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RESUMO

A hipercoleterolemia familiar (HF) &€ uma doenga genética autossGmica
dominante caracterizada por elevados niveis de colesterol da lipoproteina de
baixa densidade (LDLc). Ultimamente, a lipoproteina (a) [Lp(a)] vem ganhando
importdncia no estudo de individuos carreadores de variantes genéticas
relacionadas a HF. A deteccdo de variantes genéticas em casos-indices (Cl), e a
avaliacdo em cascata de familiares de 1° e 2° graus, podem proporcionar um
diagndstico precoce para redugao de desfechos desfavoraveis nessa populagao.
O objetivo desse estudo foi caracterizar geneticamente Cl com critérios clinicos
de HF e seus familiares, bem como avaliar novos marcadores de risco
cardiovascular (GDF-15, CXCL16, FABP3, FABP4, LIGHT, sCD14, ucMGP e
microparticulas - MPs) nesses individuos de acordo com a presenga de
variantes genéticas. Foram avaliados 137 individuos, sendo 17 Cl com variantes
identificadas para HF e 120 familiares, residentes na regido de Bom Despacho —
MG. O sequenciamento genético foi realizado por Next Generation Sequencing
(NGS) para os Cl e pelo método de Sanger para os familiares. Foi realizada
dosagem de LDLc por método colorimétrico, Lp(a) por turbidimetria, novos
marcadores de risco cardiovascular pelo método mutiplex para Luminex e
microparticulas por citometria de fluxo. As analises estatisticas foram realizadas
pelo programa R Platform versdo 4.2.2. Foram identificadas 7 variantes
genéticas, com 86 individuos carreadores, sendo a maioria no gene LDLR, e 51
familiares que nao carreavam as variantes pesquisadas. A Lp(a) mostrou
diferenga significativa entre os grupos, sendo maiores niveis encontrados no
grupo com variantes. Os marcadores GDF-15, CXCL16, LIGHT, sCD14 e
ucMGP nao mostraram diferenga significativa entre os grupos, mesmo quando
analisados pela influéncia do tratamento com estatinas. Porém, FABP3 e FABP4
mostraram diferenga significativa, apresentando maiores niveis no grupo sem
variantes genéticas e em uso de estatinas. Contagens mais altas de MPs totais,
microparticulas derivadas de cardiomiocitos, endotélio e aquelas expressando
fator tissular, foram observadas no grupo carreador de variantes genéticas. Além
disso, o grupo HF sem uso de estatinas apresentou maiores contagens destas
MPs quando comparado ao grupo sem HF. Em conclusao, variantes genéticas
estdo associadas a HF na populacido estudada, e os novos marcadores de risco



cardiovascular — FABP3, FABP4 e MPs — mostraram potencial na identificagcao
de carreadores de variantes genéticas relacionadas a HF, podendo ser uteis na
identificacdo precoce da doenga em uma populacdo de risco, na auséncia do

exame genético.

Palavras-chave: hipercolesterolemia familiar; variantes genéticas; perfil lipidico;

novos marcadores de risco cardiovascular; microparticulas.



ABSTRACT

Familial hypercholesterolemia (FH) is an autosomal dominant genetic disease
characterized by elevated levels of low-density lipoprotein cholesterol (LDLc).
Lately, lipoprotein (a) [Lp(a)] has gained importance in the study of individuals
carrying genetic variants related to FH. The detection of genetic variants in index
cases (IC), and the cascade evaluation of 1% and 2™ degree relatives, can
provide an early diagnosis to reduce unfavorable outcomes in this population.
The aim of this study was to genetically characterize IC with clinical criteria for
FH and their relatives, as well as to evaluate new cardiovascular risk markers
(GDF-15, CXCL16, FABP3, FABP4, LIGHT, sCD14, ucMGP and microparticles-
MPs) in these individuals according to the presence of genetic variants. A total of
137 individuals were evaluated, 17 of which were IC with identified variants for
FH and 120 family members, living in the region of Bom Despacho — MG.
Genetic sequencing was performed by Next Generation Sequencing (NGS) for IC
and by the Sanger method for relatives. LDLc was determined by colorimetric
method, Lp(a) by turbidimetry, new markers of cardiovascular risk by multiplex
method for Luminex and microparticles by flow cytometry. Statistical analyzes
were performed using the R Platform version 4.2.2 program. Seven genetic
variants were identified, with 86 carrier individuals, the majority in the LDLR
gene, and 51 family members who did not carry the researched variants. Lp(a)
showed a significant difference between groups, with higher levels found in the
group with variants. GDF-15, CXCL16, LIGHT, sCD14 and ucMGP markers did
not show significant difference between groups, even when analyzed by the
influence of statin treatment. However, FABP3 and FABP4 showed a significant
difference, with higher levels in the group without genetic variants and using
statins. Higher counts of total MPs, microparticles derived from cardiomyocytes,
endothelium and those expressing tissue factor were observed in the group
carrying genetic variants. In addition, the FH group not using statins had higher
counts of these MPs when compared to the group without FH. In conclusion,
genetic variants are associated with FH in the studied population, and the new
cardiovascular risk markers — FABP3, FABP4 and MPs — showed potential in

identifying carriers of genetic variants related to FH, which may be useful in the



early identification of the disease in a population at risk, in the absence of genetic

testing.

Keywords: familial hypercholesterolemia; genetic variants; lipid profile; new

cardiovascular markers; microparticles.
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CONSIDERAGOES INICIAIS

O diagndéstico clinico da hipercolesterolemia familiar (HF) ainda € muito utilizado
na pratica para a identificacdo de familias afetadas por essa doenca genética
mais prevalente dentre aquelas de padréao autossdmico dominante. Porém,
sempre que possivel, o diagnostico genético deve ser estabelecido para
confirmacdo da doenca e estabelecimento de medidas que possam retardar a

evolucao da doenga aterosclerética nos portadores de HF.

Os marcadores relacionados as alteracbes que ocorrem noO processo
aterosclerdtico que sio sinalizadores de inflamagdo, como as citocinas e seus
produtos, bem como marcadores de oxidagcdo da LDL e disfungdo endotelial,
podem auxiliar na intervengcdo e tratamento para minimizar os desfechos
cardiovasculares, mas nao sao especificos para avaliar estes desfechos. Assim,
a validacdo de marcadores de risco cardiovascular mais especifico, que se
relacionem com a presenga das variantes genéticas relacionadas a HF, é

altamente desejavel.

Assim, este estudo se justifica pela caracterizagdao molecular de um cluster de
pacientes com HF originados da regiao de Bom Despacho — MG, bem como a
avaliacdo de novos marcadores de risco cardiovascular em individuos

carreadores de variantes genéticas relacionadas a HF.
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1 INTRODUGAO

A hipercolesterolemia familiar (HF) € uma doengca monogénica relacionada a
presenga de variantes em genes que expressam proteinas envolvidas no
metabolismo do colesterol da lipoproteina de baixa densidade (LDLc). Esta
alteragdo genética resulta na elevagdo da LDLc por toda vida, tendo como
consequéncia o aumento do risco de desenvolvimento da doenga ateroscleroética
coronariana (DAC) prematura (NORDESTGAARD et al.,, 2013; SILVA et al.,
2016; SCICALI et al., 2018).

O diagndstico clinico da HF tem sido baseado em critérios como o de Dutch
Lipid Clinic Network (DLCN) (WILLIAMS et al, 1993), US Make Early Diagnosis
Prevent Early Death Program (US MEDPED) (WHO, 1999) e Simon Broome
Register Group (NCCPCUK, 2008), onde o escore € calculado por pontos de
acordo com a presencga de historia familiar, histéria clinica, presenca de sinais
fisicos da doenca e valores de LDLc suspeitos para HF (HAASE e GOLDBERG,
2012). No Brasil, a Atualizagdo da Diretriz Brasileira de Hipercolesterolemia
Familiar recomenda o critério de DLCN ou Dutch MEDPED, apesar de ainda nao

haver uma validag&o para a populagao brasileira (IZAR et al., 2021).

A HF pode ser causada por variantes patogénicas localizadas, principalmente
nos genes do receptor da lipoproteina de baixa densidade (LDLR), da
apolipoproteina B (APOB) e da pro-proteina convertasesubtilisina/Kexina tipo 9
(PCSK?9), existindo mais de 2.900 alteracbes genéticas associadas a HF, sendo
2.251 descritas no gene LDLR (85-90%) (IACOCCA et al., 2018). Em individuos
heterozigotos, a presenga de um unico alelo de uma variante patogénica ja é
suficiente para ocasionar um aumento nos niveis de LDLc, em fungado do padrao
autossbmico dominante da doenca (GOLDSTEIN e BROWN, 1989). Ja nos
individuos homozigotos, em que s&o herdados dois alelos com variantes
patogénicas, ha manifestagdo de formas mais graves da doenga (GOLDSTEIN e
BROWN, 1989). Assim, a HF pode ter multiplos fenétipos devido a diferentes
etiologias moleculares e fatores genéticos adicionais (STURM et al., 2018),

porém o risco de DAC é maior em carreadores de variantes patogénicas,
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provavelmente relacionado a exposi¢cdo ao longo da vida a niveis elevados de
LDLc (KHERA et al., 2016).

O estudo e identificagdo de mecanismos que governam a patogénese da doenca
aterosclerotica estimulam o interesse continuo na descoberta de novos
biomarcadores e alvos terapéuticos para prevencao, detecgcido e tratamento da
doenga cardiovascular (DCV), que se inicia com o processo aterosclerético
(BOTTS et al.,, 2021). A fisiopatologia da aterosclerose comega com a leséo
endotelial, mediada por uma cascata de eventos de sinalizagdo intra e
intercelular que moldam o comportamento celular dentro dos vasos (DA LUZ et
al., 2018). As células do endotélio vascular facilitam o transporte ativo da
lipoproteina de baixa densidade (LDL) para o espacgo subendotelial por meio de
vias de transcitose e o acumulo de LDL inicia uma resposta inflamatéria (MUNDI
et al., 2018), processo que ocorre intensamente na HF. No inicio do processo da
aterosclerose, o endotélio transita de um estado quiescente para um estado
ativado em resposta aos estimulos pro-aterogénicos, incluindo a LDL oxidada
(LDLox) e citocinas pro-inflamatérias (RICARD et al., 2021). A complicagao
decorrente desse processo é principalmente a sindrome coronariana aguda
(SCA), observada com maior frequéncia em pacientes com HF, incluindo jovens
(CAHILL e REDMOND, 2016; DA LUZ et. al, 2018).

Assim, este estudo objetiva identificar variantes genéticas em um cluster de
pacientes com suspeita clinica de HF e seus familiares, bem como avaliar novos
biomarcadores de risco cardiovascular, a fim de compreender os mecanismos
bioquimicos que permeiam estas alteragbes, bem como propor novos
marcadores de monitoramento no diagnostico e evolugdo da DAC, podendo ser

usado como marcador prognoéstico em pacientes com HF.
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2 ANTECEDENTES CIENTIFICOS

2.1 Metabolismo lipidico

O colesterol presente na dieta, apds sofrer acdo dos acidos biliares formando
micelas, é absorvido nos enterdcitos localizados na porgao do jejuno médio e
ileo terminal do intestino delgado, por meio da proteina transportadora do
colesterol, a Niemann-Pick C1-Like1 (NPC1-L1), situada na porcao apical da
membrana da borda em escova dessas células. Os triglicérides (TG) dietéticos
séo digeridos no duodeno e absorvidos no ileo proximal por meio da agdo das
lipases pancreaticas e intestinais, sendo, na presenga de acidos biliares,
hidrolisados em glicerol, monoglicérides e acidos graxos. Apos a absorgao, os
lipideos sao agrupados por meio da microsomal triglyceride transfer protein
(MTTP) no reticulo endoplasmatico dos enterécitos. A combinacdo de
triglicérides, colesterol, fosfolipideos e apolipoproteina B-48 (APOB-48) formam
os quilomicrons. Os quilomicrons recém-formados no enterdcito saem para a
linfa e caem na corrente sanguinea e podem sofrer agéo da lipase lipoprotéica
(LPL) nos tecidos e liberar acidos graxos livres. Os quilomicrons remanescentes
sao rapidamente captados pelos receptores hepaticos, os quais reconhecem a
APOB-48 e a apolipoproteina E (APOE), onde seréao utilizados para a formacao
das lipoproteinas que fazem parte do ciclo endégeno do colesterol. No
hepatocito, a MTTP reagrupa os TG, colesterol, fosfolipideos e agora com a
presencga de apolipoproteina B-100 (APOB-100), forma a lipoproteina de muito
baixo peso molecular (VLDL). A liberacdo de VLDL pelo figado sofre lipdlise
progressiva pela acdo da LPL presente no endotélio e nos tecidos periféricos se
transforma em lipoproteina de peso molecular intermediario (IDL), e
subsequentemente, em LDL. Os TG presentes no VLDL e LDL sao
posteriormente removidos pela cholesterol ester transfer protein (CETP) que
troca pelos ésteres de colesterol da lipoproteina de alta densidade (HDL).
Embora quase todas as células expressem receptores para LDL, a maior parte

dessa lipoproteina retorna para o figado por meio do LDLR, que reconhece a
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APOB-100, presente na LDL (BAYNES e DOMINICZAK, 2005; BURTIS e
BRUNS, 2016; SBC, 2017) (Figura 1).

Figura 1 — Metabolismo do Colesterol
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As lipoproteinas participam de trés ciclos basicos de transporte de lipideos no plasma: (1) ciclo exégeno, no qual as
gorduras sdo absorvidas no intestino e chegam ao plasma, sob a forma de quilomicrons, e, apés degradacgéo pela lipase
lipoproteica (LPL), s&o direcionadas ao figado ou tecidos periféricos; (2) ciclo endégeno, em que os lipideos hepaticos se
direcionam aos tecidos periféricos; a VLDL é secretada pelo figado e, por agdo da LPL, transforma-se em IDL e,
posteriormente, em LDL, a qual carreia os lipideos, principalmente o colesterol, para os tecidos periféricos; (3) transporte
reverso do colesterol, os lipideos, principalmente o colesterol dos tecidos, retorna ao figado; as HDL nascentes captam
colesterol ndo esterificado dos tecidos periféricos pela acao da lecitina-colesterol aciltransferase (LCAT), formando as
HDL maduras; por meio da cholesterol ester transfer protein (CETP), ocorre também a transferéncia de ésteres de
colesterol da HDL para outras lipoproteinas, como as VLDL. AGL: &cidos graxos livres; HPL: lipase hepética. Fonte:

segundo Atualizagéo da Diretriz Brasileira de Dislipidemias e Prevengéo da Aterosclerose, 2017.

A PCSKO9 foi descoberta no ano de 2003, pelo pesquisador Seidah, tendo sido
inicialmente chamada neuronal apoptosis regulated convertase 1 (NARC-1), e
pertence a familia pro-proteina convertase, sendo o0 nono membro da mesma,
por tal motivo foi posteriormente nomeada como PCSK9 (SEIDAH et al., 2003;
HORTON et al., 2007; URBAN et al., 2013; CORRAL, 2014). Sua sintese ocorre
em muitos tecidos, mas principalmente no figado e intestino delgado (ABIFADEL
et al., 2003; HORTON et al., 2007; LAMBERT et al., 2012; URBAN et al., 2013;
LEREN, 2014). A participagdo da PCSK9 no metabolismo lipidico e o
mecanismo pela qual reduz a atividade do LDLR foi elucidado por Lagace e cols.
em 2006, quando demonstraram que a PCSK9 circulante se liga ao LDLR e a
LDL para serem internalizados pela célula - este complexo é endocitado pelo
mecanismo dependente de clatrina, e a ligacdo da PCSK9 a LDLR torna-se

muito forte, ocorrendo degradacéo lisossomal de todo o complexo LDL + LDLR +
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PCSK9 (STEIN e RAAL, 2014; MCKENNEY e FAHA, 2015; SCHULZ e
SCHLUTER, 2017) (Figura 2).

Figura 2—Mecanismo de agdo da PCSK9 sobre o LDLR
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Mecanismo da participagdo da PCSK9 no LDLR. A PCSKQ9 circulante se liga ao LDLR, ocorre a endocitose e degradagéo
lisossomal do receptor. Se a PCSK9 néo se ligar ao LDLR, este sofre endocitose, é reciclado e retorna a superficie das
células para novas captagbes de LDL. Fonte: Adaptado de M. Ogura / Journal of Cardiology 71 (2018) 1-7. Modificado
pela autora.

2.2 Hipercolesterolemia Familiar

A HF é uma das causas genéticas mais comuns que pode levar a DAC devido
aos altos niveis de LDLc circulante, os quais provocam um rapido
desenvolvimento da aterosclerose precoce. Na pratica, a HF estd sendo
diagnosticada, na maioria dos casos, no momento em que o individuo, na idade
adulta jovem, apresenta algum evento cardiovascular. Os pacientes com HF

requerem tratamento farmacolégico criterioso, as vezes com associagao de
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multiplas drogas, para reduzir os niveis de LDLc (NORDESTGAARD et al., 2013;
TURGEON et al., 2016).

A estimativa da prevaléncia mundial da forma heterozigotica (HFHe), dita
“histdrica”, seria de 1:200 a 1:500 individuos e a forma homozigética (HFHo),
que é a mais rara, apresenta uma prevaléncia em torno de 1:300.000 a
1:1.000.000, sendo portanto, a forma mais grave da doenga (GOLDSTEIN et al.,
2001; AUSTIN et al., 2004; NORDESTGAARD et al., 2013). Porém, estudos
mais recentes sugerem que a prevaléncia da HF seja maior, sendo para a HFHe
na proporgao de 1:200 a 1:300 e na HFHo na proporgao de 1:160.000 a
1:300.000, baseando em critérios clinicos e moleculares (BENN et al., 2012;
BENN et al., 2016; AKIOYAMEN et al., 2017; HU et al., 2020). Em 2020, duas
grandes meta-analises incluindo milhdes de individuos sugeriram estimativas
mundiais de prevaléncia de HF na populacdo em geral e em individuos com
doenga aterosclerética cardiovascular (DASCV), e apesar de ter pequenas
diferencas nos numeros de individuos e de estudos incluidos, ambas as meta-
analises estimaram uma prevaléncia combinada de HF de 0,32% (HU et al.,
2020; BEHESHTI et al., 2020). Apesar do grande numero de estudos e assuntos
nestas meta-analises contemporaneas, dados da maioria dos outros paises nao
estao disponiveis e, portanto, a prevaléncia de HF é desconhecida em varias
regides do mundo, sendo ainda uma doenga subdiagnosticada (menos de 10%)
e sem receber o adequado tratamento hipolipemiante (menos 25%) no mundo
inteiro (BENN et al., 2016; VALLEJO-VAZ et al., 2018). No Brasil, apesar de nao
existirem dados objetivos sobre a prevaléncia de HF, baseando-se nos dados
clinicos e laboratoriais e na historia familiar obtidos do estudo ELSA-Brasil e
adotando critérios de DLCN, estima-se uma prevaléncia de 1:263,
correspondendo a uma populacado de 766.000 individuos, e que menos de 1%
séo diagnosticados e tratados apropriadamente (JANNES et al., 2015; SILVA et
al., 2016; HARADA et al., 2018, ROCHA e SANTOS, 2021).

2.21 Diagnéstico da HF

O diagnodstico da HF é baseado em sinais clinicos de depdsito de colesterol
extravascular, como a presenca de xantomas tendinosos e/ou arco corneo antes

dos 45 anos de idade (Figura 3), niveis elevados de LDLc e colesterol total (CT)
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no plasma, histéria familiar positiva para DCV prematura (homens < 55 anos e
mulheres < 65 anos) e ainda, a presenga de elevados niveis de colesterol em
familiares de 1° e 2° graus. Os testes genéticos sao utilizados para confirmacéo
diagndstica, tendo em vista que a presengca dos sinais clinicos, apesar de
levantar grande suspeita de HF, muitas vezes nao resulta em um diagndstico
assertivo (BOUHAIRIE e GOLDBERG, 2015).

Figura 3- Xantoma tendinoso e Arco cérneo
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A: Xantoma tendinoso em tenddo de Aquiles. Fonte: Harrison — Principios de Medicina Interna, 19? Ed.,2016.

B: Arco cérneo. Fonte: Atualizagéo da Diretriz Brasileira de Hipercolesterolemia Familiar — 2021

Existem trés critérios de diagndstico clinico para HF: o Dutch Lipid Clinic
Network (DLCN), US Make Early Diagnosis Prevent Early Death Program (US
MEDPED) e o Simon Broome Register Group (SB), em que o escore € calculado
a partir de dados especificos considerando as caracteristicas clinicas do
paciente. Embora ainda nao tenha sido adotada na pratica clinica uma validacao
para a classificacdo da HF na populagao brasileira, a | Diretriz Brasileira de HF
(SBC, 2012) recomenda a utilizagao dos critérios de Dutch MEDPED (junc¢ao do
critério DLCN e US MEDPED), com inclusdo dos critérios de SB. O escore
DLCN leva em consideragao o historico familiar e/ou pessoal de DAC prematura,
sinais fisicos, niveis elevados de LDLc, e sugere ainda a analise genética se a
pontuacgao for > 5. O diagndstico definitivo de HF é dado quando o escore for > 8
(SBC, 2012; CATAPANO et al., 2017). Assim, os critérios de diagnosticos para a
HF, baseados no Dutch MEDPED, esté&o na Tabela 1.
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O diagnéstico da HF normalmente é precedido pelo rastreamento dos niveis
lipidicos, seja pelo rastreamento universal ou pelo rastreamento em cascata
(FALUDI et al., 2017).

Tabela 1 - Critérios de diagndsticos para a HF, baseados no Dutch Lipid Clinic
Network (DLCN)

Parametro Pontos

Historia familiar

- Parente de 1° grau portador de doenga vascular/ coronaria prematura
(homem< 55 anos, mulher < 65 anos) OU

- Parente adulto de 1° ou 2° grau com colesterol total > 290 mg/dL* 1

- Parente de 1° grau portador de xantoma tendinoso e/ou arco corneano OU
- Parente de 1° grau com < 16 anos com colesterol total >260 mg/dL* 2

Historia clinica

- Paciente portador de doenga arterial coronaria prematura

(homem< 55 anos, mulher < 65anos) 2

- Paciente portador de doenca arterial cerebral ou periférica prematura

(homem< 55 anos, mulher < 65anos) 1

Exame fisico

Xantoma tendinoso

Arco corneano< 45 anos
Nivel de LDL-c (mg/dL)
> 330 mg/dL

250 - 329 mg/dL

190 - 249 mg/dL

155 - 189 mg/dL
Analise do DNA

N

= wW| o &

Presenga de mutagao funcional do gene do receptor de LDL, da apo B100 ou da PCSK9* 8

Diagnéstico de HF

Definitivo se >8 pontos
provavel se 6 — 8 pontos
possivel se 3 — 5 pontos

* Modificado do Dutch MEDPED adotando um critério presente na proposta do Simon Broome Register

Group.

2.2.2 Rastreamento universal

Baseia-se na indicacao de analise de perfil lipidico, devendo ser feita em todas

as pessoas acima dos 10 anos de idade, ficando reservada a analise a partir de
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2 anos de idade nas seguintes situagdes: quando houver histéria de doenca
aterosclerotica prematura (homens com < 55 anos e mulheres com < 65 anos)
e/ou dislipidemia grave em parentes de 1° grau; ou quando a prépria crianga
apresentar sinais fisicos como xantomas/arco cérneo e presenga de fatores de

risco ou doenga aterosclerética (FALUDI et al., 2017).

O diagnéstico para HF deve ser suspeitado em adultos quando apresentar
dosagens de LDLc = 190 mg/dL (WILLIAMS et al.,, 1993). No Brasil, foram
adotados cutoffs sugestivos para HF, sendo CT = 310 mg/dL em adultos e = 230

mg/dL para criangas e adolescentes (FALUDI et al., 2017).

2.2.3 Rastreamento em cascata

Essa metodologia diagnostica consiste na determinagdo do perfil lipidico de
parentes de 1° grau (pai, mae e irmaos) dos pacientes diagnosticados com HF a
partir de um caso-indice (Cl), quando ha chance de identificacdo de outros
portadores da doenga, com uma probabilidade de 50% em familiares de 1° grau
e 25% nos parentes de 2° grau (HOPKINS et al., 2011).

2.2.3.1 Rastreamento genético em cascata

O rastreamento genético em cascata, sendo uma estratégia custo-efetivo melhor
para o diagndstico de HF, pode ser realizado partindo do mesmo principio de
rastreamento em cascata, quando sera realizada a pesquisa em familiares de 1°
grau de pessoas com diagndstico genético da HF, onde a variante causadora da
doenca foi identificada no Cl (LEREN et al., 2004; HOPKINS et al., 2011; KLOSE
et al., 2014).

O custo dos testes tem caido drasticamente nas ultimas décadas, devido aos
grandes avangos na tecnologia de sequenciamento, especialmente a introdugao
do next generation sequencing (NGS) (VRABLIK et al., 2020). Esta tecnologia
oferece a possibilidade de sequenciar todo o genoma ou exoma (FARHAN e
HEGELE, 2014), em um tempo relativamente curto produzindo uma grande
quantidade de dados, e possibilitando a monta de milhdes de fragmentos
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sequenciados de forma contigua e sobrepostos, com a identificagado de variantes
potencialmente uteis clinicamente (HEGELE et al., 2015). Com a evolugéo
destas técnicas moleculares, muitas variantes foram identificadas como
causalmente ligados a HF, o que levou o ClinVar (arquivo publico que reporta a
relagdo entre variantes genéticas e fenotipos, hospedado no site do National
Center for Biotechnology Information - NCBI) a tomar a iniciativa de classificar
estas variantes quanto a sua patogenicidade, em especial nos genes LDLR,
APOB e PCSK9, baseando no consenso da American College of Medical
Genetics and Genomics (ACMG) (RICHARDS et al. 2015, IACOCCA et al.,
2018). As classificagbes incluem: “definitivamente n&o patogénica”,
‘provavelmente ndo patogénica”, “variante de significado incerto”,
“‘provavelmente patogénica” e “definitivamente patogénica”. Nesse contexto,
mais de 70% das variantes do gene LDLR publicadas sao classificadas como
provaveis e definitivamente patogénicas, enquanto que apenas 10% de variantes
do gene APOB e 13% do gene PCSK9 séo classificadas como tal (IACOCCA et
al., 2018).

Atualmente no Brasil, o custo para o teste genético ainda é alto e relativamente
inacessivel para a grande maioria dos pacientes. No laboratorio de cardiologia
molecular do InCor, o teste genético é gratuito, porém dependente de fomento
para a realizagao. Alguns laboratoérios no pais fazem o teste genético a um custo
que varia de R$1.400,00 a R$ 2.000,00 a depender da quantidade de genes a
serem pesquisados e o tempo de entrega do resultado estda em torno de 30-40
dias. Em caso de encontro de variante genética no individuo, alguns laboratoérios

oferecem 3-4 testes de forma gratuita para familiares.

2.3 Genes envolvidos na HF de heranca autoss6mica dominante

A HF é causada principalmente por variantes genéticas capazes de codificar
proteinas defeituosas que provocam a perda de funcdo e modificagdo no
metabolismo lipidico, tornando-o ineficiente e tendo como consequéncia a

elevacgao dos niveis da LDLc, levando ao aumento de depdsito de colesterol nos
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tecidos (IZAR et al, 2010; CHORA et al., 2018; VRABLIK et al., 2020).
Independente dos genes que regulam o metabolismo da LDL (LDLR, APOB e
PCSK9), o fendtipo clinico sera sempre de valores elevados da fragdo LDLc
(PEREIRA et al., 2012; CHORA et al., 2018). No entanto, o diagndstico clinico
tem baixa especificidade e sensibilidade, e apenas o diagndstico genético
podera confirmar quais individuos tém um risco cardiovascular aumentado ao
longo da vida (HENDERSON et al., 2016; SANTOS, 2017; CHORA et al., 2018).

Em certas populagdes, a frequéncia de HFHe pode ser marcadamente maior
que a proporcdo média mundial de 1:200 a 1:300, em decorréncia de
descenderem de um pequeno numero de ancestrais colonizadores, entre os
quais a prevaléncia da doenca era alta, ocorrendo o chamado efeito fundador
(HENDERSON et al.,, 2016). Acredita-se que tais efeitos fundadores sejam
responsaveis pela maior prevaléncia de variantes associadas a HF entre
finlandeses, islandeses, cristdos libaneses, tunisianos, gujarati sulafricanos
indianos, judeus Ashkenazie franco-canadenses (AUSTIN et al., 2004; HU et al.,
2020). A HFHo também foi registrada como dez vezes maior em populacdes
com efeito fundador, principalmente devido a casamentos consanguineos (IZAR
et al., 2010).

No Brasil, no inicio da década de 1990, uma variante comum no gene LDLR foi
encontrada em probandos de pacientes com HF e foi denominada de “alelo
libanés” (exon 14 Cys681*) causadora de HF em populagdes arabes (DOS
SANTOS, 2003). Posteriormente, foi identificada a mesma variante em 18
familias com HF, sendo 10 familias nao aparentadas que viviam na cidade de
Ribeirdo Preto—SP, sendo encontrada em nove individuos de 5 familias que
confirmaram ascendéncia libanesa (FIGUEIREDO et al., 1992). Outro estudo de
HF no Brasil descreveu sete novas variantes no gene LDLR em familias que
viviam em Sao Paulo, no entanto, a variante libanesa nao foi encontrada. Foi
hipotetizado que a frequéncia de variantes para HF pode variar de estado para
estado, dependendo da origem étnica dos habitantes (SALAZAR et al., 2002).
Em 2015, em um estudo com 248 CI, foram encontradas variantes em 125
individuos e apds analisar os Cl e seus parentes carreadores de variantes, foram

encontradas 70 diferentes variantes causais no gene LDLR (97,2%) e 2 no gene
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APOB (2,8%), sendo 8,5% dessa populagdo carregando o alelo libanés
(JANNES et al., 2015).

Com estas constatagdes acerca da HF no Brasil e no mundo, seria necessario
criar registros nacionais, ndo s6 para acompanhamento dos pacientes, mas
também para estimular a colaboracdo com comunidades internacionais para
mais estudos (MEHTA et al., 2016).

2.3.1 Gene do LDLR

O gene que codifica o receptor humano para LDL compreende
aproximadamente 45 mil pares de bases de DNA e localiza-se no cromossomo
19 (RUSSELL et al., 1983). A HF € mais comumente atribuivel as variantes no
gene LDLR, resultando em redugdo da sua fungao (parcial ou completa), com
incapacidade de remocao da LDLc circulante (HOBBS et al., 1990; HOBBS et
al., 1992). Moltuski et al. (1989) detectaram pela primeira vez uma variante no
braco curto do cromossoma 19, sendo determinado como gene de defeito, nos
LDLR dos hepatdcitos. O receptor pode ser negativo ou defeituoso, dependendo
do impacto da variante sobre a proteina codificada. O receptor negativo
expressa pouca ou nenhuma fungao. O receptor defeituoso expressa isoformas
de LDLR com afinidade reduzida ao LDLc na superficie dos hepatdcitos
(CIVEIRA et al., 2004, CHORA et al., 2018). Mais de 2.200 variantes nesse gene
LDLR foram descritas, o que representa 85-90% dos casos de HF em todo
mundo, sendo no Brasil, descritas 201 variantes até o momento (IACOCCA et
al., 2018). Recentes avangos na tecnologia de sequenciamento genético
resultaram em melhorias notaveis na identificacdo de variantes do LDLR que
ocorrem em individuos com HF, porém apenas uma minoria delas tem sido
validada funcionalmente para provar serem essas variantes patogénicas as
causadoras da doenca (BENITO-VICENTE et al., 2018).

2.3.2 Gene APOB

O gene APOB possui 42 Kb e é formado por 29 éxons e 28 introns originando

duas isoformas de proteinas: uma pequena, denominada de APOB-48, e uma
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maior denominada APOB-100. A APOB-48 é produzida no intestino e faz parte
dos quilomicrons. A APOB-100 é sintetizada no figado e, constitui a
apolipoproteina das varias lipoproteinas VLDL, IDL e LDL. O segundo defeito
genético descrito, que provoca a HF, foi relacionado a sequéncia que codifica a
APOB-100. Variantes no gene APOB que modificam a estrutura da APOB-100
alteram a conformacgao terciaria do terminal carboxi do dominio de ligagdo ao
LDLR (WHITFIELD et al., 2004). Com isso, o LDLR n&o reconhece a APOB-100
como ligante e o LDL n&o é captado, acumulando-se na corrente sanguinea,
levando a um fendétipo de HF muito semelhante ao produzido por variantes em
outros genes, referida como defeito familiar da APOB (FDB, Familial Defective
APOB). A variante mais comum do gene APOB descrita até entdo, a
Arg3500GiIn, representa 5-10% das causas de HF no norte europeu, tendo uma
baixa frequéncia em outras populacbées em todo o mundo (EJARQUE et al.,
2008; BRUIKMAN et al.,2017). Foram descritas 353 variantes no gene APOB em
todo o mundo, sendo no Brasil, 63 variantes ja descritas (IACOCCA et al., 2018).

2.3.3 Gene da PCSK9

O terceiro defeito a ser descrito para a HF é a variante do gene que expressa a
PCSK9, com ganho de fungao, também conhecido como HF-3, representa 1%
das causas de HF. Variantes no gene que codifica a PCSK9, a qual participa do
catabolismo do LDLR, ocasionam uma degradacédo acelerada do receptor,
impedindo a captagcado adequada do LDL da corrente sanguinea (URBAN et al.,
2013; AWAN et al., 2014; BRUIKMAN et al., 2017). A partir desta descoberta,
muitas outras alteragdes genéticas de ganho de funcdo foram identificadas,
sendo 216 diferentes variantes identificadas em todo o mundo e, destas, 16
foram descritas no Brasil (IACOCCA et al, 2018).

2.3.4 Gene envolvido na HF de heranca autossémica recessiva

As variantes do gene da proteina adaptadora do receptor de LDL1 (gene
LDLRAPT), originalmente chamado de gene da hipercolesterolemia autossémica
recessiva (HRA), ndo deve formalmente ser considerada causadora de HF, pois

0 modo de transmissdo é recessivo, porém, nado se distingue clinicamente da
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forma homozigdtica autossébmica de HF, pois suas consequéncias sao

semelhantes as da classica forma da doenca (GARCIA et al., 2001).

2.3.5 Outros genes potencialmente associados com HF

Dentro do fendtipo de hipercolesterolemia, surgem ainda outros genes
candidatos, como: gene da apolipoproteina E (gene APOE), gene do degradador
induzivel do LDLR (gene IDOL), gene do quarto locus para mapa de
hipercolesterolemia autossbmica dominante, chamado HCHOLA4 (gene
HCHOLA4), gene do membro da familia de adaptadores de sinal 1 (gene
STAP1) e gene da lipase acida lisossomal A (gene LIPA) (IZAR et al., 2021).

Formas raras incluem ainda a sitosterolemia ou fitosterolemia, sendo uma
hipercolesterolemia herdada de forma autossémica recessiva, como resultado de
variantes no gene da proteina de ligagdo a adenosina transportadora da familia
ATP-binding cassette (ABC) G5 e G8 (gene ABCG5 e gene ABCGS8)
(BHATTACHARYYA e CONNOR, 1974; PATEL et al.,, 1998), a qual esta

envolvida na eliminacéo dos esteréis de plantas.

2.4 Tratamento Farmacolégico

A indicacdo do tratamento farmacologico para HF ocorre quando as
concentragdes de LDLc sdo maiores que 190 mg/dL, mais duas condigdes de
alto risco que seriam: idade maior que 40 anos sem tratamento prévio,
tabagismo, sexo masculino, lipoproteina (a) [Lp(a)]> 50 mg/dL, HDL < 40 mg/dL
e percentil do escore de calcio calculado pelo critério do estudo Multi Ethnic
Study of Atherosclerosis (MESA) (McCLELLAND et al., 2006). Considerando os
altos niveis de colesterol basal em pacientes com HF, uma reducdo de 50%
obtida com o tratamento medicamentoso € considerada de real valor terapéutico.
Pacientes com HF e que apresentam maiores riscos necessitam de uma
intensificacdo da terapéutica para alcangarem reducdes significativas de LDLc,
sendo ideal a meta de LDLc< 70 mg/dL (IZAR et al., 2021).
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As estatinas sdo agentes hipolipemiantes que exercem os seus efeitos por meio
da inibicdo da enzima HMG-CoA redutase que é fundamental na sintese do
colesterol, levando a uma redug¢ao do colesterol intracelular e um aumento na
expressao de LDLR, resultando no aumento da captacdo do LDL circulante.
Existem diferencas entre as varias estatinas no mercado, no que tange as
propriedades farmacodinamicas, bem como coeficiente de hidrofilicidade, via
hepatica de metabolizagdo (principalmente a via do citocromo-P450 e
isoenzimas), meia-vida plasmatica e eficacia na reducédo lipidica (FONSECA,
2005; FALUDI et al., 2017). As estatinas de maior poténcia em reduzir os niveis
de LDLc sdo as de primeira escolha. Além do seu efeito hipolipemiante, efeitos
pleiotrépicos também s&o descritos, como propriedades antiinflamatorias,
melhora da funcdo endotelial e beneficios na hemostasia (FONSECA, 2005;
FALUDI et al., 2017).

A ezetimiba é outro farmaco que inibe a absorcdo de colesterol na borda em
escova do intestino delgado, bloqueando “ou interagindo com” a proteina NPC1-
L1, e inibindo o transporte de colesterol na forma de quilomicrons. A inibicado da
absorcao de colesterol, em grande parte do colesterol biliar, leva a diminuigdo
dos niveis de colesterol hepatico e ao estimulo de sintese de LDLR, com
consequente redugao do nivel plasmatico de LDLc, de 10% a 25%. A adigao da
ezetimiba a estatina tem sido recomendada quando a meta de LDLc nado é

atingida com o tratamento com estatinas de forma isolada (FALUDI et al., 2017).

Ja os sequestrantes de acidos biliares sdo grandes polimeros que se ligam aos
sais biliares no intestino delgado, reduzindo a absorgédo enteral de colesterol.
Como resultado, ocorre deplecdo do colesterol celular hepatico, estimulando a
sintese de LDLR e colesterol endégeno. Como consequéncia desse estimulo a
sintese, pode ocorrer aumento da producédo da VLDL e dos TG plasmaticos
(FALUDI et al., 2017).

A niacina atua no tecido adiposo periférico, leucdcitos e células de Langerhans
por meio de sua ligagdo com um receptor especifico ligado a proteina G
(GPR109A). A ativagcao do GPR109A inibe as lipases hormdnios-sensitivas nos
adipocitos, e diminui a liberacdo de acidos graxos livres na circulagdo. Em
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paralelo, a niacina inibe a atividade da enzima diacilglicerol aciltransferase-2
(DGAT-2) nos microssomos dos hepatocitos e, assim, a sintese hepatica de TG.
Destas agbes resulta uma menor disponibilidade de TG intra-hepatico e, por
consequéncia, o aumento no catabolismo de APOB e, menor secregédo de VLDL
e LDL. Porém, seus efeitos colaterais ocasionam abandono ao tratamento (em
torno de 25%), ainda assim, n&o ha evidéncia de beneficio com esse farmaco
em individuos com LDLc controlado (FALUDI et al., 2017).

A funcionalidade e o numero de LDLR expressos na superficie dos hepatdcitos
sdo primordiais para a captacdo adequada de LDL, e, apds internalizacdo do
LDL pelo endossomo, o LDLR tem a capacidade de retornar a superficie celular
para mais captacdo de LDL, por 150 vezes, até que ocorra a sua degradagao
através da ligagdo com a PCSK9 sintetizada pelo nucleo celular e secretada
pelos hepatdcitos. Variantes cujo efeito sobre a proteina PCSK9 é de ganho de
funcdo podem ocasionar hipercolesterolemia e, em contrapartida, variantes com
perda de funcao desta proteina podem ocasionar o oposto, a hipocolesterolemia
e reducdo de DCV. Foram entdo desenvolvidos os inibidores da PCSK9
(iPCSK9), que previnem a ligacdo desta proteina ao LDLR e subsequente
degradacgédo lisossomal do receptor, aumentando a quantidade de LDLR
funcionantes na superficie dos hepatdcitos e maior depuragao das particulas
circulantes de LDLc no plasma (WIGGINGS et al.,, 2018). No Brasil, dois
inibidores de PCSKS9 totalmente humanizados - o evolocumabe e alirocumabe-
foram aprovados para comercializagdo em 2016 na forma de injecbes
subcuténeas a cada 02 semanas ou 01 vez por més. Esta classe de farmacos
apresenta reducao intensa nas concentragdes de LDLc em relagdo ao placebo,
em média de 60%. Esses farmacos apresentaram beneficios em diminuir
também outras lipoproteinas pré-aterogénicas, como a Lp(a), além da APOB,
TG, bem como em aumentar a HDL e a apolipoproteina A1 (APOA1)
(SABATINE et al., 2015; ROBINSON et al., 2015, FALUDI et al, 2017).

Como nova terapéutica ja aprovado na Europa e recentemente também pela
ANVISA, o Inclisiran é uma pequena molécula de RNA interferente (siRNA) que
bloqueia a producdo hepatica de PCSK9, reduzindo o LDLc em 50% em
pacientes com HF, tendo como vantagem em comparagao aos inibidores
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monoclonais a sua dosagem, necessitando de apenas 2 a 3 inje¢des ao ano
(ROCHA e SANTOS, 2021).

O tratamento da HF homozigética € o maior desafio, especialmente naqueles
pacientes carreadores de variantes em dois alelos no gene de LDLR, refratarios
aos inibidores da PCSK9, sendo necessario o uso de farmacos que bloqueiam a
sintese de lipoproteinas como a Lomitapida ou aférese de LDL (ROCHA e
SANTOS, 2021). Mas recentemente, aprovada para HFHo, o Evinacumabe sera
um enorme beneficio para esses pacientes como também para os HFHe
refratarios (ROSENSON et al., 2020), sendo um anticorpo monoclonal contra
proteina semelhante a angiopoietina 3 (ANGPTL3) que tem como papel inibir a
lipase lipoprotéica endotelial, e demonstrou reduzir LDLc em 50% em
homozigotos, incluindo aqueles com variantes nulas de LDLR (RAAL et al.,
2020). Terapias de edigdo genética como CRISPR/Cas9 ou transfecgao de gene
podera mudar a historia natural da HF (RODRIGUEZ-CALVO e MASANA, 2019),
tendo como um dos objetivos dessa terapia, ocasionar o knockout seletivo da
proteina ANGPTL3 (BINI et al., 2023)

2.5 Alteragoes cardiovasculares na HF

2.5.1 Epidemiologia das doengas ateroscleréticas cardiovasculares

As doencas ateroscleroticas cardiovasculares (DASCV) séo as principais causas
de morte no nosso pais, correspondendo a 27,65% do total de ébitos, sendo que
dentre a mortalidade especifica por doencas do aparelho circulatério, as
afeccbes isquémicas do coragao correspondem a 32% das mortes (RIBEIRO et
al., 2016; DATASUS-MS, 2019). No mundo, as doengas isquémicas do coragao
e o acidente vascular encefalico (AVE) ocupam o primeiro e segundo lugar nas
principais causas de morte, respectivamente, totalizando juntas mais de 15,2
milhdes de obitos (WHO, 2016). Apesar de varios fatores de risco cardiovascular
sejam conhecidos e responsaveis pela maioria dos casos de DASCV e suas
complicagdes (YUSUF et al., 2004;LANAS et al.,2007; O'DONNELL et al., 2010),
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a HF é uma condi¢cdo que podera aumentar e antecipar a sua ocorréncia (BENN
et al., 2012; VALLEJO-VAZ et al., 2018, HU et al., 2020).

2.5.2 Doencgas cardiovasculares ateroscleréticas e o impacto da HF

A HF ocasiona uma exposicdo de elevadas concentragdes de LDLc desde o
nascimento e ao longo de toda a vida do individuo portador da doenga, e se néo
tratados, homens e mulheres desenvolverdao DAC antes dos 55 e 60 anos,
respectivamente (GOLDSTEIN et al., 2001; AUSTIN et al, 2004, ALONSO et al.,
2020).

Portadores de HF sdo considerados pacientes de alto e muito alto risco
cardiovascular, entretanto, um numero consideravel nao apresenta eventos
cardiovasculares, independentemente dessa exposicao aos elevados niveis de
LDLc, enquanto que outros evoluem para estas complicacdes apesar da terapia
hipolipemiante, sugerindo que o risco de DASCV também ¢é variavel nesta
populagcao (ALONSO et al., 2020). Esta variabilidade pode ser devida, em parte,
as diferencas no tratamento de redugdao dos lipidios, levando a um risco
amplamente variavel em pacientes com HF pertencentes a mesma familia ou
compartilhando a mesma variante genética (MATA et al., 2018), sugerindo que
outros fatores como tabagismo, colesterol da lipoproteina de alta densidade
(HDLc) baixo, hipertensdo arterial sistémica (HAS), obesidade e diabetes
mellitus (DM) (SANTOS et al., 2016; SANTOS, 2019) podem modular o risco
(ALONSO et al., 2020).

Individuos com HF definida geneticamente tém risco quatro vezes maior de DAC
em comparagao com individuos sem variantes genéticas conhecidas (KHERA et
al, 2016). A analise de diferentes coortes mostrou um risco de DAC e DASCV
prematura de 3 a 13 vezes maior na familia de individuos com HF em
comparagao com seus parentes nado afetados ou com a populagdo em geral
(PEREZ DE ISLA et al., 2016; BENN et al., 2016; VILLA et al., 2017). No
entanto, quando diagnosticados e tratados, podera ocorrer uma modificagdo da
histéria natural da doencga aterosclerética (VERSMISSEN et al., 2008).
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Apesar de néo existirem muitos dados prospectivos a respeito do risco de
DASCV com o tratamento hipolipemiante na HF, estudos mostraram que o risco
de DAC aumentou 13 vezes em portadores da doenca que nao recebiam
estatinas (BENN et al., 2012, LUIRINK et al., 2019), e quando tratados desde a
infancia, a mortalidade por DAC caiu significativamente em 37%, enfatizando a
importdncia da identificacdo precoce da HF e tratamento hipolipemiante
adequado (NEIL et al., 2008, LUIRINK et al., 2019).

2.5.3 Perfil lipidico na HF além do LDLc

Apesar da funcao de LDLR prejudicada e consequente redugcdo de depuracao
de LDL da circulagcéo ser a principal caracteristica da dislipidemia da HF, a
diversidade de variantes genéticas pode determinar a heterogeneidade dos
niveis de LDLc (CHEMELLO et al., 2021). Comparando com LDLc, o nivel
circulante de outras lipoproteinas nado € ou é levemente afetado na HF, com
algumas excegdes, em particular, quando coexiste uma sindrome metabdlica
(SM). No entanto, existe algumas particularidades na HF (CHEMELLO et al.,

2021), que discursaremos a seguir.

2.5.3.1 Lipoproteina (a) [Lp(a)]

A Lp(a) é uma lipoproteina aterogénica que contém na sua estrutura a apo(a)
que é ligada covalentemente a apoB100 da LDL. A apo(a) é uma glicoproteina
polimorfica sintetizada e secretada quase exclusivamente pelo figado e tem uma
homologia de sequéncia significativa (78-100%) com o plasminogénio pela
presenga de estruturas semelhantes que sdo as algas chamadas kringles
(KRATZIN et al., 1987). A apo(a) é codificada pelo gene da Lp(a) e apresenta
uma estrutura altamente repetitiva, o dominio kringle 1V2 presente em 1 a mais
de 40 copias (LANGSTED et al., 2019). O tamanho da apo(a) explica até 70% da
variancia de Lp(a) em humanos (CHEMELLO et al.,, 2021). Em adigéo, as
particulas de Lp(a) contém fosfolipides oxidados fortemente proé-inflamatérios
que promovem o crescimento do trombo arterial (VUORIO et al., 2020). A carga

acumulada de duas lipoproteinas pro-aterogénicas geneticamente determinadas,
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LDL e Lp(a), € um potente condutor de DASCV em pacientes com HF (VUORIO
et al, 2020).

Os primeiros estudos que investigaram a Lp(a) em HF ndo produziram
resultados conclusivos devido a grande variabilidade de tamanho resultante do
polimorfismo de apo(a) (LINGENHEL et al, 1998). No entanto, a avaliacdo de
irmaos com HF, comparados com n&o-HF com isoformas de apo(a) idénticas por
descendéncia, demonstrou claramente que a Lp(a) é aproximadamente duas
vezes maior em pacientes com HF do que em seus familiares nao afetados
(LINGENHEL et al, 1998). Em pacientes com HFHo com dois alelos de LDLR
afetados e n&o funcionais, também exibem niveis de Lp(a) duas vezes mais
altos que seus parentes heterozigotos (KRAFT et al, 2000). O mesmo foi
observado em pacientes HF com alelos de risco de DAC no gene APOB e gene
PCSK9, comparado com familiares nao-afetados (VAN DER HOEK et al, 1997,
TADA et al., 2016). Mesmo apds estes resultados que parecem apoiar um papel
direto do LDLR na mediacado da depuracédo plasmatica da Lp(a), esta relagao
ainda nao esta clara (CHEMELLO et al, 2021). No entanto, de acordo com
evidéncias acumuladas ao longo dos estudos em HF, os niveis de Lp(a)
consistem em um fator de risco adicional que se torna de grande relevancia
nesse grupo de pacientes, considerando-se o potencial para niveis elevados de

Lp(a) nessa populacao (IZAR et al., 2021).

2.5.3.2 Lipoproteina de alta densidade (HDL)

O tamanho da HDL tem sido amplamente explorado na HF, que mostrou-se
estar menor e, portanto, mais aterogénico (HOGUE et al., 2007). Esse fato se
deve ao transporte reverso do colesterol estar prejudicado, aumentando o risco
cardiovascular tanto em HFHe quanto em HFHo, n&o pelo teor de colesterol do
HDL em si, mas pela sua funcionalidade ateroprotetora (GUERIN, 2012).Em
pacientes com HF ha uma reducao da esterificacdo pela lecitina colesterol acil-
tranferase (LCAT), responsavel pela transferéncia do colesterol nos tecidos
periféricos para o HDL (MARTINEZ et al., 2013). As propriedades antioxidantes

e antiinflamatdrias estabelecidas do HDL também parecem estar prejudicadas
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na HF (GANJALI et al., 2017). Além disso, o tamanho e a composi¢do do HDL
aparecem alterados na HF paralelamente a um aumento de transferéncia de
éster de colesterol para o LDL (CHEMELLO et al., 2021).

2.5.3.3 Triglicérides (TG)

Defeitos na fungdo do LDLR parecem também alterar a interagdo destes
receptores com a APOB e a APOE, presentes em lipoproteinas ricas em
triglicérides, predispondo também a hiperlipidemia pds-prandial na HF (CHAN et
al., 2012). O comprometimento da expressdo de LDLR parece influenciar a
secregao hepatica de lipoproteinas contendo APOB, pois pacientes com HF ou
modelos animais sem atividade do LDLR exibem maiores niveis de VLDL, IDL e
producdo de APOB em comparagdo com individuos nao-HF (DIETSCHY et
al.,1993). O mesmo foi constatado em individuos com variantes com ganho de
funcdo no gene PCSK9 que exibiram aumento nas taxas de producdo de
lipoproteinas contendo APOB (OUGUERRAM et al., 2004).

Tendo em vista os aspectos importantes do metabolismo prejudicado de
lipoproteinas, além do aumento de LDLc, pacientes com HF devem ser
claramente monitorados quanto aos niveis do colesterol na lipoproteina de alta
densidade (HDLc), TG, além de APOA1 e APOB-100 (CHEMELLO et al., 2021).

2.5.4 Biomarcadores relacionados a doencga aterosclerética

Biomarcadores plasmaticos sédo ferramentas uteis no diagnostico e progndstico
de numerosos processos como a doenga aterosclerética, os quais, sozinhos ou
em combinacdo, podem desempenhar um papel importante na previsao de
riscos e status de morbidade. Além disso, podem ser usados para detectar um
estagio mais precoce da doenga a tempo de iniciar um tratamento (ZERNECKE
et al., 2008, PIEK et al., 2018), evitando desfechos fatais. O uso de
biomarcadores para predicdo de doencgas e prognostico tem mostrado potencial
importancia para identificar grupos de maior risco que podem se beneficiar de
mais prevengao e tratamento intensivo (LIPPI et al., 2013; CERVELLIN et al.,
2016). Biomarcadores podem ajudar ainda na estratificacdo de risco e orientar o
uso de recursos e terapias direcionadas (SALVAGNO e PAVAN, 2016). Assim, a
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identificacdo de biomarcadores que possam ajudar a prever o risco de doenca
coronariana aguda e complicagdes relacionadas tem direcionado varios estudos
na area (LIPPIl et al., 2014).

Alguns desses novos marcadores no contexto das complicagdes ateroscleroticas

e DAC serao detalhados a seguir.

2.5.4.1 Growth differential factor-15 (GDF-15)

O GDF-15 foi descoberto como uma proteina derivada do fator transformador de
crescimento beta (TGF-R), pertencente & familia das citocinas. E uma proteina
relacionada a inflamacao e estresse oxidativo altamente expressa no miocardio
e células endoteliais (BEREZIN e BEREZIN, 2020), e esta envolvida na
hipertrofia e apoptose cardiaca (AGO e SADOSHIMA, 2006). O GDF-15 foi
significativamente relacionado com disturbios metabdlicos de glicolipidios e
doengas cardiovasculares (XIAO et al., 2022). O TGF constitui uma superfamilia
de citocinas que exercem fungdes na homeostasia de tecidos adultos e
adaptacao para regulagcédo na sobrevida, proliferacédo e diferenciagao celular, e o
aumento ou diminuicdo na producdo de TGFs, tem sido associada com

numerosas doencas, incluindo a aterosclerose (KEMPF et al., 2006).

Em condigdes fisiolégicas, o GDF-15 é expresso principalmente na prostata e na
placenta (camada trofloblastica) e uma pequena quantidade também é detectado
no figado, pulmao, rim, musculo esquelético, pancreas, coragao e colon
(FAIRLIE et al., 1999; MOORE et al., 2000; XIAO et al, 2022), podendo ser
expresso em baixo a moderados niveis na maioria dos tecidos. No entanto,
valores de GDF-15 podem aumentar em resposta ao estresse patologico
associado a inflamagao e danos teciduais (AGO e SADOSHIMA, 2006; KEMPF
et al., 2006; EK et al., 2016; XIAO et al., 2022).

Varios dados tém contribuido para aumentar o interesse a respeito do uso de
GDF-15 como biomarcador para diagnostico, progndstico e/ou estratificacao de
risco de SCA (SALVAGNO e PAVAN, 2016; TZIKAS et al., 2019). Estd bem

estabelecido que os TGFs inibem a proliferagdo e migracdo de musculo liso
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endotelial e baixos niveis de TGF-f sdo comuns em pacientes com
aterosclerose (BLOBE et al., 2000, SALVAGNO e PAVAN, 2016). O GDF-15
tem-se mostrado um biomarcador promissor, uma vez que foram observados
valores aumentados na doenga subclinica precoce, sendo de utilidade
prognostica para eventos cardiovasculares e mortalidade (SALVAGNO e
PAVAN, 2016). Adicionalmente, em alguns estudos, niveis de GDF-15
mostraram serem melhores no prognostico e previsdo de mortalidade a longo
prazo na insuficiéncia cardiaca (IC), comparados aos niveis de N-terminal do
peptideo natriurético tipo B (NT-proBNP), proteina-C-reativa ultrassensivel
(PCRus) e Troponina T ultrassensivel (TnTus) (LOK et al., 2013; HO et al., 2018;

MAY et al., 2021), mas ainda sem validagao na pratica clinica e nas diretrizes.

2.5.4.2 Chemokine ligand 16 (CXCL-16)

As citocinas, os receptores scavenger e as moléculas de adesao sao conhecidas
ha muito tempo como participantes importantes na patogénese do processo
aterosclerotico. Uma série de estudos realizados descreveu o receptor
scavenger fosfatidilserina da lipoproteina oxidada (CXCL-16/SR-PSOX) como
uma nova molécula que combina essas trés fungdes (citocina, molécula de
adesao e receptor scavenger) e sugeriram que possa ser um marcador potencial
na aterogénese (SHEIKINE e SIRSJO, 2008), por estar relacionado a formagao

da placa de aterosclerose e desenvolvimento da DAC (XING et al., 2018).

O CXCL16 pertence ao grupo de quimiocinas que sa&o expressas em placas
aterosclerdticas (WUTTGE et al., 2004). A proteina CXCL16 humana tem 254
aminoacidos, com dois diferentes transcritos, sendo um de 1,8 Kb e outra com
2,5 Kb de comprimento. Podem ser formadas por splicing alternativo, diferindo
uma da outra pela regido nao codificante e a fonte da expressao. A proteina de
1,8 Kb € encontrada no baco, timo, testiculos, enquanto a proteina de 2,5 Kb é
expressa no coragao, rim, figado, pulmao, leucécitos em sangue periférico,
pancreas e prostata (SHIMAOKA et al., 2000; KORBECKI et al., 2021). Séo as
unicas quimiocinas conhecidas que existem na forma soluvel, bem como na

forma ancorada em membrana (KORBECKI et al., 2021). A forma presa a
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membrana funciona como receptor de eliminacdo da fosfatidilserina da LDLox.
Além disso, medeia a adesdo célula-célula por meio do receptor exclusivo, o C-
X-chemokine-receptor 6 (CXCR6) (LUDWIG e WEBER, 2007; LINKE et al.,
2019). Ja a forma soluvel de CXCL16 funciona como um quimioatraente para
promover a migracao de células que expressam o CXCR6 (CHEN et al., 2020,
KORBECKI et al.,, 2021). CXCL16 e CXCR6 s&o expressos em macrofagos,
células dendriticas, células T, plaquetas, bem como em células do musculo liso
estimulado e células endoteliais (LINKE et al., 2019, CHEN et al., 2020).

Estudos ex vivo iniciais mostraram que CXCL16 € abundante em lesdes
aterosclerdticas humanas e murinas (MINAME et al.,, 2001). Estudos in vitro
sugeriram que essa quimiocina pode mediar adesao de células T ao endotélio,
impulsionando a migracao de células T, estimulando a proliferacéo celular e a
inflamacao em células musculares lisas. E finalmente, como receptor scavenger,
pode mediar a captacao de lipoproteinas aterogénicas por macréfagos e células
musculares lisas. Todos esses efeitos sdo conhecidos por serem pro-
aterogénicos. Surpreendentemente, estudos in vivo em modelos murinos de
aterosclerose sugeriram que o CXCL16 é ateroprotetor, enquanto que o seu
receptor, o CXCRG, é prejudicial (WUTTGE et al., 2004). Além disso, estudos
que investigaram a associagao das concentragdes plasmaticas circulantes de
CXCL16 com a presenca e extensdo de DAC em humanos sado controversos,
sugerindo associagado positiva, negativa ou ausente (SHEIKINE e SIRSJO,
2008).

Um estudo sobre células mononucleares do sangue periférico mostrou que os
monadcitos ndo expressam CXCR6, o que significa que na patogénese da
aterosclerose, os monoécitos podem néo ser recrutados diretamente pela
conexao CXCL16 e CXCR®6, sugerindo que esse efeito pode ser indireto ao
recrutar células T que expressam o CXCR6 (KOBERCKI et al., 2021).

O CXCL16 pode desempenhar um importante papel nos estagios posteriores da
aterosclerose, pois uma alta expressdo desta quimiocina foi encontrada em
macrofagos na lesao da intima na doenga aterosclerética (MINAME et al., 2001;
KORBECKI et al, 2021). Também pode causar proliferacdo de células
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musculares lisas e aumentar a expressao de fator de necrose tumoral (TNF)
nestas células que associa-se com DASCV (CHANDRASEKAR et al.,2004;
KOBERCKI et al., 2021).

Um estudo feito para avaliar a expressdo de CXCL16 em pacientes portadores
de HF que estavam em uso de iPCSK9 demonstraram redugdo da expressao
deste marcador apos 8 semanas de tratamento com Alirocumab (MARQUES et
al., 2022).

2.5.4.3 Fatty acid binding protein 3 (FABP3)

A proteina de ligacdo de acidos graxos 3 € uma das nove FABPs citosdlicas
conhecidas, mais ubiquamente expressa no coragao e musculo esquelético,
envolvida na manutencéo de suprimento de energia para o coragao e regulando
o transporte de acidos graxos em cardiomiécitos (TSUKAHARA et al.,2014;
MOON et al.,, 2021). O gene FABP3 codifica uma proteina de baixo peso
molecular no citosol dos cardiomiécitos, a Heart-type fatty acid binding protein
(H-FABP) que é amplamente distribuida em altos niveis no coragdo e menores
quantidades no musculo esquelético, testiculos, cérebro, rim, pulm&o, glandula
adrenal e linfocitos (ZHANG et al., 2013). Essa proteina é rapidamente liberada
na circulacdo, diante de um dano no tecido cardiaco, através de poros na
membrana do miocardio lesado, tornando um indicador de eventos
cardiovasculares e um marcador para detectar dano miocardico em curso,
podendo ser usado para estratificar o risco de varias doengas cardiacas (OTAKI
et al., 2014; GOEL et al., 2020; MOON et al., 2021).

O FABP3 é expresso em resposta ao gene de receptor gama ativado por
proliferador de peroxissoma (PPARy) que é um membro da superfamilia de
receptores de hormdnios nucleares, os quais funcionam por fatores de
transcricdo ativada por lipidios como &acidos graxos de cadeia longa
(TSUKAHARA et al., 2014). Esses fatores regulatorios génicos tém um impacto
direto nas doencas humanas como a aterosclerose, obesidade, DM e cancer
(TSKAHARA et al.,2014, ZHUANG et al., 2021).
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Aumento nos niveis de FABP3 foi observado em pessoas com alto risco
cardiovascular que desenvolvem doencas estruturais cardiacas (estagio B de
insuficiéncia cardiaca), podendo predizer mortalidade por causas
cardiovasculares numa populagao geral aparentemente saudavel, sugerindo ser
um marcador promissor para estratificagdo de risco cardiovascular (GLATZ et
al., 1985; ZHANG et al., 2013; OTAKI et al., 2014; JONES et al.,2017). Além
disso, observou-se um aumento nos niveis de FABP3 em individuos que
apresentavam fatores de risco cardiovascular, como HAS, DM, obesidade e SM
(OTAKI et al., 2014), sendo proporcional ao dano latente no miocardio, que por
sua vez era mais grave em pessoas com maior numero de fatores de risco
cardiovascular (ZHANG et al., 2013; OTAKI et al., 2014; MOON et al., 2021).

2.5.4.4 Fatty acid binding protein 4 (FABP4)

A FABP4, também conhecida como a FABP do adipdcito (A-FABP) ou adipécito
P2 (aP2), é altamente expressa nos adipdcitos, macréfagos e células dendriticas
e consiste em 1% de todas as proteinas soluveis no tecido adiposo
(FURUHASHI et al., 2014; TAN et al.,, 2019). A expressao dessa proteina é
altamente induzida durante a diferenciagdo dos adipdcitos e controlada
transcricionalmente por agonistas do PPARy (FURUHASHI et al., 2014).

E liberada principalmente durante a diferenciacdo dos mondcitos em
macrofagos, processo onde a LDLox é englobada para a formagédo de células
espumosas, aumentando o acumulo de éster de colesterol e induzindo resposta
inflamatodria (MAKOWSKI et al., 2005; HUI et al., 2010). Este processo faz parte
do desenvolvimento da aterosclerose, uma vez que as células dendriticas e as
células T estdo envolvidas na patogénese da placa ateromatosa. Esta evidéncia
foi demonstrada com a expressdao aumentada de FABP4 em macrofagos
presentes em amostras de placas instaveis de pacientes apds endarterectomia
de carotida (AGARDH et al., 2011; FURUHASHI et al., 2015).
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O aumento dos niveis circulantes de FABP4 tem sido associado também a
obesidade, SM, resisténcia insulinica e DM, atuando como uma adipocina, bem
como a HAS e disfuncao diastdlica ventricular esquerda, além da dislipidemia
(FURUHASHI, 2019; TAN et al., 2019). Tem sido relatado que o nivel sérico de
FABP4 esta também associado a aterosclerose, avaliada pela espessura da
camada intima-média da carétida (YEUNG et al., 2007; MIROSHNIKOVA et al.,
2021), se tornando um novo alvo terapéutico para essas comorbidades
(FURUHASHI, 2019; MIROSHNIKOVA et al., 2021).

2.5.4.5 Tumor necrosis factor superfamily 14 (TNFSF14/LIGHT)

O TNFSF14 ou LIGHT foi identificado como um novo membro da superfamilia
TNF e como uma chave reguladora de fibrose, inicialmente descrito como uma
molécula sintetizada por células T (MAURI et al., 1998; HARROP et al.,1998;
HERRO e CROFT, 2016; HERRERO-CERVERA et al., 2021), e que possui dois
receptores, o mediador de entrada de virus herpes (HVEM ou TNFRSF14) e o
receptor B de linfotoxina (LTBR ou TNFRSF3) (YUAN et al., 2017; HERRERO-
CERVERA et al., 2021), os quais sao ubiquamente expressos em varios tipos
celulares inflamatoérios e estruturais, como células do estroma e células
hematopoiéticas, incluindo células endoteliais, células reticulares fibroblasticas,
células dendriticas, macréfagos, mastécitos, eosindfilos, neutrdfilos, linfécitos T,
B e natural killer (NK), podendo ser ligado a membrana ou ser um produto
soluvel como uma citocina (MAURI et al.,, 1998; HERRO e CROFT, 2016;
AGOSTINO et al., 2021).

As células endoteliais desempenham um papel critico no controle da funcao
vascular, e adicionalmente, podem participar de reacgdes inflamatérias e
imunoldgicas. A ligacdo do LIGHT ao LTBR expresso em células endoteliais foi
descrita por promover a adesao endotelial de células T pela regulacéo positiva
de E-selectina, molécula de adesao intercelular 1(ICAM-1) e molécula de adesao
celular vascular 1 (VCAM-1) (CHANG et al, 2005, CELIK et al,
2007;HERRERO-CERVERA et al., 2021). O LIGHT também pode induzir a
expressao de interleucina 8 (IL-8) e quimiocina ligante 12 (CXCL12) (CHANG et
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al., 2005; MADGE et al., 2010) nestas células que faciltam a migracdo de
leucécitos para areas de inflamagao, e promovem indiretamente um ambiente

propicio para a promog¢ao da fibrose tecidual (HERRO e CROFT, 2016).

A pesquisa basica e alguns estudos clinicos indicam que o TNFSF14 pode
desempenhar um papel no desenvolvimento de varias doencgas inflamatorias
(WARE, 2009; LIN e HSIEH, 2011) e possivelmente esta envolvido na
patogénese da aterosclerose (LEE et al., 2001; SANDBERG et al., 2009; HSU et
al., 2019).

2.5.4.6 Cluster de diferenciagao 14 (sCD14)

A CD-14 é uma glicoproteina de membrana ancorada a glicosilfosfatidil-inositol
(GPI) presente nas formas ligadas a membrana (mCD-14) e soluvel (sCD14). A
forma mCD14 ancorada é expressa na superficie de mondcitos, macrofagos,
neutrofilos e células dendriticas que se ligam aos lipopolissacarides (LPS), que
sdo componentes de membranas na superficie celular de outros
microrganismos, resultando em uma ativagdo de varios receptores ftoll-like 4
(TRL4), os quais desencadeiam vias de sinalizagcdo pro-inflamatérias (REINER
et al., 2013; OLSON et al., 2020). Na sua forma soluvel, a sCD-14 pode ser
secretada por hepatdocitos em reposta a interleucina 6 (IL6), sendo considerada
um reagente de fase aguda (BAS et al., 2004; OLSON et al., 2020), ou ser
derivado de clivagem enzimatica de GPI ligada ao mCD-14 (DURIEUXet
al.,1994; SU et al.,, 1999; PAN et al., 2000) com a liberagdo de vesiculas
intracelulares por processos que ocorrem durante ativagao celular ou apoptose
(OLSON et al. 2020).

Em resposta a inflamacao/infecgao, a IL6 induz a expressédo hepatica da sCD-
14, como outras proteinas de fase aguda, ocorrendo aumento dos niveis no
contexto de doengas infecciosas/inflamatérias agudas e crénicas, incluindo a
aterosclerose (REINER et al.,, 2013). O sCD14 pode ter efeitos diferentes na
sinalizacao inflamatéria relacionada ao LPS, podendo potencializar a inflamagao

relacionada ao LPS nas células com e sem mCD14 (SHITOLE etal., 2019) e, por
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outro lado, altos niveis de sCD14 podem tamponar o LPS promovendo a
transferéncia para particulas de lipoproteina, impedindo a ligagdo do mCD14 na
superficie de mondcitos/macréfagos para consequente remogao (REINER et al.,
2013; SHITOLE et al., 2019). Portanto, a sCD-14 é capaz de mediar a ativagao
de LPS de células que ndo expressam a mCD-14, como as células endoteliais e
do musculo liso (PUGIN et al., 1993; JUAN et al., 1995, SHITOLE et al., 2019),
pois o sCD14 desempenha um papel central ao transferir LPS para o complexo
TRL4, aumentando a expressao de moléculas de adesao celular e atividade proé-
coagulante, o que poderia servir como um potencial evento desencadeante para
o desenvolvimento de aterosclerose e doencgas cardiovasculares, além de
aumentar a secrec¢ao de citocinas pro-inflamatérias com o TNF, interleucina 1-
B(IL1-B) e IL-6 (REINER et al., 2013, OLSON et al., 2020).

Como um marcador de inflamacéo, ativador de células imunes e de translocacao
bacteriana, a sCD14 ganhou interesse como um potencial fator de risco para
DCV, mas estudos sobre esta questdo sao limitados. Porém, maiores niveis de
sCD14 foram associados com o risco aumentado de DAC incidente (OLSON et
al., 2020).

O CD14 foi demonstrado ser um dos marcadores de estagio avancado da
doencga aterosclerédtica em pacientes com HF e foi significativamente associado
a DAC, independentemente da idade e do tabagismo, e consequentemente,
associado a eventos coronarianos futuros em pacientes com HFHe. Assim, o
CD14, pode ser uma nova ferramenta em potencial para investigagcao e previsao
precisa de risco, sugerindo uma capacidade promissora de marcador a ser
testado em populagbes com acompanhamento prospectivo (BOS et al., 2017,
PRASONGSUKARN et al., 2021).

2.5.4.7 Proteina Gla de matriz nao carboxilada circulante (ucMGP)

A proteina Gla de matriz (MGP) € um membro de proteinas da familia de
vitamina K-dependente, expresso por células musculares lisas vasculares de

camada média arterial, fibroblastos, condrdcitos e células endoteliais, podendo
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também ser expresso em uma variedade de tecidos, incluindo a parede arterial,
coragao, pulmdes e rins (GRIFFIN et al., 2019). A MGP é um marcador de
calcificacao vascular, pois € um potente inibidor deste processo, podendo
estimar o risco cardiovascular (VAN DEN HEUVEL et al.,2014, GRIFFIN et al.,
2019; SHIOI et al., 2020). A deficiéncia de MGP leva a uma maciga calcificagéo
arterial e morte prematura por eventos vasculares (LUO et al., 1997; SHIOI et. al,
2020; BILALIC et al., 2021).

A MGP para se tornar ativa, precisa sofrer carboxilagéo e fosforilagdo vitamina
K-dependentes (ROUMELIOTIS et al., 2020). A vitamina K tem um papel crucial
na sintese da MGP ativa, servindo como cofator para a enzima y-glutamato
carboxilase que catalisa a conversdo da MGP desfosforilada n&o-carboxilada
(dp-ucMGP), que ¢é a forma totalmente inativa para formar a MGP desfosforilado-
carboxilada (dp-cMGP), uma forma intermediaria, seguido da fosforilagdo de
serina para formar a MGP fosforilado-carboxilado ativa e madura (p-cMGP) que
serve como grupos ligadores de calcio (GRIFFIN et al., 2019; JESPERSEN et
al.,, 2020). A carboxilacdo € essencial para a sua atividade inibitéria da
calcificagdo e sua secregcao é aumentada pela fosforilagdo (CRANENBURG et
al., 2010). A MGP desfosforilada ndo-carboxilada (dp-ucMGP) é considerada um
melhor indicador do estado vascular da vitamina K do que outros componentes
do sistema MGP e se correlaciona com a rigidez vascular na populagao em geral
(GRIFFIN et al., 2019;SHIOI et al., 2020, ROUMELIOTIS et al., 2020).

Elevados niveis circulantes da forma inativa dp-ucMGP refletem a baixa ingestao
de vitamina K, o que resulta em inibicAo menos eficiente de -calcificagao
vascular. Em varios grupos de pacientes foi encontrada a associagao entre dp-
ucMGP circulante com morbidade e mortalidade cardiovasculares (VAN DEN
HEUVEL et al., 2014; JAMINON et al., 2020; BILALIC et al., 2021). Em pacientes
diabéticos com doenga renal (DR), mostrou-se eficiente na avaliagao do risco de
desenvolver doenga vascular manifestada como calcificagdo medial e intimal
com patologias distintas, sendo um fator de risco comum na DR (GRIFFIN et al.,
2019; JAMINON et al.,, 2020). Além disso, a deficiéncia de vitamina K em
pacientes com DR associado a exposi¢cdo da vasculatura a um meio urémico

toxico demonstrou reducdo da atividade da carboxilase, causando uma
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inatividade da MGP e consequente deficiéncia vascular da vitamina K e aumento
da calcificagdo vascular (JAMINON et al., 2020; GRZEJSZCZAK e
KURNATOWSKA, 2021; STEPIEN et al., 2022).

2.5.5 Microparticulas

As microparticulas (MPs) correspondem a um grupo distinto de pequenas
vesiculas anucleadas, que estao envolvidas em varios processos fisiolégicos e
fisiopatolégicos. Podem advir de varias linhagens celulares ativadas ou pela
morte celular. No contexto da cardiologia, podem estar envolvidas no
desenvolvimento e manifestacdo de DCV, sendo que a presenga em niveis
elevados no plasma esta associada a inflamagao crbnica, dano endotelial e
trombose, ja que evidéncias sugerem que MPs liberadas de plaquetas,
leucdcitos e endotélio podem ajudar a avaliar a saude vascular. A constatagéo
dessa forte correlagao dos niveis de MPs com varios desfechos de DCV levou
ao investimento em estudos avaliando a sua utilizagdo como biomarcadores
(VOUKALIS et al., 2019, LUGO-GAVIDIA et al., 2021).

As MPs sao fragmentos submicrénicos que originam diretamente da membrana
plasmatica, liberadas a partir de células que estdo em condigdes de estresse
e/ou lesdo. Sua formacao inicia-se pela modificacdo na membrana da célula,
seguida pela fissdo e subsequente liberagdo no espago extracelular, quando
ocorre a externalizacdo da fosfatidilserina (PS), sendo uma das principais
caracteristicas das MPs (BURGER et al., 2013; MINCIACCHlI et al., 2015).

As MPs podem ser liberadas sob condicbes de estresse, morte celular ou
apoptose, mas também podera ocorrer durante um processo de ativagao celular,
como ocorre com as células endoteliais e plaquetas, contendo proteinas de
superficie da célula originaria, juntamente com conteudo citosdlico incluindo
enzimas, RNA e possivelmente DNA, e se distinguem das outras microvesiculas
com base no tamanho, mecanismo de formagédo e conteudo (BURGER et al.,
2013; COCUCCI e MELDOLESI, 2015; ZABOROWSKI et al., 2015). Evidéncias
emergentes sugerem que as MPs ndo sdo simplesmente uma consequéncia das

doengas, mas podem contribuir para manutencao dos processos patoldgicos das
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mesmas, sendo assim, consideradas marcadores e mediadores de doencas
(BURGER et al., 2013). A liberacdo de MPs é um fenbmeno compartilhado por
muitos tipos celulares como forma de comunicagdo com outras células e, uma
vez absorvidas por células vizinhas e/ou distais, as MPs podem transferir a
carga funcional que podera alterar o estado das células receptoras, contribuindo

para processos fisiologicos e patolégicos (ZABOROWSKI et al., 2015).

Devido as MPs serem muito pequenas e heterogéneas, houve a necessidade de
se desenvolverem técnicas para medi-las e assegurar de maneira precisa e com
alto rendimento, sendo a citometria de fluxo o método mais disponivel para a sua
abordagem de estudo, devido ao seu alto rendimento para quantificar e fenotipar
um grande numero de MPs, pois combina a alta sensibilidade da fluorescéncia
(LANNIGAN e ERDBRUEGGER, 2017; SZATANEK et al., 2017). A identificagao
das MPs por citometria de fluxo baseia-se na ligagéo especifica da anexina V a
PS, esta ultima exposta na superficie da MP durante a sua formagdo (CONNOR
et al., 2010; JEPPESEN et al., 2019).

2.5.5.1 Microparticulas de cardiomiécitos (CardioMPs)

As CardioMPs sao liberadas durante condigdes de estresse, como hipdxia,
inflamacao ou lesdo do musculo cardiaco e podem atuar como mediadores de
comunicagoes intercelulares. Em condi¢cdes de hipdxia, as MPs sao enriquecidas
com fatores angiogénicos, e no infarto agudo do miocardio (IAM), as células
cardiacas danificadas produzem MPs com aumento de conteudo de fatores
angiogénicos, anti-apoptoticos, mitogénicos e de crescimento para induzir reparo
e cicatrizacdo do miocardio infartado (CHISTIAKQOV et al., 2016; GONZALO-
CALVO et al., 2017; SIEGEL et al., 2020; WAGNER e RADISIC, 2021).

2.5.5.2 Microparticulas de células endoteliais (EMPs)

A homeostase vascular € um reflexo integral do endotélio quiescente, mas ao
mesmo tempo competente (YONG et al.,, 2012). A disfungdo endotelial € um

evento precoce no desenvolvimento e progressao de uma ampla gama de
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doengas cardiovasculares (LOVREN e VERMA, 2013) e € causado pela
inflamacédo - evento inicial na formacado da placa aterosclerdtica, evento que
pode nao ser identificado e tratado de forma eficaz em pacientes com lesdes
vasculares assintomaticas ou frageis, sendo necessario descobrir novos
biomarcadores e desenvolver abordagens diagndsticas mais eficientes para
estratificar pacientes com maior risco de eventos cardiovasculares que se

beneficiariam de uma intervengéo (SCHIRO et al., 2014).

As EMPs sao liberadas na circulagédo apos ativacdo das células endoteliais ou
apoptose, atuando como efetores biologicos moéveis capazes de mediar a
fisiologia e a fungdo vascular (YONG et al., 2012; CURTIS et al., 2013; SCHIRO
et al., 2014). As EMPs tém atuado como mensageiros primarios e secundarios
de inflamagdo vascular, trombose e resposta vasomotora, angiogénese e
sobrevivéncia endotelial, e estdo emergindo como indicadores potencialmente
uteis de endotélio disfuncional, pelo qual a presencga diferencial de EMPs esta
ligada a manifestagdo da doenca vascular (YONG et al., 2012; CURTIS et al.,
2013).

As EMPs podem ser classificadas como fisiologicas com efeitos anticoagulantes,
ou patoldgicas com efeitos pro-inflamatérios (SCHIRO et al., 2014). Evidéncias
crescentes sugerem que as EMPs desempenham um papel importante na
patogénese da DCV, atuando como um marcador de dano, exacerbando a
progressado da doenga ou desencadeando uma resposta de reparo, e tém sido
cada vez mais reconhecidas a desempenhar uma infinidade de papéis
biologicos, refletindo a competéncia da funcédo endotelial e da biologia vascular
com potencial de atuar como biomarcadores do estado da doenga (YONG et al.,
2012, SCHIRO et al., 2014).

2.5.5.3 Microparticulas que expressam fator tissular (FTMPs)
A coagulagdo é iniciada pelo fator tissular (FT), que € expresso

constitutivamente por células extravasculares, mas ha evidéncias crescentes de

que o FT pode estar presente no sangue exposto em vesiculas derivadas de
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células, sendo a sua presengca associada a estados de hipercoagulagao
(KLEIJAN et al., 2012).

A hipercolesterolemia € um importante fator de risco para aterosclerose, mas
também esta associado a hiperatividade plaquetaria que aumenta a morbi-
mortalidade por doengas cardiovasculares, mas 0os mecanismos pelos quais a
hipercolesterolemia produz um estado pré-coagulante permanecem indefinidos.
Foi hipotetizado que a hipercolesterolemia com niveis elevados de LDLox no
plasma induz a expressdao de fator tissular em monécitos humanos, pois
portadores de HF tiveram niveis elevados de atividade de FTMP (OWENS Il et
al., 2012). Devido a isso, houve intenso interesse na medicéo clinica das FTMPs
em condigdes clinicas diversas. Este interesse foi impulsionado pela
demonstragao de seu papel em modelos animais de propagac¢ao de trombos

com potencial pré-coagulante (KEY, 2010).

2.5.5.4 Microparticulas de Plaquetas (PMPs)

As plaquetas sdo conhecidas em desempenhar um papel central na hemostasia
primaria, bem como na fisiopatologia de disturbios trombéticos. Além disso,
estdo envolvidas em varios processos fisiopatologicos incluindo respostas
imunes, inflamacao, angiogénese, regeneragao tecidual e metastases de cancer
(VARON e SHAI, 2015). Estudos revelaram um papel importante das PMPs na
comunicacao e envio de sinais para outras células, com mudancga do fendtipo,
durante a inflamagdo, miopatia, angiogénese e metastase tumoral (VARON e
SHAI, 2015).

Diante do detalhamento desses marcadores cardiovasculares e das MPs que
podem ser usados como sinalizadores de alteragdes endoteliais e vasculares
precoces para a aterosclerose, e ainda por serem potenciais alvos terapéuticos
para a prevencao de desfechos cardiovasculares, o presente estudo se justifica
por existir, até o presente, poucos estudos que objetivam a avaliacdo desses

marcadores numa populagao com HF.
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3 OBJETIVOS

3.1 Objetivo Geral

Caracterizagao clinica e genética de casos-indices com HF e seus familiares,
bem como a avaliacdo de novos marcadores de risco cardiovascular e

microparticulas nesta populagéo.

3.2 Objetivos especificos

e Selecao de pacientes (casos-indices) com HF de acordo com os critérios
de Dutch;

e Captacao de familiares dos casos-indice;

e Caracterizagdo clinica e laboratorial (perfil lipidico) dos individuos
selecionados;

e Caracterizacao genética dos individuos;

e Avaliacdo da relagdo entre as variantes genéticas e as caracteristicas
clinico-laboratoriais;

e Avaliacdo dos novos marcadores de risco cardiovascular GDF-15,
CXCL16, FABP3, FABP4, LIGHT, sCD14 e ucMGP de acordo com a
presencga ou auséncia de variantes genéticas;

e Avaliacdo de microparticulas de cardiomidcitos, células endoteliais, fator
tissular e plaquetas de acordo com a presencga ou auséncia de variantes

genéticas.
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4 METODOLOGIA

4.1 Aspectos Eticos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da UFMG
(COEP-UFMG) (Projeto CAAE- 76387417.6.0000.5149) (Anexo 1). Os
participantes selecionados tiveram o esclarecimento sobre a pesquisa e os que
estavam de acordo assinaram um Termo de Consentimento Livre e Esclarecido
(TCLE) (Anexo B). Os TCLEs dos menores de 18 anos foram assinados pelos
pais ou responsaveis legais que responderam também a um questionario clinico

com perguntas de interesse da pesquisa.

4.2 Caracterizacao do estudo

Trata-se de um estudo transversal observacional para caracterizagao clinica e
molecular de carreadores de variantes genéticas relacionadas a HF e avaliagéo
de marcadores de DCV nesses pacientes, em comparagao com grupo controle
selecionado com familiares nao carreadores das variantes genéticas

relacionadas a HF.

4.3 Tamanho amostral

Este estudo foi dividido em 3 etapas a seguir: caracterizagdo molecular,
avaliacdo de novos marcadores cardiovasculares, avaliagao de microparticulas;

sendo que,em cada uma delas, foram selecionados diferentes grupos a medida
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que as avaliagdes foram realizadas.Todos os participantes foram selecionados
pelo programa Hipercol Brasil Itinerante do Instituto do Coragéo (InCor), onde os
Cl apresentavam valores deLDLc = 210mg/dL para adultos e = 190 mg/dL para
criangas; ou pela busca ativa por Cl a partir de resultados de perfil lipidico de
laboratorios de analises clinicas, utilizando os mesmos critérios. Apds a
identificacdo das variantes genéticas dos Cl, houve a convocagdo para a
participagao voluntaria de familiares de 1° e 2° graus para rastreamento genético
em cascatapara analise genética e de biomarcadores. O total de participantes

para cada etapa estao representadas de acordo com as Figuras 4, 5 e 6.

Figura 4 — Fluxograma da selecdo dos participantes para caracterizagéo

molecular
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Figura 5 — Fluxograma da selec&o dos participantes para avaliagcdo dos novos

marcadores cardiovasculares
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Figura 6 — Fluxograma da selecdo dos participantes para avaliagdo das

microparticulas
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4.4 Critérios de inclusao

Cl com suspeita clinica de HF e seus familiares, de qualquer faixa etaria, de
ambos o0s sexos, sendo permitido tratamento com redutores de colesterol

(estatinas, ezetimiba ou ambas).

4.5 Critérios de nao-inclusao

Doencgas hepaticas, hematoldgicas (incluindo historico de trombose venosa e
TEP), doencas renais (RGF < 60 mL/min calculado por Cockcroft Gault),
doengas inflamatérias (incluindo artrite reumatéide e doengas auto-imunes),
diabetes mellitus descompensado (HbA1c > 7,0%), obesidade (IMC > 30 Kg/m?
para adultos e Z score de IMC > +2 para criangas), doengas tireoideanas
descompensadas (TSH ultrassensivel > 5,33 Ul/mL), triglicérides > 400 mg/dL,
portadores de HIV. As informagdes necessarias para a exclusdao foram obtidas
por meio de exames de laboratorio recentes na época da coleta de material para

o estudo e as informacdes foram registradas em uma ficha clinica da pesquisa.

4.6 Coleta das amostras

O programa Hipercol Brasil Itinerante deu inicio ao processo de coleta do
material para caracterizagdo molecular dos participantes por meio de mutirdo
com busca ativa pelo sistema de atendimento publico de saude e por resultados
alterados de LDLc nos laboratérios de analises clinicas. Todos os valores de
LDLc foram reavaliados no InCor pelo método de dosagem direta e aqueles
individuos com valores de LDLc= 210 mg/dL nos adultos e = 190 mg/dL foram
genotipados. O restante que nao revelou o valor de corte de LDLc foram

excluidos.
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Para a coleta de material para avaliacdo dos marcadores cardiovasculares e
microparticulas, foram agendados em datas especificas em meses
subsequentes (Agosto, Setembro, Outubro e Novembro/2021) a medida que os
participantes eram avaliados clinicamente. Na data marcada, os participantes se
dirigiam ao laboratério, ou o laboratério se dirigia ao participante (os que
moravam em zona rural) e o material era coletado e processado. No mesmo dia,
esse material era levado em condigdes de refrigeracdo adequada para serem

trazidos para o armazenamento a -80°C na Faculdade de Medicina da UFMG.

Para a obtengcédo do DNA, foi coletada amostra deswab bucal usando Oragene®
OG-500 DNA Genotek dos Cl, ou sangue total coletado em Whatman® FTA®

card (Sigma-Aldrich) dos parentes de 1° e 2° graus para a analise em cascata.

As amostras de sangue para avaliagdo de lipoproteina(a) e dos marcadores de
risco cardiovascular, foram obtidas por meio de parcerias com laboratérios das
cidades de Bom Despacho (Laboratério Marcio Jardim) e Moema (Laboratério
Moema) para facilitar o acesso dos participantes a coleta. Foi coletadosangue
venoso (sem anticoagulante — 1 tubo; em EDTA — 1 tubo e em Citrato de Sodio —
1 tubo) apds jejum de 12 horas, em tubos de Sistema Vacuntainer® (Becton-
Dickinson). A ordem da coleta seguiu a recomendagédo do CLSI (Clinical and
Laboratory Standards Institute) a fim de eliminar possiveis interferéncias. As
amostras foram centrifugadas a 1.500 RPM por 15 minutos. O soro e o plasma
foram estocados a - 80°C para posterior analise.O tubo de plasma em Citrato de
sodio foi centrifugado a 3.000 rotagcées por minuto (RPM) por 15 minutos, dois
tercos superiores do sobrenadante foram transferidos para tubo de ensaio e uma
nova centrifugagéo foi realizada a 3.000 RPM por mais 15 minutos para que 2/3
do plasma sobrenadante, pobre em plaquetas,fosse utilizado para avaliacdo das

microparticulas.

4.7 Delineamento experimental

Foram avaliados os seguintes parametros:
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e Teste genético para detecgcdo de variantes genéticas nos genes LDLR,
APOB, PCSK9, APOE, STAP1, PDLRAP1, LIPA, ABCG5 e ABCGS.

e Dosagem da lipoproteina (a) para avaliagdo de perfil lipidico n&o
convencional.

e Dosagem dos novos marcadores GDF-15, CXCL16, FABP3, FABP4,
LIGHT, sCD14 e ucMGP para avaliagao de risco cardiovascular.

¢ Quantificacdo de microparticulas oriundas de cardiomidcitos, células

endoteliais, plaquetas e fator tissular.

4.7.1 Teste genético

4.7.1.1 Extragcao de DNA

A extragdo de DNA gendmico a partir da saliva foi realizada usando o kit
comercial preplT-L2P (DNA Genotek®), conforme descrito pelo fabricante. A
extragcdo de DNA genbmico a partir do sangue total seco foi realizada usando o
kit de extracdo comercial QlAamp DNA Blood Mini Kit (QIAGEN®) de acordo
com o fabricante. A quantificacdo da amostra foi utilizada em espectrofotdmetro
NanoDrop™ 1000 e, para verificacdo de sua integridade, foi submetida a
eletroforese em gel de agarose a 1% (exceto para amostras de mancha de
sangue seco). Todas as amostras de DNA foram armazenadas a -80°C até a
analise. Esta etapa, bem como o sequenciamento do DNA descrito a seguir, foi
realizado no Laboratério de Genética e Cardiologia Molecular do Instituto
do Coracédo de Sao Paulo (INCOR), Hospital das Clinicas da Universidade de

Sao Paulo, sob a coordenacao da Dra Cinthia Elim Jannes.

4.7.1.2 Sequenciamento do DNA

O sequenciamento do DNA foi realizado por técnica de NGS (next generation
sequencing), com biblioteca preparada de acordo com as recomendagbes do
fabricante. Esta preparagdo consiste na captura e enriquecimento de regides-
alvo por Sure Select QXT (Agilent Technologies), incluido neste kit um conjunto
de reagentes de sequenciamento e um conjunto de sondas de captura
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personalizadas para os genes a serem analisados: LDLR, APOB, PCSKO9,
LDLRAP1, LIPA, STAP1, APOE, ABCG5 e ABCGS8. A andlise foi realizada na
plataforma Illumina MiSeq Plataform com uma extremidade emparelhada de 150
pb. As leituras de extremidade emparelhada de sequenciamento foram
mapeadas para a referéncia do genoma NCBI Build (hg19) usando software CLC
Genomics Workbench 9.0 (QIAGen®). Os critérios minimos de detecgédo para
chamadas de variantes foram cobertura de 10x e qualidade de Phred =
Q30.MLPA (Multiplex Lobe Depende Probe Amplification) no gene LDLR foi
usado para rastrear variantes de numero de cépias (CNVs) em Cl sem nenhuma

mutacao do tipo missense, nonsense ou frameshift identificada no NGS.

O sequenciamento dos familiares, apds caracterizagdo da variante genética do
Cl, foi realizado pelo método de Sanger. Para isto, reagdes em cadeia da
polimerase (PCR) foram realizadas usando primers projetados pelo software

Primer3 (http./bioinfo.ut.ee/primer304.0/). Os fragmentos amplificados foram

sequenciados usando o kit de sequenciamento BigDye 3.1 (Applied Biosystems)

em um sequenciador ABI 3500 automatizado (Applied Biosystems).

As variantes encontradas foram classificadas de acordo com as diretrizes do
American Collegeof Medical Genetics and Genomics (ACMG). Foram utilizados
os programas Mutation Taster, Provean, SIFT e PolyPhen-2 para predicédo de
efeitos funcionais. Os dados de frequéncia dos bancos de dados Kaviar
(KnownVARiants), ABraOM (Online ArchiveofBrazilianMutations) e gnom AD
(GenomeAggregationDatabase) foram utilizados para comparagao. As variantes
encontradas também foram pesquisadas em bancos de dados da literatura
médica, como CIlinVAR (https:.//www.ncbi.nlm.nih.qov/clinvar/),  HGMD
(http://www.hgmd.cf.ac.uk/ac/index.php), LOVD (https.//databases.lovd.nl/) e
PubMed (https.//www.ncbi.nlm.nih.qgov/pubmed/).

4.7.2 Lipoproteina(a) e LDLc

A quantificagado da Lp(a) foi realizada no soro utilizando o conjunto diagndstico
Atellica CH® cujo principio analitico € o método de turbidimetria. O ensaio foi

realizado pelo Laboratério Marcio Jardim, localizado em Bom Despacho, em


http://bioinfo.ut.ee/primer304.0/
https://www.ncbi.nlm.nih.gov/clinvar/
http://www.hgmd.cf.ac.uk/ac/index.php
https://databases.lovd.nl/
https://www.ncbi.nlm.nih.gov/pubmed/
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parceria com o Laboratério Hermes Pardini, localizado em Belo Horizonte,

utilizando-se o analisador Atellica Siemens Healthineers ®.

Os valores LDLc, obtidos dos prontuarios, foram avaliados em condi¢des basais
dos pacientes, ou seja, sem tratamento. No entanto, nos pacientes que estavam
recebendo tratamento hipolipemiante, foi estimado o LDLc basal usando fatores
de converséo relatados na literatura conforme Foody et al. (2013)" e Ballantyne
et al. (2014)?, seguindo as seguintes formulagcbes de acordo com os tratamentos

em uso pelos participantes :

Uso de Sinvastatina 20 mg: LDLc basal = LDLc medido + 0,64

Sinvastatina 40 mg: LDLc basal = LDLc medindo + 0,59

Sinvastatina 20 mg + Ezetimiba 10 mg: LDLc basal = LDLc medindo + 0,48
Sinvastatina 40 mg + Ezetimiba 10 mg: LDLc basal = LDLc medindo + 0,44
Atorvastatina 20 mg: LDLc basal = LDLc medido + 0,56

Atorvastatina 40 mg: LDLc basal = LDLcmedido + 0,51

Atorvastatina 80 mg: LDLc basal = LDLc medido + 0,45

Atorvastatina 20 mg + Ezetimiba 10 mg: LDLc basal= LDLc medido + 0,46
Atorvastatina 40 mg + Ezetimiba 10 mg: LDLc basal = LDLc medido + 0,44
Atorvastatina 80 mg + Ezetimiba 10 mg: LDLc basal = LDLc medido + 0,39
Rosuvastatina 10 mg: LDLc basal = LDLc medido + 0,67

Rosuvastatina 20 mg: LDLc basal = LDLc medido + 0,52

Rosuvastatina 40 mg: LDLc basal = LDLc medido + 0,40

Rosuvastatina 20 mg + Ezetimiba 10 mg: LDLc basal = LDLc medido + 0,36
Rosuvastatina 40 mg + Ezetimiba 10 mg: LDLc basal = LDLc medido + 0,30

1FOODY, J.M.; TOTH, P.P.; TOMASSINI, J.E.; SAJJAN, S.; RAMEY, D.R.; NEFF, D.; TERSHAKOVEC, A.M.; HU, H,;
TUNCELI, K. Changes in LDL-C levels and goal attainment associated with addition of ezetimibe to simvastatin,
atorvastatin, or rosuvastatin compared with titrating statin monotherapy. Vascular Health and Risk Management, v.9,
p.719-727,2013

2 BALLANTYNE, C.M.; HOOGEVEEN, R.C.; RAYA, J.L.; CAIN, V.A.; PALMER, M.K.; KARLSON, B.W. GRAVITY Study
Investigators. Eficcacy, safety and efect on biomarkers related to cholesterol and lipoprotein metabolism of rosuvastatin

10 or 20 mg plus ezetimibe 10 mg vs. simvastatin 40 or 80 mg plus ezetimibe 10 mg in high risk patients: results of the
GRAVITY randomized study. Atherosclerosis, v.232, p.86-93,2014



96

4.7.3 Dosagem dos novos marcadores de risco cardiovascular

A quantificagcdo dos marcadores GDF-15, CXCL16, FABP3, FABP4, LIGHT,
sCD14 e ucMGP foi realizada em amostras de plasma colhidas em EDTA,
utilizando kit de ensaio multiplex para Luminex (MILLIPLEX®MAP Human
Cardiovascular Disease,EMD Millipore®), em um equipamento MAGPIX®
Multiplexing System (Millipore Sigma®) seguindo o protocolo do fabricante.
Resumidamente, a tecnologia baseia-se na utilizacdo de microesferas de
poliestireno que s&o carregadas com fluorocromos. Usando-se uma proporgao
precisa de fluorocromos, até 100 esferas diferentes podem ser geradas de modo
que cada uma contenha uma assinatura codificada por cores exclusivas. Cada

placa é executada com 3 niveis de QCs (baixo, médio e alto) para cada analito.

4.7.4 Analise das microparticulas por citometria de fluxo

As amostras de plasma pobre plaquetas (PPP) foram descongeladas a 37°C e
centrifugadas a 13.000 x g por 3 min. O sobrenadante foi aspirado e diluido 1:3
em solucéo salina tamponada com citrato fosfato (PBS) contendo heparina. A
amostra diluida foi centrifugada a 15.000 x g por 90 min a 15°C. O pellet de MPs
foi entdo ressuspenso em tampao de ligagdo 10*anexina V Thermo Fisher
Scientific® (San Diego, EUA). O procedimento experimental para o
isolamento/purificacdo das MPs foi feito segundo Campos et al. (2010)°.

Dessa forma, os anticorpos e fluorocromos utilizados foram compreendidossem
um painel conforme o objetivo de se proceder uma analisemultiplex, realizando a
analise das MPs em tubo unico, incluindo o marcadorgeral para MPs, anexina V,
capaz de se ligar a PS, conforme explicado anteriormente. O painel utilizado

encontra-se na Tabela 2.

3CAMPOS, F. M. F. et al. Augmented Plasma Microparticles During Acute Plasmodium Vivaxinfection. Malaria Journal, v.
9, p. 327, nov. 2010.
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Tabela 2 - Painel definido para analise multiplez de microparticulas por

citometria de fluxo
Filtro 530/30 575/26 780/60 670/14 450/50
Anticorpo CD51/61 Anti-CD142 Anti-CD41a | Anti-caveolina 3 | Anexina V
Fluorocromo FITC PE PE-Cy7 AlexaFluor 647 | eFluor 450
Especificidade | endotélio | Fator tissular | plaqueta cardiomiocito fosfatidilserina
As analises foram realizadas no citémetro CytoFLEX (Beckman Coulter Life

Sciences®) na plataforma de Citometria de Fluxo do Instituto René Rachou
(IRR/FIOCRUZ-Minas) no mesmo dia da marcagcdao dos fluorocromos. O
citbmetro foi programado para operar em uma
configuragdo de alta taxa de fluxo, 60 segundos para cada amostra (50.000
eventos, cada). O numero de MPs/uL de plasma foi calculado conforme
descrito por Campos et al. (2010)* sendo:

MPs (/uL)=N x 400

60 x 100

Em que N é o numero de eventos, 400 € o volume total do tubo antes da
analise, 60 € o volume da amostra analisada e 100 é o volume original
desuspensao de MPs utilizado para realizar o protocolo de fenotipagem.
Os gates de tamanho foram determinados com base na distribuicdo de
(FSC) e (SSC) (beads) de
fluorescéncia verde de poliestireno de 0,1 uym, 0,2 ym, 0,5 ym, 1,0 ym e 2,0

Kit,

disperséo frontal lateral de microesferas

pmde  diametros

ThermoFisherScientific®).

(Flow CytometrySub-micronParticleSizeReference

4.8 Analise estatistica

As andlises estatisticas foram realizadas usando-se o programa R Platform
versao 4.2.2. Foi aplicado o teste de Shapiro-Wilk para avaliar a distribuicdo de
As variaveis

normalidade, onde nenhum assumiu distribuicdo normal.
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qualitativas foram descritas como frequéncias absolutas e relativasde suas
categorias, e a variaveis quantitativas como medidas de tendéncia central
(mediana) e variabilidade (intervalo interquartil -Ql). A associa¢ao entre variaveis
qualitativas foi testada por meio do teste qui-quadrado, com simulagao de Monte
Carlo quando necessario. A comparagcao de tendéncia central das variaveis
quantitativas entre os grupos foi realizada por meio dos testes ndo-paramétricos
de Mann-Whitney ou Kruskal-Wallis. Foram consideradas significativas as

diferengas com valor de p< 0,05.
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Abstract

Familial hy percholesteralemdia (FH) is an autosomal dominant genetic disease characterized by high levels of low-density
lipoprotein-cholesterol (L), associated to prematare cardiovascular disease. The detection of the variants related 1o FH
is impartant o improve the early dizgnosis in probands § index -cases (ICs) and their relatives. We included ICs with FH and
their relatives, living in a small region of Minas Gerais state-Braxil, which were classified acoording to Dutch Lipid Climic
Metwork Criteria (DLCNC) and swhmitted to sequencing of geres related wo FH (LR, APOE, PCSKY, LDLRAFPT, LIPA,
STAPI, APOE, ABCGS ¢ ABRCGR). Imamtal of 143 subjects (32 1Cs and 111 relatives), eight variants were identified in %1
individuals. From these variantx, five were in LR [pAsp224Asn), piSerBSdGly), piCy=34 Arg)h, p.(Asphid] His), dele-
tBon of exon 15 in LIDLR)], one in APOR [p.(Metd99%al)], one in PCSKS [p{Arg237Trp)] and one in APOE [p.(ProZ8Leu)]
genes, The variants were detected i 10% of those subjects classified as definitive, B7% as probable amd 6%% as possible
FH cases based on ILCNC. The LDLe level was higher in individuals with cormeal arch and xanthomas or xanthelasmas,
as well as in pathogenic or probably pathogenic variants carriers. This study showed higher frequency of LINLR gene vari-
anis compared o other genes related o LIDL metabolism in individuals with FH in Minas Gerais = Brazil and the presence
of FH im relatives withoul previows diagnosis. Our data reinforce the importance of molecular and climical evaluation of FH
relatives in onder to early dizgnosis the FH. as well as cardiovascoular diseases prevention.

Keywonds Familial hypercholesterobemia - Genetic variants - LDL - Cardiovasoular disease

Introduction

Familial hypercholesterolemia (FH) is an amnsomal domd-
nant genetic disonder that affects lw-density lipoprotein
cholesternl (LDLc) metabolism. Most of the variants are
im the LD receptor (LDLE) gene [ 1], 2nd less commonly
im the Apolipoprodein B (APOE) [2] and the proprotein
ooavertase subtilisin/Kexina 9 {PCSKY) genes, being the
last one variants with gain-of-function [3]. The Apolipa-
protein E {APOE) pene is also related to FH by modulating
highly atheregenic lipoproteins. with the EVE4 genotype
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being reporied as the most frequent in individuals with
hypercholesterolemia [4]. Almost 2100 variants in the
LIMNLR gene have been described and can be divided into
classes based on biochemical and functional studies of the
variants, related o abnormal priMein transport from the
endoplasmic reticulum to the Golgi apparatus, defective
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ligand comnection or imtemalization/endocylosis of LDLc.
and impaired LDLE recycling |5. 6].

Patients with genetic varianis have elevated LDLc
levels, which may result im an increased risk to develop
athernsclerotic disease simce childhood [ 7). The diagnosis
is bazed on the clinkcal criteria of Simon Broome Regis-
ter (SBR), which is defined as FH probable or definitive.
or Dutch Lipid Clinic Network (DLCN) [8, %), in which
imdividumls are classified in scores from 3 to 8 poinis: the
FH definitive are the ones who score > 8 poinis. probable
between 6B poinis and possible between 3 and 5 points.
DLCH criteria also include the assessment of signs such as
temdon xanibomatosis amd cormeal arch; persomal or family
history im relatives of 151 and 2nd degrees of early athero-
sclerolic disease (men < 55 years and women < 6 years);
and LDLc levels = 190 mgfdL (4.9 mmol/L) in adults
and > 160 mgfdL (4.1 mmol/L) in children [9].

The prevalence of heterozygous FH is about 1:220
imdividumls based on large genetic studies [10, 11]. while
homozygous FH present a proportson of 1: 300,000 indi-
viduals [ 1{, 11]. In certain regions of the workd, a higher
heterozygous frequency of 1R individuals may occur,
as im populations of South Africa [12]. which has been
related to founder effect and inbreeding [5, 13]. The over-
all FH prevalence per 10D individuals in Brazil was esti-
mated 1 im 263 [14].

Genelic testing is considered the gold stamdard for
the diagmosis of FH. However. several varianis remain
unknown and their absence does not exclede the dizgmo-
sis, especially when there is strong phenotypic evidence.
which cam be explained by the accumulation of common
allebes of small effect on the LD.c or due to the presence
of varianis in gemes that until now have not been associ-
ated with FH [15]. In addition, there is wide phenodypic
heterogeneity in FH, mainly associated with variants of
null zlbeles, which are related io high levels of LDLc and
higher cardiovascular risk [ 16].

Despite of the relatively frequent diagnosis of individuo-
als with FH (index case = 1C). the identification of affected
relatives is imporiant, since the disease is underdiagnosed.
The cascade screening of affected family members con-
tributes 1o the early diagnosis of FH, with idemtification
of individuals at higher risk to develop atherosclerstic dis-
ease, leading te a T5% reduction of the death rates due to
cardiovascular complications [17].

This study aimed to perform a cascade screening by
mirlecular testing at LIWNR, APOE, PCEKY, LDLRAPT,
LIPA, STAPI, APOE, ABCGS and ABCGE genes and to
evaluaie the DLCKH criteria application for FH dizgnosis
im 143 individuals belonging to 31 Family clusters living
im sputheastern region from Brazil.

Material and methods
Patients and samples

Thiz observational study included 32 ICs, without age
resiriction, attended sequentially a1 the Medical Specialties
Center (MSC), a public healthy reference for the micro-
region in Bom Despacho city. in Minas Gerais state, 2 small
region af 1.415.66 Km® in the southeastern from Brasil.

Patients sought the MSC from 2003 o 2019 for FH
dizpnosis and treatment, due o a previows laboratory test
with high LDLc levels. After the FH molecular diagno-
sis of these patients, all available Family members of 1=
and 2md degrees of those patients carrying genetic vari-
amts were requesied for clinical and laboratory evaluation.
The DLCH criteria was used for FH diagnosis, consider-
img the scores: > § points - definitive; 6-8 points = proh-
ahle; and 3-5 points- possible FH. Those with score <3
were considered FH absent. All ICs presented LDLc lev-
els = 210 mefdL (adults) or = 190 me’dLi children). The
exclusion criteria were: triglycerides (TG} = 400 mgfdL
{limitation of Friedewald formula used to estimate the
LDLe levels). HIV positive. uncomtrolled hypothyrodd-
ismi, Cushing disease. cancer, amd kidney or liver disease.

Blood samples were collected from all participants afier
121 14 h of fEsting. in a2 Vaoulziner® tube without antico-
agulant to quantify LDLc. To obtain the DNA, saliva was
oollected usimg Oragene® CG-500 DNA Genotek from the
IC%. or whaole blood collected on ‘Whatman® FTA® cand
{Sigma-Aldrich) from relatives of 15t and Znd degrees for
cascade analysis.

Ethical aspects

All subjects participatimg in the study andfor their respec-
tive legal representatives were informed about the ohjec-
tives ani sigmed the Free and Informed Consent Forme. The
study was approved by the Ethics Comitte of Federal Uini-
versity of Minas Gerais (CAAE- T6.387. 417.6.0000.5149)
and by the Ethics Comitte of the University of Sio Paulo
(CAPPesqprodocold0 5942 12, 1001 (H6E ). The project was
carried out in accondance with the guidelines of the Dec-
laration of Helsinki.

Laboratory analysis
Determination of LDLe levels

The LDLc levels were obtained using the equation
|[LDLe =CT = HOMLc = {TG5]1]. being applied only when
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TG <400 mgidL [18]. In patients who were receiving
lipid-lowering treatment, the baseline of LI was exti-
mated wsing conversion factors as described in other stud-

ies [19, 20].
DA extraction

The extraction of genomic DMNA from saliva was performed
uxing the commercial kit prepl T-LIP {DMNA Genoiek® ), as
described by ihe manufaciurer. The extraction of genomic
DA from dried whole blood was performed acconding bo
the manufacturer. The quantification of the sample was per-
formed in a Hnuu[hupml.m spectropholometer. In order
o check #s mbegrity, it was subjecied to electrophoresis in
1% agarcse gel (except for samples of dried blood spot). All
DA samples were stored a1 — 20 °C unti] amalysis.

DMA sequencing

DMNA sequencing in ICs was performed using the Nexi-
Ceneration Sequencimg (NG5S technique, with a library
prepared according o ihe manufacture’s recommendations.
This preparation coasists of the caphare amd enrichment of
targel regions by Sure Select QXT {Agilent Techmologies®).
imcluded in this kit a set of sequencing reagents and a set
of customized caplure probes for the genes 1o be analyzed
LR, APQE, PCEKS, LIMRAPY, LIPA, STAPI, APOE,
ARCEES and ARCGE. DNA sequencing was performed on
the Illumina MiSeq® plalaform with 150 bp paired-end.
The reads were mapped to the NCBI Baild genome refier-
ence (hgl9) using CLC Genomics Worbench 9.0 software
[ AGen®). The minimum detection criteria for variant
calls were 10% coverage amd Phred quality = 30, MLPA
{Mubtiplex. Ligation-dependent Probe Amplification) in the
LR gene was used to track copy number variants (CNYs)
im ICs without amy point variant identified in the NG5,

The zequencing of family members, afier chamcleration
of the genetic variant of the ICs, was performed wsing the
Sanger method. For this, polymerase chain reaction (PCR)
veas performed using primers designed by the Primer? soft-
ware (hitp:ihivinfo.uteedprimer 3. The amplified
fragments were sequenced using the Big Dye 3.1 sequenc-
img Kit {Applied Biosystems®) in an automated ABI 3540
sequencer {Applied BiosystemsE).

The varianks found were clasified acconding to the Amer-
icam College of Medical Genetics amd Gemomics (ACKG)
guidelines. The softwares Mutation Taster, Provean, SIFT
and PalyPhen-2 were used to predict functional effects. Fre-
quency data from the Kaviar (Known'WARiants), AbraOM
[Archive of Brarilian Mutationh and gnomAD (Gemome
Aggrepetion Dalabmse) datahases were used for comparison
The variants found were also searched in medical literature
databases, such as ClinVAR (hips:/fwww nchinlmonib.

goviclimvany, HGMD {hop:ifa wea hgmed. of 2c ukiac/index
php), LOWD (hetpsitdatabases Jovd nl) and PubMed (hiips
Jfwrwrw nchindm.nih.govipuhmed).

Statistical analysis

Statistical analysis were performed using SP55 v.21 sofi-
ware. The Shapine-Wilk test was applied o assess the dis-
tribution of narmality. All continuous variables presentesd
a nom-parametric distribution, which were expressed as
median (intergquartile range). The Mamn<whitney test was
used i comypare tvr groups and the Kneckall- Wailis test was
used 1o comparne three groups. Categarical variahles were
compared using the xz test or Fisher's test, when applica-
hle. The correlation between variahles was assessed using
Spearmurn’s test. Differences with p < 005 were considered
statistically significant.

Results

In thix stsdy, 143 subjects were evaluated. including 32
(22.4%) ICs and 111 (T7.6% ) relatives, distributed in 31
family clusiers. Two 1Cs and their relatives were reated and
evalmied independently. bt later. in the study of the here-
duegram. it was observed that they had the same ancestry;
therefore, they were included in the same clusier.

All s were submitted to gemomic sequencing = 19
{59.4%) presented gemetic variants in one of the mne gemes
evalmied, and 13 (40.6%) did not have the genetic variamt
identified. The=e 13 individuals presented medion LDLe lev-
els=133 (28) mgfdl. TG levels= 119 {120} mgidL., three
(23.1%) presemted cardiovascular diseases (CVID) and only
ane (7.7%) presenied xanthomas. According te DLCN crite-
rii. five (38.5% ) were clssihed as FH absent and B (62.5%)
2 FH possible. Becanse the genetic variam was mot iden-
tified in these individuals, cascade screeming was not per-
formed oa their family members. Consequently, the analysis
was conducted only in ICs that presented genetic variamts
identified and their relatives.

The climical amd demographic characterization of this
population is summarized in Tabde 1. Both groups were
mainly composed by women, without VD, but with a
higher frequency of family history of CVD. Ahbowsgh all ICs
had ome identified variant, it was found in 70% of relabives,
Low frequency of smoking. diabetes amd systemic arterial
hypertension were ohserved in both groups. Few individuals
presented clinkcal signs of FH, characierized by the presence
aof corneal arch, xanibomas and xanibelasmas (Table 1)

According to the DLCN criteria. individwals were
classified as follows: (1) absent = no IC and 22 relabives
(19.8% ) (2) possible = 6 ICs (31.6%) and 33 relatives
{29.7%); (3) probable = 5 KOs (26.3%) and 41 relatives
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Table 1 Clinical andl demographic cherscierization of index cases
and eir relatives

Varuhles 108 (e 19 Relatives (n=111)
Age (years) 44 15) 34 {33)
BMI (kgfm’) MART  228(T)
LD {mgidl) 4340 217 (129
Sex

Men 4 (21} 47 IR

Woreen 15 {T9%) Lk S|
VD

] I8 (95 %) 1005 (5T

Yes 10%%) 414%)
Family history of CVD

Py T (3TR) 37 (%)

Yeu 12 {63%] T4 TR
DHaketes

Py 19 (MNFE} O S3R)

Yes 0 (1% T{7%)
Hyperemsion

Py 15 (T9%] B9 (K2R

Yes 4 (21} 20 {13%)
Smokisg

Py 1705 93 (SR

Ex-smaker (misisssm 2 vears) 1 (9%) 1 (B

Samkar 105%) 7 (7%]
Presenee of visiant

Abcean 0 (1% 3% (3%

Preseas I9{NNFE}  TZHTR)
Livwesing-lagpdad reatssein

Py 31105 T HIE)

Yes I7(90%)  41{37%)
Cornzal arch

Py 15 (T9%] 14 (9075

Y= 4 (21R) 11 {1050
X st g anthelas mas

M 16 (24%) 100 [FI%)

Yes I (165} 11 %)

Coatisime varisbles eupresssd s median (Eterquartile ange), cal-
eporical variahles expressed as sheolue numsber (roguesey %)

I i, case, BT Bordy mss indes, LOLe low dessiry lipogeotin.
chalemeral, CVD candiovascilar dissine

Mg data: | Tor OWED 2 for disbetes, T for Bypenension; 1 for
aking

(36.9%); and (4) defimitive - B 1Cs (42.1% ) and 15 relatives
[13.6% ). Among the BS (65.3%) subjects classified ax pos-
sible or probahle FH by the DLCN criteria, 17 {30%) indi-
vitluals did not carry genetic variamis. while all mdividuals
clamsified as definitive FH had genetic varianis. lnkerest-
ingly, among the 22 relatives classified as FH absent, |
[4.5%) individual was a carrier of variant (p.Asp224Asn in
LR gene). In the assessment of the presence of cormeal

arch, 3{15.7%) 1Cs and 11 (%.%% ) relatives presented this
sign. For the presence of xanthomas/xanthelasmas, 3
(15.8%) IC and 10 (9.0%) relatives showed these signs.
The frequencies of genetic varianis, corneal arch and xan-
thomas/xanibelasmas according to the LCN classificas
twom are presented im Fig. 1.

The LDLc kevels were compared with the variables smok-
ing (p=10.536}. occurrence of CVD (p=0.920), diabeles
melkitus (p=1{.258) and arterial hyperiension (p=0.309],
hut there was no diference between the groups reganding the
presence or absence of these events. However, higher levels
af LMo were observed in the group that had corneal anch,
xanthisma or xantbelasma (p=0.0018 and (002, respectively)
a expecied (Table 2).

The following variamts with the respective pathogenic
potentizls were found i heterozygosis form in the 19 1Cs:
{1} LR gene- pathopenic variants: polAsp22dAsn) and
deletion of exon 15; probably pathogenic: p.(Ser85401y),
piCys3dArg), pfAsphllHiz); {2y APOR gene- vari-
ant of umcertain significance (YUS): po(Metd99%al); (3)
PCSKS pene NUS pi Arg237Trp): (4) APOE gene- WVUS
p-{Fro28Leu). In the relatives’gemmic sequencing, the
variznts in the LIWLE pene p.{Asp22dAzn), p.(SerE540G0],
PiCys3d Arg) amd p.f Axpill]l Hiz) were found, as well as the
L Arg 23T Trp) variant in the PCSKY gene (Supplementary
maderial 1). The other variants were observed only im 1Cs
{Tahle 3).

Higher L[N c comcentrations were observed in the group
af imdividuals carriers of variamts [254 (73] mg/dL] com-
pared 1o those without identified variant [114 (45) mghdL.,
p< N ]. There was no difference in body mass index
(BMI) (p=10.14%} and frequency of cardivvascular events
{p=10u613) between the growps regarding the presence ar not
af varants. The occurrence of commeal arch and xanthomas!
xanthelasmas was observed only in the group with identibed
varianis (p={L011 and p= 0019, respectively ) ( Supplemen-
tary malerial 2.

There was a positive amd significant commelation bebween
LM levels and zge (r=10.249; p={L005) when the ICs an
relatives were evaluated together., regardless of the presence
af genetic variants. However, when this same analysis was
performed only in the group of imdividuals carrying varis
anlx, this correlation was mot observed (r=0.177; p=10.104).
Imierestingly, higher levels of LINLc were observed in groups
af pathogenic amd probably pathogenic varants when coms-
parexd o levels observed im carmiers of YIS variamts (p<(0.05
for both comparisons ) (Fig. 2.

Dz o the small nember of individuals carrying vari-
anis in the APOF and APQE genes. it was oot possible o
compare LDLc levels between the differenst genes. Hiwwever,
suhjects with variants in the LOLR gene had higher levels
af LD [255.5(77) meidL). when compared 1o those who
had variants in PCSKY gene [ 13000 (1) mgtdL., p=0.015].
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Discussion

The present study characterized genetically amd clinically
18 family clusters from a small region in Minas Gerais
state, southeastern from Brazil, in which individuals with
high levels of LDLc were identified, FH diagnosis was per-
fomed amd cascade screenimg applied in family members.
Considering that this is the first genetic study carried out
im this population, the characterization was proceeded by
LOLc levels, personal amd family history of cardiovascular
evenis, presence of climical signs of the disease (commeal
arch, xamthelasmas and xathomas) and FH classificaison
accarding o the criteria of DLCN, with the sequencing of
penes mast ofien associated to the disease.

Conzidering the population in which the familial
gemetic variant was identified, it was characterized by
median LI levels = 210 mg/dL regardless of mutational
status. Few individuals had a history of CYD. hyperien-
siom, presence of corneal arch amd xantbomas!xanthelas-
mas, in agreement with previous studies in the Braxilian
population |21, 22], what differs from studies carried out
in other populations, inm which the personal history of
CVD, presence of corneal arch and xanthomas were more
freqquent in the casvisty of individuals with FH |13, 23]. A
low frequency of individuals with diabetes amd smoking
was also phserved. corroborating with other sludies made
imour population |21, 2Z].

Most patients were eptrophic. what contradicts the dsta
by Ferramii et al. (2016) [24], which ohserved, in a cobori
evalmting the prevalence of FH in the UISA . that the chsxi-
fication of probahle or defimitive FH according o the DLCKN
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criteria was presented with higher frequency in obese indi-
withmls ((L58% ) than in mon-obese individuals (0.31%).

As higher levels of LD.c are related to the presence of
genetic varianis associsted with FH. i quantification is
still considered the most used parameter for FH momitor-
ing, especially in regions where the NGS technigque is naot
availahle, which is observed in a large pari of the world
population residing in developing coumtries [23, 26]. As
expecied, individuals with clinical signs of FH, character
ized by the presemce of corneal arch and xanthomalxanthe-
lasma, had higher levels of LIN.c. The LDLc conceniration
was positively correlsied with age when all mdividisals were

evalmied repardless of the presence of variants. In fact, the
increase in LIDLc leveks is expected with advancing age [27],
but the same correlation was not observed when analysis
was performed oaly in the group of genetic variants carri-
ers, which suggests that in the presence of these variants, the
increase in LD L levels oocurs even in younger individuaks
[22, 23].

In this study. the individuals were categorized acoonding
o the DLCN score, im which the LD¥NLc values, the presence
af corneal arch and xanthomas were vanables considered in
these criteria. The indication of defimitive FH suggests the
presence of penetic variants with a greater effect on LDLc
levels, with the moleculsr study being the gold standard for
the FH dizgnosis [18, U], The DLCN score increasexd pro-
gressively as the LDLe levels got higher, as expected, but
the presence of cormeal arch or xanthomas was not chserved
in imdividuals classified as possible FH, as well as being
presend in only 7% and %% in probable, and 48% and 3%% in
individuals classified as definitive FH. respectively (Fig. 1).
Allthe penetic variamis identified firstly in ICs werne in gemes
rebited o LDLc metzbolism, bot only 8 105 (44 4%) reached
a definitive score according o the DLCN criteria, the rest
heing chssifed ax FH probable or possible (55.5% ) In rela-
tives, the definitive score was observed in 13.5% and prob-
able or passible in 66.6'% of the individuals, aibough T9% of
the relatives shivaed to be carriers of genetic varianis in the
group classified as possible/probable FH. These data sugpest
that L[ levels, contrary to genetic variants, are the most
delerminamt varizble in the DLCN scone [29].

In agreement with the data in the present study, Gren-
bowilx et al. (2016) [30] wsed the DLCN criteria in a study
carried out in Germamy (o characterize FH and observed
that in the group classified ax possible FH, only 22.7% of
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imlivicsals were carriers of genetic varants, whenzas i the
group classified as defimtive. caly 77.1% had variamt iden-
tified. It suggests that the DNLCN criteria are not the best
prediciors of variants in genes that determine greater phe-
notypic effect. remforcing the need for genetic sequencing
in suspecied cases of FH. Interestingly. in the present study.
ome ndividual classified as absent FH by the DLCN scare.
was carrier of a variant knoam o be pathogemic in the LOLE
EEmE.

In another study, SBR criteria was wsed to chamcier-
ize FH in the Naorth American population [23] and it was
ohserved that 40% of imdividuals camrying varianis were
cClagsified a= defimitive and 60F% a= probable FH. In a study
comducted in Brazil by Jannes et al. (3015} [22], a total of
248 HCs were chassified by the both criteria SBR and DLCN,
s o way i assess the performance of these oriteria for diag-
nosis of FH in Brazilian population. The presesce of genetic
variants was found m 45.2% of the individuals classified as
FH definitive by the DLCN score amd 1% in individuals
clasified as defintive FH by SBE, showing the low sensitive
ity of these criteria for FH diagnosis [28). Although in the
present stidy. all imdividmals chsxified ax definitive FH by
the DLCHN score had their genetic variants identified, the dif-
feremt shadies suggest that other criteria should be validated
im arder to be more reliable to clinical characteristics and
the presence of variants that regulaie the LDLc metabolism,
even when genelic sequencing is not possihle.

YWarianis in heterozygous form were identified in four
genes invalved in LDLe metzbolism and already kmowmn i
be related to FH: LOLE, APOE, PCSKY ard APOE, with
five variants in LR gene (four mivsease and one deletion ),
ome missense variant in AME pene, one missense variamt
in MCEKY pene and ansther miszense in APOE gene. The
higher frequency of variams in LDER gene is i line with
other shadies in patiemts with FH [ 10, 23].

The most frequent variant in this studied population was
the pathopenic variznt . Asp22d Asn ) (c. 670G > A, identi-
fied in 77 individuals. This variant was reported to be the
second most commaon i patients with FH in Portugal [31]
and in other European populations with FH phenotype, such
as France, Spain and the Nethertands [32], but it had ot yet
been described in the Brarilian population. The resulting
amina ackd alieration from this variant is located in the pro-
teim ligand hinding domain, what consequently compromises
the binding of LDLE to AFOB of LI particles [33].

The pathogenic variant corresponding o the deletion of
exon 15 in LINLR pene was found in only one IC, ax @t was
not possible i collect samples from relatives, especially
parenis. for confirmation. The exon 15 emcodes a domain
that serves as an aftachment site for O-linked carbohydrate
chains [ 34]. The deletion of exom 15 has already been found
in FH patients im the Japanese population [35], but has not
yel been described in the Brazilian population.

The other variants p.(Ser&834Gly ). p(Cys3dArg) and
-l Asph0] His), found in the LIOWLR pene, were classified as
probably pathogenic by ACMG. The variant paSer854Gly )
is located om exon 18, which encodes the cytoplasmic
domain that contains the signal that clusters the recep-
tor in clathrm-coated pils. permitting it io be inlemalized
by emtdocytosis |36, 37). Rare variants ocowr in this exon
because the sequence conlzins fewer CplG dinosclendides
|38).The variamt p{Cy=3dArg)h, as well as p.iAsp22d Asn),
are located on exons that encode the ligand binding domain
{exon I and 4, respectively), which comsists of seven tamdem
repeats af a 40-amima acid, cysteine rich sequence [37]. The
- lAspSDIHis) variant is located on exon 12, which encodes
a region that shares sequence identity o the buman epider-
mal growih factor (EGF) precursor gene, region importand
for LDLR folding and its function [39). This same genetic
variznt has already been described in the Brazilian popula-
tiom [21. 22], ax well 2= im the Spanish and South African
population [40). As far as we know, the p{Cys34Arg) and
P 5er8540G]y) vamiants have not been reported i other popu-
lations and have an unknown exact functional efect.

The p.{ ArgZ37TTrp) VUS variant of the PCSKY gene was
found in ome IC, also described im a study in Noreay that
evaluies the functionality of FCEKY gene varianis in rela-
tion to the effects on LINLE recepiors on the cell surface.
Huowever, accanding (o this study, this variant was classified
2% lpss-of -fnction, leading to an increase of 16% in numbers
af LDLE on the cell surface and 35% in the internalization
af LIDL [41]. Contrary, this variant was predicied as deleteri-
ous by Provean, SIFT, Polyphen-2 amd Mutation taster sofi-
wares. Im fact, it is expected that koss-of-function variants
in the ACSKY gene lead to reduction in LDLc bevels, which
have been consistent with functional studies. However, we
fomnd it im an elevated LDLe conbext, which requires further
stuilies to elucidale the effect of mulations at this position
af PCSEY gene.

Finally. the variants in the APOE and APOE genes were
alsn classified as VUS, however there are no shudies of their
functivnal effect amd no description on other populations,
requiring further studies to confirm their importance im the
context of FH, contributing o a mare acourate diagnosis and
more personalized pathopenicity approach |42, 43].

The high frequency of the p.{Asp224 Azn) variant in
LR gene (59.2% of the individeals evaluated), also
described i Portuguese patients with FH, can be explained
by the historical features of the population on this region,
which started with the immigration of Portuguese in the
eighteenth cemury in the search for gold mining. This
population had the habit of main@ining consanguineous
marriages bt preserve heritage, which contribuied to the
perpeiuation and greater frequency of this Portugoese
ariginaed variant in the region [44]. In addition to the
founder effect probably related o the higher frequency of
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the p.(Asp224Asn) variant, other variamts related o FH
were also found in the studied populstion. This is because
the region was alse characterized by an important flow of
Black Africans during the slavery im Braril. Subsequently.
a flow of Italians in the secomd half of the nineteenth cen-
tury was ohserved, as well as the Germans in the post war,
which justify the diversity of genetic varianis related o FH
in such limited gengraphic region [44].

Considering the DLCN score and the pathogenicity
of the variants accordimg to ACMG. it was observed that
amueag individuals carrying VIUS variants, B4% were clas-
sified as possible FH and 16% as definitive FH. For the
probably pathogenic variants, B5.7% of the individuals
were classified as possible and probable FH and 14.3%
were classified as defintive FH, whereas for the patho-
gemic variamts, only 27.3% were classified as definitive
FH. Thesz results suggests that the DLCN score based
on clinical criteria may fail 1o detect individuals carrying
FH-related pathogenic varianis. In fact, shout 5% of the
individuals with FH in heterozygows form have an obyi-
ous phenotype [23, 26) and many remain underdiagnosed
until they suffer the first acute cardiovascular event [45].
Previous studies indicate that in mamy countries, ncluding
Brazil, there are less than 1% of individuals formally amd
correctly diagnosed with FH [10, 22], partly due to the
lack of low cost accessible genetic testing. On the other
hand, clinical guidelines recommemd genetic testing only
for acults with DLCN criteria > 5 (prohable and definitive
FH i, amd these goidelines must undergo timely reviews to
update the cut off after which the gemetic test is indicated
[44].

The presemce of genetic varianis was related o higher
levels of LDLe and, consenguently, to the presemce of cor.
neal arch amd xamboma‘sanibelasma [ 10, 23] However, this
increase was due o the presence of varianls clasxified as
probably pathogenic or pathogenic types, since the LDLc
levels in individuals carrying these varianls were higher
than those carrying V0US type variants (Fig. 2). It suggests
the meed of funcltional studies on these genetic variants. In
addition. im vitro or in silico studies, as well as observation
of familial co-segregation pattern, are peeded o clssify
the functiomality of the variants with conflicting pathogenic
effects [47].

The comparisen of LDLe levels between gene groups
was anly possihle between carriers of variamts in LOLR and
PCEKY penes, as the sample size of the other groups maide
statistical amalysis unfeasible. Individuals carrying LIDLE
pene varznis shewed higher LDLc bevels, the majority being
pathogenic and probably pathogenic variants, while the
PCEKY gene variant, classified as VUS [41]. had lower lev-
els of LDLec. However, this data still needs to be interpreted
with caution, since the mumber of carriers of the variant the
PCSKY gene was reduced im our study.

Early diagnosis and efective treatment of FH can mean a
recluction in coranary events and premature atherosclerotic
disease. In the evalualed population was found that among
the 19 1C. 16 (84.2%) were under hypolipidemic restment
amdd 36 (32.4%) relatives were varianl carriers and werne not
in adeguate treatment with lipid-lowering agents, which
may indicate that their dizgnosis may have been dose dur-
ing cascade recruitment and assessment. As the presence
af genetic varianis suggests the ooccurrence of FH [48]. the
seanch for affected family members (cascade soreening) [22]
is exsential in early diagnosis and treatment, which justify
the impartance of our shsdy.

This study presenis some limitations. First, it was noi pos-
sible o evaluate LDLe kevels without the use of medications
for all ICs, consequently, these levels were corrected far the
usz af those medications. Moreaver, the sample sire was
limited 2nd it is mol possihle to have a precise representation
af FH disease im a continental couniry like Brasil. Therefore,
a study with a huge number of subjects from different parts
af the coumtry will be required.

Conclusion

In the clinical amd molecular characierization of 18 fam-
ily clusters in southeastern Brazil with clinical suspicion
af FH, higher frequency of LILE variants was chserved.
Also, it was observed that the phenotypic characierization
af the individuals did nod prove o be sufficient o distmguish
between non-carriers amd carriers of gemetic variants, sug-
pesting that gemetic sequencing for FH diagmoesis is impor-
tani. In addition, the cascade assessment in family members
af the 151 amd Znd degrees of I0s made possihle o kdemify
FH patients without previous diagnosis. which would cons
tribute to reduce the morbidity and mortality due to FHL
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1. Introduction

Familial hypercholesterolemia (FH) is a monogenic disease related to the
presence of variants in genes that express proteins involved in low-density
lipoprotein (LDL) metabolism. These genetic alterations results in an increase in
LDL-cholesterol (LDLc) levels, resulting in an improved risk of developing
premature coronary atherosclerotic disease (CAD) [1,2,3]. The clinical diagnosis
of FH has been based on criteria such as the Dutch Lipid Clinic Network (DLCN)
[4], US make Early Diagnosis Prevent Early Death Program (US MEDPED) [5]
and Simon Broome Register Group [6], which the score is calculated by the
presence of family history, clinical history, presence of physical signs of the

disease and suspicious LDLc values for FH [7].

Plasma markers are useful tools in the diagnosis and prognosis of numerous
processes such as atherosclerotic disease, which, alone or in combination, may
play an important role in predicting risk and morbidity status. In addition, they can
be used to detect an earlier stage of the disease, allowing a better response to
treatment [8,9] and avoiding fatal outcomes. One of the cardiovascular markers,
GDF-15, was discovered as a protein derived from transforming growth factor
beta (TGF-). It is a protein related to inflammation and oxidative cells [10] and is
involved in cardiac hypertrophy and apoptosis [11]. GDF-15 has been shown to
be a promising biomarker, since increased values have been observed in early
subclinical disease, with prognostic utility for cardiovascular events and mortality
[12].

The oxidized lipoprotein phosphatidylserine scavenger receptor (CXCL16/SR-
PSOX) is related to atherosclerosis plaque formation and CAD development [13].
In vitro studies have suggested that this chemokine may mediate T cell adhesion
to the endothelium, driving T cell migration, stimulating cell proliferation and
inflammation in smooth muscle cells. It also acts as a scavenger receptor, being
able to mediate the uptake of atherogenic lipoproteins by macrophages and

smooth muscle cells [14].
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Fatty acid binding protein 3 (FABP3) is one of nine known cytosolic FABPs,
expressed in heart and skeletal muscle, involved in maintaining energy supply to
the heart and regulating fatty acid transport in cardiomyocytes [15,16]. Increased
levels of FABP3 have been observed in people with high cardiovascular risk who
develop structural heart disease (stage B heart failure), and may predict mortality
from cardiovascular causes in an apparently healthy general population,
suggesting that it is a promising marker for cardiovascular risk stratification
[17,18,19,20].

FABP4, also known as adipocyte FABP (A-FABP) or adipocyte P2 (aP2), is
highly expressed in adipocytes, macrophages and dendritic cells and consists of
1% of all soluble proteins in adipose tissue [21, 22]. It is mainly released during
the differentiation of monocytes into macrophages, a process where LDLox is
involved for the formation of foam cells, increasing the accumulation of
cholesterol esters and inducing an inflammatory response [23, 24]. It has been
reported that the serum level of FABP4 is associated with atherosclerosis, as

assessed by the thickness of carotid intima-media layer [25, 26].

TNFSF14 or LIGHT was identified as a new member of the TNF superfamily and
as a key regulator of fibrosis [27,28,29,30], which presents two receptors, the
herpes virus entry mediator (HVEM or TNFRSF14) and the lymphotoxin
receptor (LTBR or TNFRSF3) [30, 31]. Binding of LIGHT to LTBR expressed in
endothelial cells promotes endothelial adhesion of T cells by upregulating E-
selectin, intercellular adhesion molecule 1 (IACM-1) and vascular cell adhesion
molecule 1 (VCAM-1) [30,32,33]. LIGHT can also induce the expression of
interleukin 8 (IL-8) and chemokine ligand 12 (CXCL12) [32, 34] in these cells that
facilitate the migration of leukocytes to areas of inflammation, and indirectly
promote a conducive environment for the promotion of tissue fibrosis [29].
Studies show the involvement of LIGHT in the pathogenesis of atherosclerosis
[35,36,37].

CD-14 is a glycosylphosphatidyl-inositol (GPI)-anchored membrane glycoprotein
present in both membrane-bound (mCD-14) and soluble (sCD-14) forms. The
anchored mCD14 form is expressed on the surface of monocytes, macrophages,
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neutrophils and dendritic cells that bind to lipopolysaccharides (LPS), resulting in
an activation of several toll-like receptors 4 (TRL4), which trigger pro-
inflammatory signaling pathways [38,39]. sCD-14 is able to mediate LPS
activation of cells that do not express mCD-14, such as endothelial and smooth
muscle cells [40,41,42]. sCD-14 plays a central role in transferring LPS to the
TRL4 complex, increasing the expression of cell adhesion molecules and
procoagulant activity, which could serve as a potential triggering event for the
development of atherosclerosis and cardiovascular diseases (CVD), in addition to
increase the secretion of inflammatory cytokines with TNF, interleukin 1-B (IL1-B)
and IL -6 [38,39].

Matrix Gla protein (MGP) is a member of the vitamin K-dependent family of
proteins, expressed by vascular smooth muscle cells of the arterial media layer,
fibroblasts, chondrocytes and endothelial cells. MGP can also be expressed in a
variety of tissues, including the arterial wall, heart, lungs and kidneys [43]. MGP
is @ marker of vascular calcification, as it is a potent inhibitor of this process, and
can estimate cardiovascular risk [43,44,45]. MGP deficiency leads to massive
arterial calcification and premature death from vascular events [45,46,47]. In
several studies, its association with cardiovascular morbidity and mortality was
observed [44,47,48].

This study aimed to evaluate the new cardiovascular disease markers in patients
with FH. For this, individuals with clinical suspicious of the disease were
genetically characterized. To compose the control group, family members who
did not carry these genetic variants related to FH, but with exposure to the same
risk factors (diet and life habits), were included in order to reduce the
environmental effect on the elevation of LDLc levels. The new markers were also
evaluated according to the treatment with statins, with the purpose to understand

how statins can alter their concentration.

2. Materials and Methods

2.1  Patients and samples
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In this study, 17 index cases (IC) with FH who were included, which presented
LDLc = 210mg/dL (adults) or =2 190 mg/dL (children), attended in a primary health
care segment in the city of Bom Despacho, Minas Gerais, Brazil. The clinical
diagnosis was performed according to the criteria of Simon and Broome and
DLCN [49], considering the scores > 8 points: definitive diagnosis of FH; 6-8
points: probable FH; between 3-5 points: possible FH. Those with a score < 3
were considered absent. All 15" and 2" degree family members of these ICs
available were invited for clinical and laboratory evaluation without restriction
regarding gender, age or use of cholesterol-lowering drugs, and 120 relatives
presented themselves for participation in the study. Family members who did not
carry genetic variants were included in the study as a control group.Individuals
with liver, hematology and inflammatory disease; uncompensated diabetes
mellitus (HbA1c > 7%), obesity (body mass index - BMI > 30 Kg/m? for adults and
Z score > +2 for children), uncompensated thyroid disease, triglycerides > 400

mg/dL and HIV carriers were excluded.

Blood samples were collected from all participants after 12 hours of fasting, in a
Vacutainer® tube without anticoagulant and another with anticoagulant (EDTA)
for quantification of lipoprotein(a) and the new cardiovascular markers. To obtain
DNA, a buccal swab was collected using Oragene® OG-500 DNA Genotek from

ICs, or whole blood was collected on a Whatman® FTA® card (Sigma-Aldrich).

2.2  Ethical aspects

The present study was approved by the UFMG Research Ethics Committee
(COEP-UFMG) (Project CAAE-76387417.6.0000.5149) and by the University of
S&o Paulo Ethics Committee (CAPPesqgprotocolo100594212.0.1001.0068). The
selected participants and/or their legal representatives were informed about the
research and those who agreed signed a Free and Consent Form. The study was
conducted in accordance with the World Medical Association Declaration of

Helsinki.

2.3 Laboratory analysis
The genetic characterization of ICs was performed as described in our previous
study [50]. DNA sequencing was performed using NGS (next generation
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sequencing) technique for the following genes: LDLR, APOB, PCSK9, LDLRAP1,
LIPA, STAP1, APOE, ABCG5 and ABCGS8. ICs that did not show variants by
NGS analysis were also submitted to the MLPA (Multiplex Ligation Probe
Amplification) technique to track copy number variants (CNVs) in the LDLR gene.
The sequencing of family members, after characterizing the IC genetic variant,
was performed using the Sanger method [50].

The variants found were classified according to the guidelines of the American
College of Medical Genetics and Genomics (ACMG). The following heterozygous
genetic variants were found with their respective pathogenic potentials: 1) LDLR
gene — pathogenic variants: missense Asp224Asn in exon 4 and deletion of exon
15; probably pathogenic missense variants: Ser854Gly in exon 18, Cys34Arg in
exon 2, Asp601His in exon 12; 2) APOB gene — missense variant of unknown
clinical significance (VUS) Met499Val in exon 12; 3) APOEgene — missense VUS
Pro28Leu in exon 3 [50].

The LDLc values, obtained from the medical records, were evaluated in the
patients without treatment. However, in patients receiving lipid-lowering
treatment, baseline LDLc was estimated using conversion factors [51, 52], based
on the percentage of LDL reduction according to the therapeutic scheme used by

each patient on lipid-lowering treatment.

Quantification of Lp(a) was performed in serum using the Atellica CH® diagnostic
kit. The quantification of GDF-15, CXCL-16, FABP3, FABP4, LIGHT, sCD-14 and
ucMGP markers was performed in plasma samples collected in EDTA, using a
multiplex assay kit for Luminex (MILLIPLEX®MAP Human Cardiovascular
Disease, EMD Millipore®) and a Luminex equipment following the manufacture’s

protocol.

2.4  Statistical analysis

Statistical analyzes were performed using the R Platform version 4.2.2 program.
Qualitative variables were described as absolute and relative frequencies of their
categories, and quantitative variables as measures of central tendency (median)
and variability (interquartile range —IQ). The association between qualitative
variables was tested using the chi-square test, with Monte Carlo simulation when

necessary. Comparison of the central tendency of quantitative variables between
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groups was performed using the non-parametric Mann-Whitney or Kruskal-Wallis
tests, as none of them assumed a normal distribution (Shapiro-Wilk test). The

significance level adopted was 5%.

3. Results

The 137 individuals were classified according to the presence or absence of
genetic variants, which were identified as follows: Asp224Asn in the LDLR gene
in 70 individuals, Asp601His in the LDLR gene in 4 individuals, deletion of exon
15 in the LDLR gene in 3 individuals, Cys34Arg in the LDLR gene in 1 individual,
Ser854Gly in the LDLR gene in 2 individuals, Met499Val in the APOB gene in 3
individuals and the Pro28Leu variant in APOE gene in 3 individuals. In total, 86

individuals carried one of the identified variants.

According to the clinical criteria of DLCN, in the group of carriers of genetic
variants, 38 (44.2%) individuals were classified as definitive, 31 (36%) were
classified as probable, 15 (17.5%) were classified as possible and only two
(2.3%) were classified as absent. In the group of non-carriers, 19 (37.2%) were
classified as absent, 27 (53%) were classified as possible, four (7.9%) were

classified as probable and only 1 (1.9%) received the definitive classification.

The group of carriers of genetic variants showed higher levels of LDLc (p=0.010)
and Lp(a) (p= 0.020), in addition to a higher frequency of corneal arch (p=0.010),
xanthomas (p=0.020) and xanthelasma (p=0.030) (Table 1).Approximately, 4%
of subjects in each group experienced cardiovascular complications. There was
no difference between groups regarding age, sex, BMI, frequency of diabetes

mellitus, hypertension or smoking (p>0.05 for all).

Forty-six individuals were treated with statins alone (simvastatin, atorvastatin or
rosuvastatin). In the group of non-carriers, eight (22.2%) individuals were under
lipid-lowering treatment, six (75%) were using simvastatin and two (25%) were
using atorvastatin associated with ezetimibe. In the group carrying genetic
variants, 53 individuals were under lipid-lowering treatment with statin alone or in

combination with ezetimibe, 33 (62.2%) were using atorvastatin, 9 (17.0%) using
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rosuvastatin and 10 (20.8%) were using simvastatin. Regarding the use of
ezetimibe, 16 individuals were using this drug, two (12.5%) individuals in the

group without genetic variants and 14 (87.5%) in the group with genetic variants.

When comparing the levels of new cardiovascular disease markers between the
two groups, only FABP4 levels were significantly lower in the carrier group when

compared to the non-carrier group of genetic variants (p=0.010) (Table 2).

In order to verify whether the treatment could have influenced the results, the
groups were then classified into carriers of variants: 1) using statins and 2) not
using statins; non-carriers of variants: 3) using statins and 4) not using statins.For
FABP3, it was observed that the levels in individuals carrying variants using
statins [1.8 (1.3-14.9) pg/dL] were significantly higher compared to the group of
carriers not using statins [1.4 (0.9-1.9) pg/dL] (p=0.040). The other comparisons
were not different between the groups (p> 0.05 for all) (Figure 1).There was also
a significant difference for FABP4 levels, where individuals without genetic
variants using statins showed higher values [5.6 (1.1 — 12.0) pg/dL] than the
group with variants using these drugs [0.7 (0.2 — 1.0) pg/dL] (p=0.010). The other
comparisons showed no significant difference between groups (p>0.05 for all)
(Figure 2).1t should be noted that the group of non-carriers using statins showed
a tendency towards higher levels of FABP4 [5.6 (1.1-12.0) pg/dL] compared to
the group of non-carriers without statins [0.9 (0.6-1.7)pg/dL] (p=0.090).

A trend towards higher Lp(a) levels was also observed in the groups of
individuals not using statins, comparing carriers [25.0 (10.0-42.0)mg/dL] and non-
carriers of genetic variants [13.5(10.0-22.9) mg/dL] (p=0.080).For the other
comparisons between groups 1 to 4 involving markers GDF-15, CXCL16, LIGHT,
sCD-14 and ucMGP, no significant differences were found between groups (p>
0.05 for all).

4, Discussion

In this study, 137 individuals participated, 17 ICs and 120 relatives, who were
classified according to the presence or absence of genetic variants related to FH,
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treated or not with statins. It was observed that levels of Lp(a), and of the new
markers of cardiovascular diseases FABP3 and FABP4, can be associated with

FH, whose levels can be modulated by the use of statins.

It was shown that higher LDLc values were observed in the group of genetic
variant carriers, as expected, since the most variants were located in genes
related to the metabolism of this lipoprotein, and it also confirms the use of higher
LDLc cutoffs as a criterion associated with a higher probability of finding genetic
variants [53,54,55]. However, few individuals in both groups had a history of
cardiovascular disease, which can be explained by the fact that the groups were

composed of younger individuals - age is a risk factor for these complications.

In the group carrying genetic variants, 62.8% were under treatment with lipid-
lowering agents and 37.2% were not under treatment. The study conducted by
Jannes et al. involving populations with FH in 3 different Brazilian regions,
including the population of this study, found 36 individuals with pathogenic
genetic variants among 105 IC evaluated, from which only 24 (66.7%) used lipid-
lowering drugs [56]. In this same study, among 240 family members carrying
genetic variants, only 93 (38.8%) were under lipid-lowering treatment. This data
shows that the FH population is still underdiagnosed and, consequently,
undertreated, suggesting the need to identify laboratory markers for monitoring

these patients in order to reduce morbidity and mortality from CAD [1, 57].

Regarding Lp(a), higher levels were observed in the group carrying genetic
variants compared to the group without variants, suggesting that Lp(a) is a
suggestive marker of individuals with suspected FH and carriers of genetic
variants associated with the disease. The results also indicate an effect in the
reduction of Lp(a) levels with the use of statins, since the tendency to higher
levels was only observed in carriers of genetic variants that do not use statins. In
a prospective cohort study with 46,200 healthy individuals aged between 20-100
years, in which all those with elevated Lp(a) were submitted to genotyping in the
most common genes for FH (LDLR, APOB and PCSKJ9), it was observed that
Lp(a) was elevated in 25-30% of individuals who carry genetic variants for FH.
However, Lp(a) was also elevated in some individuals who did not carry the
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studied genetic variants, suggesting the presence of possible variants in the LPA
gene, which could contribute to a form of clinical familial hypercholesterolemia
[58]. In fact, one of the limitations of our study is that the LPA gene was not
sequenced; however, our results suggest that Lp(a) is a CAD marker associated
with variants in other genes linked to FH, and that the use of statins can reduce

Lp(a) levels regardless of the carrying status of these variants.

The marker FABP4, also known as adipocyte FABP (A-FABP or aP2), is
released during the differentiation of monocytes into macrophages in the process
of foam cell formation, also functioning as an adipokine [23,24]. A study was
conducted to assess the serum level of this marker in the atherosclerotic disease
and it was observed that the increase was significantly associated with a greater
burden of coronary plaque, showing that the serum dosage of FABP4 could be
used to assess the extent of coronary atherosclerosis [59]. Other studies were
conducted to evaluate FABP4 and its relationship with atherosclerotic plaque
instability and the results indicated that FABP4 is a factor that connects vascular
and cellular lipid accumulation to inflammation [60, 61]. FABP4 was also
evaluated as a marker for coronary artery disease, showing that it may be useful
for prognosis in the risk stratification of patients with acute coronary syndrome
(ACS) [62], including predicting new cerebrovascular and secondary
cardiovascular events 30 days after the infarction. Another study also showed an
increase in levels in patients with acute myocardial infarction with ST-segment
elevation (STEMI) when compared to controls, with prognostic performance
similar to the risk score of the Global Registry of Acute Coronary Events
(GRACE) or N-terminal brain natriuretic peptide (NT-ProBNP) [63].

In the present study, we observed that FABP4 levels were higher in non-carriers
of genetic variants compared to carriers, even when both groups were using
statins. To our knowledge, no other study has been performed quantifying
FABP4 in genetically characterized individuals with FH. One hypothesis to
explain our findings is the fact that 93% of carrier individuals had variants in the
LDLR gene. Thus, structural changes in LDLR could affect LDL oxidation and, in
turn, reduce FABP4 expression by macrophages that differentiate into foam cells
during the atherosclerotic process [64]. Zhou et al. observed that LDLR is critical
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in the regulation of cholesterol efflux and ABCA1 expression in macrophages,
since the loss of LDLR function alters this expression by sterol regulatory
element-binding protein 1 (SREBP 1)-dependent under hypercholesterolemic
conditions [65]. Thus, FABP4 expression by macrophages could follow the same

LDLR-dependent mechanism.

Studies have shown that statins, mainly atorvastatin, reduce FABP4 expression
induced by LDL oxidation in macrophages [66, 67, 68]. However, in a study that
evaluated FABP4 in women with polycystic ovary syndrome who received
treatment with simvastatin, with or without metformin, no changes in FABP4
levels were observed [69]. In our study, non-carrier individuals of variants
showed a tendency to higher levels of FABP4 when they were using statins. In
agreement with our study, Rhee et al., analyzing individuals with a tendency to
CAD, also observed that FABP4 levels showed increased values in individuals
who were using statins and antihypertensive drugs [70], although the mechanism

is still unknown.

FABP3 is a marker related to cardiac muscle and skeletal muscle injury [16].
Although FABP3 levels have not been related to variables such as smoking,
diabetes mellitus and dyslipidemia, its presence was increased in the content of
atherosclerotic plaque [71]. In our study, FABP3 levels did not differ between the
non-carrier and variant carrier groups, however, in the latter group, higher values
were observed in statins users. It is important to emphasize that 61.6% of these
patients carrying the variants were using therapeutic regimens with high-potency
statins, mainly atorvastatin. Khodabukus et al. analyzed FABP3 levels relating
skeletal muscle toxicity with the use of statins (cerivastatin) in animal models for
skeletal muscle injury [72]. The authors observed an increase in FABP3 with loss
of myobundle contractile function and statin-dependent myotube atrophy. These
results corroborate our findings, suggesting that the increase in FABP3 may be
an adverse effect of statin use.

GDF-15, CXCL16, LIGHT, sCD14 and ucMGP levels showed no difference
between carrier and non-carrier groups. The presence of comorbidities, such as
diabetes mellitus and hypertension; smoking; sex; and BMI may be confounding
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events for these results, although these variables were paired between groups. In
addition, the groups were formed by young individuals, with a low frequency of
cardiovascular events. Thus, these markers should not be indicated for the early
diagnosis of CVD in FH young individuals. Other studies with older populations
are needed to verify the accuracy of these markers in diagnosing CVD in

individuals with greater probabilitytopresent atheromatous plaque.

Some limitations should be mentioned in this study, such as the limited sample
size, especially the analysis of statin use in individuals who do not carry genetic
variants. Prospective studies should be conducted in order to evaluate the

application of these markers along the complications caused by FH.

5. Conclusion

The FABP4 and Lp(a) markers proved to be useful in distinguishing between
carriers and non-carriers of genetic variants related to FH. As the presence of
these variants predisposes to the development of CAD in these patients, FABP4
and Lp(a) can potentially be used as markers to assess cardiovascular outcomes

in individuals with suspected FH.
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Table 1 — Clinical and demographic characterization of carrier and non-carrier

groups of genetic variants related to Familial Hypercholesterolemia.
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Variables Non-carriers Carriers
(n=51) (n= 86) P
value
LDLc (mg/dL) 118 (96-145) 253 (214-312) 0.010*
Lp(a) (mg/dL) 13.4 (10-22.9) 23.5(10.0-50.2) 0.020 *
Age (years) 29 (14-56) 39 (24-53) 0.340
Gender (%)
Male 17 (33.3%) 34 (39.5%) 0.580
Female 34 (66.7%) 52 (60.5%)
BMI (Kg/m?) 22.9 (18.6-26.1) 23.3 (20.1- 26.5) 0.200
Cornealarch (%) 1(2%) 15 (17.5%) 0.010*
Xanthomas (%) 0 (0%) 10 (11.6%) 0.020*
Xanthelasma (%) 0 (0%) 9 (10.5%) 0.030*
CVD familyhistory (%) 30 (58.8%) 56 (65.2%) 0.470
CVD personalhistory (%) 2 (4%) 4 (4.6%) 1.000
Diabetes mellitus (%) 5 (9.8%) 3 (3.5%) 0.150
Systemic arterial 14 (27.5%) 19 (22.1%) 0.540
hipertension (%)
Smoking
Non-smokers 43 (84.4%) 75 (87.2%)
Ex-smokers# 4 (7.8%) 5 (5.8%) 0.920
Smokers 4 (7.8%) 6 (7.0%)

Continuous variables expressed as median (interquartile range), categorical

variables expressed as absolute numbers (frequency). BMI=Body Mass Index;
CVD= cardiovascular disease. * Significant p<0.05. # up to 1 year before

collection.
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Table 2 — Evaluation of levels of new cardiovascular disease markers comparing

carrier and non-carrier

Hypercholesterolemia.

groups of genetic variants

related to Familial

Marker Non-carriers Carriers
(n=51) (n=86) P value

GDF-15 (ng/dL) 1.4 (0.9-2.0) 1.5 (1.3-4.0) 0.300
CXCL16 (pg/dL) 1.7 (1.3-2.5) 1.7(1.4-27) 0.310
FABP3 (pg/dL) 1.6 (1.2-13.8) 1.6 (1.1-12.4) 0.530
FABP4 (pg/dL) 1.0 (0.6 - 1.7) 0.7 (0.1 -1.1) 0.010*
LIGHT (pg/dL) 0.1 (0.1-0.6) 0.1(0.1-0.6) 0.570
sCD14 (ng/dL) 6.079 (5.281-8.414) 5.885 (5.029- 7.347) 0.270
ucMGP (ng/dL) 16 (13.7- 19.4) 16.5 (14.2 - 19.0) 0.930

Variables expressed as median (interquartile range). * Significant p<0.05
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Figure 1- FAPB3 levels in FH genetic variants carriers and non-carriers,
classified according to statin treatment.
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Figure 2 - FAPB4 levels in FH genetic variants carriers and non-carriers,
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Abstract

Familial hypercholesterolemia (FH) is an autosomal dominant genetic disease
characterized by elevated levels of LDL-c. The detection of genetic variants in
genes related to LDL metabolism can provide an early diagnosis to reduce
unfavorable atherosclerotic outcomes in this population. Microparticles (MPs) are
extracellular vesicles released by the membrane of various cell types during the
process of cell activation or apoptosis and are important messengers in
intercellular communication. This study aimed to evaluate MPs in a group of
carriers of FH-related genetic variants compared to family members without FH,
and the influence of statin treatment on MP counts. Annexin-positive total- MPs,
cardiomyocyte-derived MPs (CardioMPs), endothelial cell (EMPs), platelet-
derived MPs (PMPs) and tissue factor expressing MPs (TFMPs) were evaluated
comparing individuals with FH and genetic variants (n=16) and without FH and
without genetic variants (n=16), using or not using statins. Higher counts of total-
MPs, CardioMPs, EMPs and TFMPs were observed in the group carrying genetic
variants. Furthermore, patients with FH without the use of statins had higher
counts of these same MPs compared to the non-FH group without the use of
statins. In conclusion, the data suggests that MPs are related to FH and that
statins can modulate the activation or injury of the cells of origin of these MPs.

Keywords:  Familial  hypercholesterolemia, genetic variants, statins,

microparticles.
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1 -Introduction

Familial hypercholesterolemia (FH) is an autosomal dominant genetic disease
characterized by the presence of variants in genes related to the metabolism of
low-density lipoprotein cholesterol (LDLc). Chronic elevation of LDLc predisposes
to the risk of prematurely developing cardiovascular diseases (Nordestgaard et
al., 2013; Silva et al., 2016; Scicali et al., 2018). FH can be caused by variants
located mainly in the low-density lipoprotein receptor (LDLR), apolipoprotein B
(APOB) and proprotein convertase subtilisin/kexin type 9 (PCSK9) genes, with
more than 2,900 genetic alterations associated to the disease (lacocca et al.,
2018). FH can presents multiple phenotypes due to different molecular etiologies
and additional genetic factors (Sturm et al., 2018), but the risk of coronary artery

disease (CAD) is higher in carriers of pathogenic variants (Khera et al., 2016).

The pathophysiology of atherosclerosis begins with endothelial injury, mediated
by cascade of intra and intercellular signaling events that shape cellular behavior
within vessels (Da Luz et al., 2018). Vascular endothelial cells facilitate the active
transport of low-density lipoprotein (LDL) to the subendothelial space through
transcytosis pathways, and the accumulation of LDL initiates an inflammatory
response (Mundi et al., 2018), a process that occurs intensely in FH. Early in the
atherosclerosis process, the endothelium transitions from a quiescent state to an
activated state in response to proatherogenic stimuli, including oxidized LDL
(LDLox) and proinflammatory cytokines (Ricard et al., 2021). The complication
resulting from this process is mainly acute coronary syndrome (ACS), observed
more frequently in patients with FH, including young people (Cahill and
Redmond, 2016; Da Luz et al., 2018). Thus, plasmatic markers related to the
atherosclerotic process, endothelial injury, as well as cardiac dysfunctions, such
as intercellular adhesion molecule (ICAM-1), vascular cell adhesion molecules
(VCAM-1), platelet selection (P-selectin) and endothelial cell selectin (E-selectin)
(Motta et al., 2013)and that can early identify these outcomes in patients with FH,

are highly desirable.
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Microparticles (MPs) are extracellular vesicles (0.1 — 1.0 um in diameter) that
slough off from cell membranes in response to activation or apoptosis. The initial
step of its formation consists in membrane remodeling with bubble formation and
an increase in intracellular calcium, resulting rearrangement in the phospholipid
layer and exposure of phosphatidylserine. Concomitantly with loss of membrane
asymmetry, calcium-sensitive enzymes are activated and promote the cleavage
of cytoskeletal filaments, leading to the formation of membrane bubblesand
release of MPs (Marques et al., 2012; Carvalho et al., 2017). MPs come from
various cell types and can be released under the influence of cytokynes,
thrombin, endotoxins or physical stimuli, as wellas shear stress or hypoxia
(Nomura et al., 2008; Rodrigues et al., 2018). Moreover, MPs and carry markers

on its surface that make it possible to identify the cell of origin.

This study aims to evaluate the total MPs, MPs from cardimyocytes, endothelium,
platelets and MPs that express tissue factor (TF) in individuals carrying FH-
related genetic variants, compared to the control group of non-carriers.
Futhermore, the effect of treatment with statins on the count of MPs released in

both groups was investigated.

2 — Materials and Methods

2.1- Characterization of individuals

In this study, 32 individuals were included, 16 cases with FH and 16 controls,
assisted by the ltinerant Hipercol Brazil program of Instituto do Coracéo (InCor)-
Brazil (Jannes et al., 2022). This program aims to investigate the presence of
genetic variants in populations with high prevalence of dyslipidemia, according to
information collected by local medical assistance, with an active search for index
cases (IC) based on medical records and cholesterol tests carried out in
laboratories of clinical analysis of the local health units.

Individuals in the case group were diagnosed according to the clinical criteria of
the Dutch Lipid Clinic Network (DLCN) (Williams et al., 1993), considering LDLc
levels = 210 mg/dL in adults (= 18 years) and = 190 mg/dL in children (< 18
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years). First and 2 degree relatives without genetics variants in the genes
evaluated, with the same lifestyle and diet were included as controls (Figure 1).
Individuals with hepatic or hematological diseases, descompensated diabetes
mellitus (HbA1c >7,0%), obesity (BMI > 30 Kg/m? for adults and BMI Zscore> +2
for children), inflammatory and thyroid diseases, triglycerides > 400 mg/dL and

HIV carriers were excluded in both groups.

The genetic characterization of both groups was performed as described in our
previous study (Silvino et al., 2020), with the sequencing of LDLR, APOB,
PCSK9, LDLRAP1, LIPA, STAP1, APOE, ABCG5 and ABCG8 genes by next
generation sequencing (NGS) in ICs. Individuals who did not show variants by
NGS analysis were also submitted to the MLPA (Multiplex Ligation Probe
Amplification) technique to track copy number variants (CNVs) in the LDLR gene.
DNA sequencing of family members was performed using the Sanger method
after characterizing the patient’s genetic variant. Thus, in the present study, those
carrying genetic variants in at least one of the investigated genes were

considered to have FH, and also they were included in the case-group.

Subjects were then classified according to statin use. In the group of patients
carriers genetic variants (n=16), 13 were using statins (Simvastatin, Atorvastatin
or Rosuvastatin), while in the group of patients non-carriers genetic variants

(n=16), only 3 were using statins (Simvastatin and Atorvastatin).
2.2 Ethical aspects

The present study was approved by the Research Ethics Committee of the
UFMG (COEP-UFMG) (Project CAAE-76387417.6.0000.5149) and by the Ethics
Committee of the University of Sao Paulo
(CAAPesqprotocolo100594212.0.1001.0068) and selected participants and/or
their legal representatives were informed about the research and those who

agreed signed a Free and Informed Consent Form.

2.3 Quantification of microparticles
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MPs analysis in plasma was performed by flow cytometry as previously
described (Campos et al., 2010). The antibodies and fluorochromes used in this
panel were: CD51/61-FITC (endothelial cells - EMP), CD142-PE (MPs
expressing tissue factor - TFMP), CD41a-PE-Cy7 (platelets - PMP) and anti-
caveolin3-AlexaFluor 647 (cardiomyocytes - CardioMP). AnnexinV-eFluor450
was used to identify phosphatidylserine (PS) in total-MPs. All antibodies-
fluorochromes were from Thermo Fisher Scientific® (San Diego, USA). The MPs

were assessed in CytoflexS® (Beckman Coulter Inc, Brea, USA).

Firstly, the platelet-poor plasma (PPP) samples were thawed at 37°C and
centrifuged at 13,000xg for 3 min. The supernatant of the platelet-free plasma
(PFP) was aspirated and diluted 1:3 in citrate phosphate buffered saline (PBS)
containing heparin. The diluted sample was centrifuged at 15,000xg for 90 min at
15°C. The MPs pellet was then resuspended in 10x annexin V binding buffer
Thermo Fisher Scientific® (San Diego, USA).

The number of MPs/uL of plasma was calculated as:
MPs/uL = (N x 400)/(60 x 100), in which N is the number of events, 400 is the
total volume of the tube before analysis, 60 is the sample volume analyzed, and
100 is the original volume of MPs suspension used to perform the phenotyping
protocol. The cytometer was programmed to operate at a high flow rate setting
for 60 seconds for each sample (50.000 events, each). Calibration microbeads
(The Flow Cytometry Submicron Particle Size Reference Kit, by Thermo Fisher
Scientific®), ranging in diameter from 0.02 ym to 2.0 ym, were used to identify
MPs according to their sizes.Analysis was performed using the FlowJo® software
(Tree Star).

2.4 LDLc and Lipoprotein(a) quantification

The LDLc values, obtained from medical records, were evaluated in the patients’
baseline conditions, that is, without treatment. However, in patients receiving
lipid-lowering treