absence of up-regulation. Up- or
down-regulation were classified independently of the number of studies with neutral effect. Mixed-
regulation was defined as the presence of at least one report with up-regulation and one with down-
regulation for a single miRNA. Exclusively up- or down-regulation were described when all
articles showed the same result without a neutral effect. In cases in which the correlation between
miRNA expression and HCM phenotype was described, data was extracted if studies presented a
clear definition of the diagnosis, imaging methods and exclusion criteria. Left ventricular

hypertrophy detected on transthoracic echocardiogram (TTE) or cardiac magnetic resonance
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(CMR) and fibrosis evaluated by late gadolinium enhancement (LGE) on CMR were considered

as the main phenotype expressions.
Results

The search strategy is presented in Figure 1. Sixty-eight articles were identified; 19 (28%)
were excluded for not corresponding to HCM and other 17 (25%) for not including microRNA
profile. From the remaining 32 (47%) articles, 5 (7%) were reviews, 5 (7%) were letters or
editorials, 4 (6%) were not written in English, 4 (6%) were experimental animal models, and one
(1%) did not provide results for microRNA expression. Thirteen (19%) articles fulfilled the
selection criteria and were included!31424-261517-23 Quality evaluation through Down and Blacks

checklist is shown in Table 1.
Characteristics of selected studies

The search identified 87 microRNAs expressed in a total of 329 HCM subjects. Most of
the studies have included controls (10 out of 13)*-1517-21.2426 Five (38%) evaluated microRNAs
on blood serum?31520.35 7 (54%) on myocardial samplest’~1%21-24 and one (8%) study employed
both blood serum and myocardial tissue?®. All reports applied RT-PCR assays, but two used a
preliminary microarray technic'>?2 to identify miRNAs and further validation was determined with
RT-PCR. Table 2 shows the characteristics of selected studies: the inclusion of controls, sample,

methods, and miRNAs evaluated in each report.
MiRNA levels in HCM

Thirty-four (39%) microRNAs were assessed in more than one study. The mir-21, mir-29a
and mir-133a were evaluated in 7 studies, followed by mir-1, mir-155 and mir-199a-3p in 5, mir-

27a, mir-143-3p, mir-145-3p, mir-199a-5p, mir-208a, mir-208b, mir-214, mir-451, mir-499-3p in
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3, and mir-10b, mir-10b*, mir-19b, mir-26a, mir-30a, mir-30b, mir-30d-5p, mir-92a, mir-93, mir-
96-5p, mir-126-3p, mir-126-5p, mir-133b, mir-142, mir-195, mir-221, mir-222, mir-483-5p and
mir-497 in 2. The remaining microRNAs were assessed in only one report. Figure 2 summarizes

in a heat map all evaluated microRNAs.
Blood/serum samples

Among the studies, 6 (46%) evaluated miRNAs on peripheral blood comprising 282 (86%)
of studied patients and 42 (48%) miRNAs!3-1°202526 - According to prespecified criteria, among
the 20 (47%) miRNAs evaluated in more than one study, 8 (40%) were found to be exclusively
up-regulated in HCM (29a, mir-27a, 143-3p, 145-3p, 199a-5p, 30a and 125-3p) in all of them,
although 7 (88%) of those were assessed in only 2 reports. Another group of 7 (35%) miRNAs
were also up-regulated (mir-133a, mir-21, mir-199a-3p, mir-214, mir-499-3p, mir-126-5p, and
mir-195). Results were mixed in 2 (10%) miRNAs (mir-155 and mir-19b) showing both up- and
down-regulation and 3 (15%) were neutral (mir-1, mir-208a, and mir-208b). There was no
exclusive down-regulation. Mir-133a was the most reported (5 studies), followed by mir-29a and
21 (4 studies). Of the 22 miRNAs evaluated in only one study, 14 (64%) were up-regulated, and 8

(36%) had a neutral effect.
Myocardium tissue

Myocardium tissue was evaluated in 8 reports comprising 89 (27%) patients and 69 (79%)
mMiRNA-1921-2426 T\welve (17%) miRNA were evaluated in more than one report. Exclusive up-
regulation was found in 3 (25%) miRNA (mir-221, mir-451, and mir-222) and exclusively down-
regulation in 1 (8%) (mir-1). Another 5 (42%) were up-regulated (mir-29a, mir-133a, mir-199-3p,

mir-93 and mir-497), 1 (8%) down-regulated (mir-21), and 2 (17%) were mixed (mir-155 and mir-
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10b*). The most reported miRNA was mir-29a (3 studies). The remaining 56 (81%) miRNA were
evaluated in only one study, up-regulated in 35 (63%), down-regulated in 13 (23%) and neutral in

8 (14%).
Phenotype correlation

Six studies evaluated whether miRNAs correlated with the HCM phenotype, either
hypertrophy or fibrosis (Table 3)3-1°24-26 Most of them (4 out of 6) studied miRNAs in blood
samplest®12° one evaluated both tissues?® and one only myocardium?*. In Roncarati 2014 et al.,
21 miRNAs were assessed in peripheral blood samples of 41 patients and sex- and age-matched
controls. Mir-29a was the only miRNA found to be correlated with both LV hypertrophy and
fibrosis determined by TTE and/or CMR®. Fang 2015 et al. selected 14 miRNAs after microarray
validation and assessed diffuse fibrosis by T1 mapping on CMR. Mir-29a and mir-133 showed a
moderate area under the receiver operating characteristics curve (AUC) (0.663 and 0.742,
respectively) for the presence of diffuse fibrosis, while the combination of all 14 miRNAs showed

a more increased AUC (0.870)°.

In the study by Derda 2015 et al., patients with obstructive and non-obstructive HCM,
severe aortic stenosis, senile cardiac amyloidosis, and healthy controls were compared. Mir-29a
levels correlated with interventricular septum thickness and were higher on obstructive HCM
patients with a MYH7 gene mutation. In contrast, mir-155 was found to be down-regulated in
patients with a MYBPC3 gene mutation. Mir-29a and mir-155 were able to discriminate non-

obstructive HCM from senile amyloidosis*.

Li 2018 et al. employed tissue samples from explanted hearts of respectively 10 HCM and

dilated cardiomyopathy (DCM) patients submitted to heart transplantation, which were compared
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to 10 controls. Only two miRNAs showed different expressions in both cardiomyopathy samples.
Mir-27a and mir-1-3p were found down-regulated respectively in DCM and HCM. Mir-1-3p
showed to be directly correlated with LV ejection fraction and inversely with LV end-diastolic

diameter?*,

Zhou 2019 et al. evaluated 69 HCM patients and found that only mir-29a was increased in
those with fibrosis?®. Huang 2020 et al. employed both tissue samples from septal myectomy and
peripheral blood. In the myocardium, only mir-221 showed correlation with collagen volume
fraction, but both mir-221 and mir-19b were associated with LGE on CMR. On peripheral blood,
mir-221 showed a relation with LGE and collagen volume fraction, as well as with maximal LV
wall thickness and LV mass index on TTE. However, mir-19b was correlated only with LGE on
CMR and LV mass index on TTE. AUC to detect fibrosis was higher for mir-221 than mir-19b

(0.764 vs. 0.201)%.
Discussion

This systematic review sought to evaluate available studies regarding the expression of
miRNAs in patients with HCM. In the 13 included reports, a total of 87 miRNAs were found to be
related to the disease with either up or down-regulation®1424-26.1517-23 "However, most miRNAs
were assessed in only one study. Mir-29a was evaluated in 7 studies, showing up-regulation in 63
15232526 Only six studies correlated miRNAs with phenotype findings such as left ventricular
hypertrophy or fibrosis***5226_ Among these, mir-29a appeared as the most reported and was

correlated both with left ventricular hypertrophy and myocardial fibrosis'®152°,

miRNA in HCM and cardiovascular diseases



101

The study of miRNAs in cardiovascular diseases has grown in the last decades due to their
ability to be measured on blood serum which makes them valuable biomarkers candidates***327,
In this systematic review, only 6 articles evaluated miRNAs on blood samples, but they accounted
for the majority of the study patients®>1>202526 As shown in Table 2, these articles assessed mainly
symptomatic not-end stage HCM patients, representing those seen in daily clinical practice. A
miRNA must have a consistent pattern in a given condition, preferentially replicated in several
studies, to be a reliable disease biomarker®. Mir-1-3p and mir-27a showed an AUC of 0.850 and
0.860 respectively that allowed the differentiation between HCM and DCM?4. Mir-29a expresses
differently among patients with HCM, aortic stenosis, and senile amyloidosis'4. These findings
corroborate the hypothesis that miRNAs may be used as biomarkers to differentiate left ventricular
hypertrophy produced by several similar conditions with borderline genotype or phenotype. As it
was shown that patients with heart failure with preserved ejection fraction had a different miRNA
profile than those with reduced ejection fraction®. However, the intracellular miRNA assessment
on the target tissue shows a higher performance than the peripheral blood, but it requires a tissue
sample!2. The blood serum, however, is widely available and less invasive. New techniques have
been developed to minimize the errors related to serum evaluation and increase the reliability of

the results, essential for a biomarker candidate?®.
MiRNA profile in HCM and tissue relationship

We attempted to identify patterns of miRNAs that could be associated with HCM and to
evaluate the consistency of these findings in different studies. The majority of miRNAs were found
to be up-regulated in HCM, whereas only a few were exclusively up-regulated. Although blood
samples were assessed in the majority of studies’> 15202629 3 greater number of miRNAs were

evaluated in the myocardium?!’~1921-2426 - According to our systematic review, among the three
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most reported miRNAs, only mir-29a showed a consistent pattern of up-regulation in 6 out of 7
studies based on whether in serum blood or myocardium tissue'®>1>242630 The mir-133a, mir-
199a-3p, mir-221, 143-3p, 145-3p, 30d-5p and 96-5p were also up-regulated in both tissues. In
particular, mir-221 showed to have a moderate correlation between its circulating levels and
myocardium expression level?®, which may explain its up-regulation in studies'®?®. A down-
regulation pattern was found for mir-1, mir-208b and mir-30b in myocardium tissue, but blood
samples showed no expression**41720.24 Mir-1 is considered a muscle-specific miRNA and its
down-regulation is associated with myocyte injury®:. However, the mir-208b, also considered
muscle-specific, was detected in the plasma of patients with myocardial infarction®23%.Mir-30b is
also related to the myocardial injury process, but its tissue specificity is unknown3. Mir-21 is
known as the most common miRNA in cardiac muscle and it is related to myocardial fibrosis
mediated by fibroblast activation via TGF-B1 signaling®=. It was mainly up-regulated in
blood*>>25 but in myocardium, it was not expressed in two studies?®*? and down-regulated in
one??. Another four miRNAs showed a similar results, with either up or down-regulation in
different tissues (mir-155, mir-19b, and mir-10b)**142124-26 " These differences in MiRNA
expression may be related to the sample characteristics. The dynamic expression of miRNAs has
been described previously in other clinical scenarios and may explain this mixed pattern of some

miRNAs in HCM®,
Association with ventricular hypertrophy

Left ventricular hypertrophy is the main component of the HCM phenotype and it is related
to important outcomes, such as heart failure and sudden cardiac death*. There is sufficient evidence
to state that miRNAs have a role in ventricular hypertrophy expression. This systematic review

identified that mir-21, mir-29a, mir-155, and mir-221 were related to maximal LV wall thickness
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or hypertrophy index on TTE while mir-27a, mir-29a, mir-155, and mir-221 were associated with
maximal LV wall thickness on CMR in HCM. A study of patients with hypertension and left
ventricular hypertrophy showed that mir-21 was up-regulated and correlated moderately with left
ventricular mass index®. In an animal model-based study, it was also correlated with left
ventricular hypertrophy mediated by aldosterone®’. Mir-29a seems to have a central role in
pathological cardiac hypertrophy as shown in a system biology approach®. In a clinical study, it
was able to differentiate various forms of cardiac hypertrophy, including HCM. However,
patients with hypertension also showed greater levels of mir-29a and higher correlation with LV
hypertrophy*°. The inhibition of mir-29a with an antagomir in a pressure hypertrophy induced
animal model improved the remodeling of LV, signalling its role on the pathogenesis of cardiac
hypertrophy“®#, The mir-221 showed to be up-regulated in an animal model and related to cardiac
hypertrophy suppressor p27*8. Other miRNAs were related to distinct forms of hypertrophy such
as mir-27a and mir-155, respectively decreased in exercise-induced ventricular hypertrophy and
pressure overload model“>*3, Moreover, it is still unknown whether a single or a group of miRNAs

have a role in specific forms of hypertrophy*31426,
Association with myocardial fibrosis

Myocardial fibrosis is an important component of LV remodeling in HCM present as a
replacement or interstitial process**°. A pro-fibrotic state may be found even in the early disease
when chamber morphology is still normal*. The occurrence of myocardial fibrosis in HCM
patients has several implications, including the risk of sudden cardiac death and progression to
end-stage forms*. The sixteen miRNAs were able to identify HCM patients with fibrosis on CMR:
mir-10b-5p, mir-15a-5p, mir-17-5p, mir-18a-5p, mir-19b-3p, mir-21, mir-27a, mir-29a, mir-30d-

5p, mir-133a, mir-146a-5p, mir-192-5p, mir-193-5p, mir-200a-3p and mir-296-5p. In a myocardial
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infarction model, the mir-29 family, mainly 29b, was expressed preferentially in fibroblasts,
suggesting the influence of mir-29a in fibrosis expression®®. Whether it plays a role in HCM related
fibrosis or if it is associated with any specific pattern is still unknown, but there is some evidence
showing that it may be expressed in other conditions, such as systemic sclerosis, liver and diabetic
renal diseases*’°. Up to our knowledge, there is no study comparing different causes of
myocardial fibrosis and the expression of mir-29a. Mir-133a was recognized as an antifibrotic
targeting the connective growth factor in only one study®. However, it has been related previously
to other cardiovascular diseases'>®. Among the other miRNAs related to fibrosis, discrepant
results were also found. The mir-19b showed a moderate AUC to detect fibrosis on CMR in one
report, but a negative correlation with LGE was found in another’>?%, The mir-221 showed a
relation to myocardial fibrosis in only one study, but it was negatively correlated with the extent

of myocardial fibrosis in DCM and aortic stenosis patients?5:°L,
Mir-29a in HCM

The mir-29a is related to extracellular matrix proteins synthesis and apoptosis
processes*®°2. In a large trial, mir-29a was associated with sudden cardiac death in patients with
coronary artery disease, probably due to its relation with fibroblast activation®®. However, the
association of mir-29a with fibrosis is not exclusive to the myocardium and was found in several

tissues*’ 49

. Interestingly, mir-29 family was associated with myocardial infarction-related
fibrosis*®, but mir-29b and mir-29c were not expressed in the myocardium®®. In this systematic
review, it was shown to be the most reported miRNA in HCM, predominantly expressed in up-
regulation, and correlated with LV hypertrophy assessed on TTE or CMR as well as with fibrosis®*-

15232526 The association of mir-29a with hypertrophy and fibrosis in HCM may suggest that

different processes share a common molecular basis and pathogenic pathways®. It remains to be



105

demonstrated if mir-29a is associated with prognosis and increased risk for sudden cardiac death
in HCM. It is unknown whether mir-29a is up-regulated only in clinically expressed HCM or also
in pre-clinical disease. Further studies are needed to demonstrate the role of mir-29a as a biomarker

in order to assure its current use in clinical practice.

In summary, it seems that although several miRNAs are related to HCM, only a few were
evaluated in a clinical context and submitted to phenotype correlation. Mir-1-3p, mir-19b, mir-21,
mir-29a, mir-155, and mir-221 showed association with either myocardial hypertrophy or fibrosis,
but only mir-21, mir-29a and mir-221 were related to both phenotypes. Mir-133 showed a
correlation with fibrosis in only one study. Mir-29a was the most reported and consistent regarding

the phenotypical correlation.
Studies limitations

The study of miRNA expression in HCM patients is still limited. Reports differed on
samples employed such as blood serum or myocardial tissue. Only a few studies included blood
serum allowing its current use as a non-invasive clinical biomarker'®15202325 There was also a
lack of uniformity regarding miRNAs selection approach. One articles employed a microarray
strategy to identify those highly expressed before evaluating a larger sample, others performed
RT-PCR and some did not provide the miRNAs selection approach. Another limitation is that
some reports described only miRNAs found to be up- or down-regulated and did not inform about
those without a specific pattern of expression. Finally, this systematic review did not included the

pattern of miRNA expression found in animal models.

Conclusion
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In this systematic review, we identified data on eighty-seven miRNAs which are
differentially expressed in HCM patients, mostly in an up-regulation pattern. Only a few studies
have analyzed phenotype correlation with left ventricular hypertrophy and fibrosis. The major
phenotypic correlation has been demonstrated with mir-29a, which appears to be up-regulated in
HCM patients and related both to hypertrophy and fibrosis. Further studies should evaluate its

potential diagnostic, prognostic and even therapeutic role in the disease.
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FIGURE LEGENDS

Figure 1. Literature search findings and selection.

Figure 2. Heat-map representation of the miRNAs expression in HCM. The colors represent the
expression values: green indicates down-regulated; red indicates up-regulated, and yellow
represents no change in regulation. Studies are identified by numbers (that correspond to the

reference number).



Table 1. Down and Black checklist for quality assessment.
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Reporting  External validity Bias Selection bias Power Total
et (11 points) (3 points) (7 points) (6 points) (5 points) (32 points)
Palacin 2011 7 0 5 4 2 18
Wang 2012 18 8 0 5 3 2 18
Leptidis 2013 9 9 0 5 2 3 19
Palacin 2013 % 7 0 5 1 5 18
Kuster 2013 # 6 0 5 1 3 15
Song 2014 2 8 0 5 4 4 21
Roncarati 2014 3 10 2 5 4 5 26
Derda 2015 4 9 1 5 2 5 22
Fang 2015 *° 11 1 5 4 5 26
Ntelios 2017 % 7 0 5 2 5 19
Li 2018 # 9 0 5 2 5 21
Zhou 2019 ® 6 0 5 3 5 19
Huang 2020 % 11 2 5 2 4 24




Table 2. Characteristics of selected articles and evaluated miRNAs.
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Num. of
Ref. Patients characteristics Control population Origin/Sample Method miRNA
subjects
1, 16, 21, 26a, 27a, 29a, 30a, 126-3p, 126-5p, 1334,
Roncarati 71% male, 50+13 years, MWT=21+5 mm, P P
41 Healthy (n=41) Blood/ Serum RT-PCR 143, 145, 155, 195, 199a-3p, 199a-5p, 208a, 208b,
20141 .
NYHA 11 (34.2%);
(34.2%) 214, 499-3p, 499-5p
Healthy (n=22), severe
Derda HNCM (n=23); 74% male, 56 years, IVS=19.5 mm, y( )
51 aortic stenosis (n=47), Blood/ Serum RT-PCR 1, 21, 29a, 29b, 29c, 1334, 155, 499
14
2015 HOCM (n=28); 32% male, 56 years, I\VS=20.2 mm .
amyloidosis (n=9)
T1>470 ms (n=28); 49.1+14 years,
10b-5p, 15a-5p, 17-5p, 18a-5p, 19b-3p, 21-5p, 29a-
IVS=20.3+5.8 mm; Microarray P P P P P P
Fang 2015%° 55 Healthy (n=4) Blood/ Serum 3p, 30d-5p, 96-5p, 133a-3p, 146a-5p, 192-5p, 193-
T1 <470 ms (n=27); 49.9+10.8 years, *RT-PCR
' ( ) y 5p, 200a-3p, 296-5p, 373-3p
IVS=19.1+3.3 mm
Fibrosis positive (n=30): 66.7% male, 48.4+6.3 years;
MWT>30 mm 10%; NYHA I1 (33.3%) 21, 26a, 29@, 27a, 30a, 126-3p, 126-5p, 133a, 143,
Zhou 2019% 69 no Blood/ Serum RT-PCR
Fibrosis negative (n=39): 69.2% male, 47.9+5.2 years, 145, 155, 195, 214, 199a-3p, 199a-5p, 499-5p,
MWT>30 mm 12.8%, NYHA 11 38.5%
Palacin 70% male, age range: 16 — 65 years. IVS=21.5 mm; all 1, 30b, 92a, 133a, 133b, 199a-3p, 20843, 208h, 451,
24 Healthy (n=25) Blood/ Serum RT-PCR
2013% NYHA HI-1V; 483-5p
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Surgical
Huang HOCM submitted to septal myectomy; ur!
42 Healthy (n=30) myectomy + RT-PCR 9, 15, 19b, 21, 31, 33, 93, 155, 221, 222, 433
202026 0 + /S92 14
69% male, 46.2+15.4 years; IVS=23.1+15.4 mm Blood/Serum
. Transplanted
End-stage HCM submitted to heart transplant Healthy (n=10) and 1,10b, 21, 23a, 27a, 29@, 133a, 142, 155, 199a-3p,
Li 2018% 10 heart/ RT-PCR
39+14 years; 80% male; 1VS=13.9+3.1 mm end-stage DCM (n=10) 199a-5p, 214, 497
myocardium
. Explanted 1, 30b, 923, 93, 133a, 133b, 191, 19a-3p, 125a-3p,
Palacin End-stage HCM submitted to heart transplant Non-failing donor
2 hearts/ RT-PCR 208a, 208b, 218, 223, 374, 451, 454, 483-5p, 495,
2011Y : hearts (n=5)
MYH7 mutat .
mutation Myocardium 590-5p
Surgical
Wang Non-failing donor
4 HOCM submitted to septal myectomy myectomy/ RT-PCR 221
201218 hearts (n=8)
Myocardium
Non-failing donor 1-3p, 23a-3p, 23b-3p, 24-3p, 29b-3p, 30d-5p,
Leptidis End-stage HCM hearts (n=4), and DCM  Explanted heart/ 125a-3p, 126-3p, 133a-3p, 143-3p, 145-5p, 193-3p,
5 RT-PCR
2013%° 41+5.8 years; 2 men and 3 women: patients submitted to Myocardium 197-3p, 331-3p, 342-3p, 361-5p, 365-3p, 455-3p,
LVAD (n=7) 1975-3p, 1978
) . Surgical
Kuster Septal myectomy; MYBPC3 mutation Non-failing donor 10a*, 10b, 10b*, 34*, 96, 181a-2*, 184, 204, 222*,
6 myectomy/ RT-PCR
2013% hearts (n=6) 371-3p, 383, 497, 708,

All male; 22-62 years; IVS range: 18-30 mm

Myocardium
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Surgical
Septal myectomy Microarray+ 21, 130b, 132, 139-3p, 139-5p, 144, 144*, 150,
Song 2014% 16 no myectomy/
75% male; 15-65 years; IVS range: 18-35 mm; . RT-PCR 363, 451, 486-3p, 1246, 3141
Myocardium
Surgical
Ntelios
4 Septal myectomy (n=4), no myectomy/ RT-PCR 29
2017%
Myocardium

Abbreviations: HCM=hypertrophic cardiomyopathy; HNCM: hypertrophic non-obstructive cardiomyopathy; HOCM: hypertrophic obstructive; IVS: interventricular septum; LVAD: left ventricular assisted

device; MWT=maximal wall thickness; NYHA=New York Heart Association; cardiomyopathy; Ref.=reference; RT-PCR: real-time polymerase chain reaction

*Overall characteristics of the cohort. Author did not provided specific data on patients submitted to miRNA analysis.
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Table 3. Phenotype correlation of miRNAs in patients with HCM

Reference MiRNA(s) Main findings
Blood/serum tissue
MWT on TTE: mir-29a (r=0.463);
mir-21 . . .
MWT on CMR: mir-29a (r=0.412); mir-21 (r=0.406); mir-
mir-27a 155 (r=0.356);
Roncarati 2014 mir-29a LVMI on CMR: mir-27a (r=0.380); mir-199-5p (r=0.421);
mir-155 Hypertrophy index on TTE: mir-29a (r=0.475); mir-21
. (r=0.346); mir-155 (r=0.308);
mir-199a-5p
Fibrosis on CMR: mir-29a (r=0.691)
MWT on TTE: mir-29a (r=0.523)
mir-29a
Derda 2015 HOCM/MYH7 gene: mir-29a
mir-155
MYBPC3: mir-155
mir-18a-5p Correlation with T time on CMR: mir-30d-5p (r=-0.599);
mir-146a-5p (r=-0.658); mir-96-5p (r=-0.579).
mir-146-5p P ) P )
. Detection of fibrosis: mir-10b=5p (AUC=0.701); mir-15a-5p
mir-30d-5p . .
(AUC=0.694); mir-17-5p (AUC=0.722); mir-18a-5p
mir-17-5p (AUC=0.742); mir-19b-3p (AUC=0.712); mir-21-5p
mir-200a-3p (AUC=0.710); mir-29a-3p (AUC=0.717); mir-30d
Fang 2015% (AUC=0.729); mir-133a-3p (AUC=0.663); mir-192-5p
mir-19b-3p (AUC=0.681); mir-193-5p (AUC=0.709); mir-146-5p
mir-21-5p (AUC=0.737); mir-200a-3p (AUC=0.721); mir-296-5p
(AUC=0.681);
mir-193a-5p
8 miRNAs together (mir-18a-5p, mir-30d-5p, mir-21-5p,
mir-10b-5p . . . . .
mir-193-5p, mir-10b-5p, mir-15a-5p, mir-296-5p, and mir-
mir-15a-5p 29a-3p, AUC=0.870).
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mir-192-5p
mir-296-5p
mir-29a-3p
mir-133-3p
Zhou 2019% mir-29a Highly increased in fibrosis group
MWT on TTE and CMR: mir-221 (r=0.318 and r=0.342)
LVMI on TTE: mir-221 (r=0.638)
LVMI on CMR: mir-19b (r=0.214), mir-221 (r=0.725)
mir-19b LVEF on TTE: mir-221 (r=-0.557)
Huang 20202
mir-221 LGE on CMR: mir-221 (r=0.630)
Collagen volume fraction: mir-221 (r=0.459)
Fibrosis on CMR: mir-221 (AUC=0.764); mir-19b
(AUC=0.201)
Myocardium tissue
Li 2018% mir-1-3p TTE: LVEDD (r=0.771) and LVEF (r=0.737)
mir-19b Collagen volume fraction: mir-221 (r=0.516)
Huang 20202
mir-221 LGE on CMR: mir-221 (r=0.307), mir-19b (r=-0.318)

Abbreviations: AUC, area under the curve; CMR, cardiac magnetic resonance; HCM, hypertrophic
cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; LGE, late gadolinium enhancement;
LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; LVMI, left ventricular

mass index; MWT, maximal wall thickness; TTE, transthoracic echocardiogram.



FIGURES

Figure 1.

Terms

"Cardiomyopathy, Hypertrophic"[Mesh] OR “Hypertrophic Cardiomyopathies” OR
“Hypertrophic Cardiomyopathy” OR “Hypertrophic Obstructive Cardiomyopathies”
OR “Hypertrophic Obstructive Cardiomyopathy” OR “hypertrophic
myocardiopathy”

AND
"MicroRNAs"[Mesh] OR "MicroRNAs" OR MicroRNA OR miRNAs OR Micro RNA OR

miRNA OR “Primary MicroRNA” OR “Primary miRNA” OR “pri-miRNA” OR “pri miRNA” OR
stRNA OR “Small Temporal RNA” OR “pre-miRNA” OR “pre miRNA”

68 studies

Exclusions:
19 — not hypertrophic cardiomyopathy
17 — not microRNA profile
5 —reviews
5 — letters/editorials
4 — not English
4 — animal model
1 — data not available

13 studies included
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Figure 2.
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7. CONCLUSOES E CONSIDERACOES FINAIS

O estudo demonstrou que a analise genético-molecular através de um painel de mutagoes
é factivel em nosso meio. Foram identificadas mutacdes patogénicas em 47% dos individuos
testados, predominantemente nos genes sarcoméricos MYH7 e MYBPC3. Esses achados sdo
consonantes com os referidos na literatura.

Estratégia para rastreamento de familiares em primeiro grau de pacientes com CMH em
cenarios de indisponibilidade de testagem genética foi empregada com elevada acuracia. A
presenca de marcadores clinicos ou ECG anormal isoladamente foram capazes de detectar o0s
familiares em primeiro grau acometidos pela CMH. O ECG apresentou papel decisivo no
rastreamento de familias, de modo a sinalizar a presenca de remodelamento elétrico em estagios
precoces da doenca. Um modelo modificado de ECG para deteccdo da doenca foi aplicado com

incremento da acurécia diagndstica.

A revisdo sistematica realizada permitiu identificar diversos microRNAs expressos na
CMH, majoritariamente em up-regulation. Somente alguns avaliaram a correlacdo fenotipica com
hipertrofia ventricular esquerda e fibrose miocérdica. Entre estes, os mir-21 e mir-29a
apresentaram marcada correlacdo fenotipica. O mir-29a demonstrou achados mais consistentes, de

modo a tornar-se um potencial biomarcador da CMH em seus diversos estagio evolutivos.
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8. PERSPECTIVAS FUTURAS

Os familiares em primeiro grau dos pacientes com mutacdo detectada para CMH seréo
posteriormente genotipados através de método Sanger. Todos os individuos com teste genético
positivo, probandos e familiares, serdo avaliados para deteccdo de mir-21 e mir-29a em sangue
periférico. Esta andlise visa correlacionar a expressdo dessas moléculas com o fendtipo da CMH,
de modo a identificar sua associacdo com formas pré-clinicas da doenca e seu potencial como
biomarcador. Esta analise encontra-se em andamento. Contudo, devido as restricGes impostas pela

pandemia de SARS-Cov-2, ndo possui data prevista para término.

O rastreamento de familiares em primeiro grau encontra-se em fase de ampliacdo da
amostra. O projeto auxiliar ja se encontra aprovado no Comité de Etica em Pesquisa do Hospital
de Clinicas de Porto Alegre. Esta previsto o recrutamento adicional de 50 familiares em primeiro
grau de pacientes com a doenca em seguimento no respectivo ambulatério de nossa instituicéo. Os
individuos selecionados serdo submetidos a um questionario a ser testado de auto-avaliacdo de
sintomas, ECG e ecocardiograma. Todos serdo submetidos a seguimento pelo periodo de trés anos,
incluindo aqueles selecionados na primeira amostra de familiares submetidos a genotipagem. Esta
andlise tem como objetivo comparar a evolugédo sintomatica, eletrocardiografica e ecocardiografica
em 3 anos de individuos selecionados através de avaliacdo clinica isolada versus complementada

por analise genético-molecular.
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9. APENDICES

Termo de Consentimento Livre e Esclarecido

Titulo do estudo: “Estudo das formas familiares de cardiomiopatia hipertrofica atravées de
indicadores clinicos e genético-moleculares”

Pesquisadores Responsaveis: Profa. Beatriz Piva e Mattos e Prof. Marco Antonio Rodrigues Torres
Pesquisadores: Profa. Ursula Matte, Dr. Fernando Luis Scolari,
Local: Servico de Cardiologia — Hospital de Clinicas de Porto Alegre

Convidamos vocé a participar deste estudo, cujo objetivo € avaliar pacientes portadores de
uma doenga cardiaca denominada cardiomiopatia hipertréfica através de consulta médica e
exames. Serdo também examinados os familiares em primeiro grau, pois esta doenga pode afetar
outros membros da familia e produzir ou ndo sintomas.

Os pacientes e os familiares que desejarem participar do estudo serdo avaliados através de:

1. Consulta médica Unica incluindo entrevista e exame fisico

2. Eletrocardiograma em repouso

3. Ecocardiograma transtoracico uni e bidimensional com Doppler

4. Coleta de pequena amostra de sangue venoso periférico para extracdo do DNA

Os exames cardiolégicos aos quais vocé sera submetido sdo considerados de rotina, sao
externos, tem baixo risco e acarretam minimo desconforto, exigindo apenas que vocé permaneca
deitado. A amostra de sangue coletada sera utilizada para estudo genético-molecular. O material
extraido poderéd ser armazenado por até 05 anos e sera utilizado para confirmar a presenca da
doenca.

N&o sdo conhecidos riscos relacionados a sua participacdo neste projeto. Vocé também nao
terd beneficios diretos, entretanto sua colaboragdo auxiliara no melhor entendimento da
cardiomiopatia hipertréfica. Vocé ndo terd despesas e nem qualquer compensagéo financeira por
participar desta pesquisa. VVocé recebera uma via assinada deste documento e outra ficard guardada
com o pesquisador.

Vocé poderd optar por ndo participar desta pesquisa ou retirar seu consentimento a qualquer
momento sem que tenha qualquer prejuizo ao atendimento recebido no HCPA. Seus dados serdo
confidenciais, ou seja, seu nome néo sera divulgado. Este projeto foi aprovado pelo Comité de
Etica em Pesquisa e, se vocé tiver qualquer divida em relagdo aos seus direitos como participante
de uma pesquisa, podera entrar em contato com o Comité pelo telefone 3359-7640. Se vocé tiver
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qualquer davida sobre a pesquisa, podera entrar em contato com um dos pesquisadores acima pelo
telefone 3359-8344. Horario de atendimento do CEP: 08h a 17h — pelo telefone 3359-7640

Eu, , concordo em participar da presente pesquisa

Porto Alegre,

(data)

(Nome do Paciente) (Assinatura)

(Nome do Pesquisador) (Assinatura)
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do Projeto: PESQUISA DE MUTACOES CAUSADORAS EM PACIENTES
PORTADORES DE CARDIOMIOPATIA HIPERTROFICA ATRAVES DE PAINEL
GENETICO POR SEQUENCIAMENTO DE NOVA GERACAO

Convidamos vocé a participar deste estudo, cujo objetivo é analisar a presenca de mutagdes
genéticas em pacientes portadores de uma doenca cardiaca denominada cardiomiopatia
hipertrofica. Esta pesquisa serd baseada na amostra de sangue que vocé ja coletou ao participar de
outro estudo n°150607, denominado ESTUDO DAS FORMAS FAMILIARES DE
CARDIOMIOPATIA HIPERTROFICA ATRAVES DE INDICADORES CLINICOS E
GENETICO-MOLECULARES. As alteraces, caso sejam encontradas e vocé deseje conhecer,
serdo informadas assim que estiverem disponiveis. Vocé ndo precisara realizar nova coleta de
sangue, necessitara, apenas, autorizar a utilizacdo deste material.

O atual projeto de pesquisa ndo apresenta riscos para vocé ou desconfortos. VVocé podera,
ou ndo, ter beneficios diretos ao participar do estudo. No entanto, sua colaboragdo possibilitara o
melhor entendimento da cardiomiopatia hipertréfica. Caso vocé seja familiar de um paciente que
apresenta a doenca e seja diagnosticada alguma alteracdo, vocé sera encaminhado para
acompanhamento conforme sua necessidade.

Sua participacdo na pesquisa é voluntéria, portanto, ndo é obrigatéria. Caso vocé decida
ndo participar ou desistir e retirar seu consentimento, ndo havera nenhum prejuizo ao atendimento
que voceé possa Vir a receber da instituicdo. N&o esta previsto nenhum tipo de pagamento pela sua
participacdo. Vocé ndo terd nenhum custo, mas poderé ser ressarcido por despesas decorrentes de
sua participacdo. Caso ocorra alguma intercorréncia resultante de sua participacao, vocé recebera
todo o atendimento necessario, sem nenhum custo pessoal. Os informacGes coletadas sdo
confidenciais. Sera realizada consulta de dados clinicos registrados no prontuario médico e no
projeto n°® 150607. Os resultados serdo apresentados de forma conjunta, sem a identificacdo dos
participantes. Portanto, seu home ndo aparecera na publicacdo dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com a pesquisadora responsavel
Professora Beatriz Piva e Mattos ou a equipe de pesquisa pela telefone (51) 3359-8344 ou ainda,
com o Comité de ética em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), situado no
2° andar, sala 2227, de segunda a sexta-feira das 08 horas as 17 horas, ou pelo telefone (51) 3359-
7640.

() Aceito que o material coletado seja utilizado para nova analise.

Esse Termo é assinado em duas vias, uma para o participante e outra para 0s pesquisadores.

Nome do participante da pesquisa Assinatura
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Nome do pesquisador que aplicou 0 Termo Assinatura

Local e Data:




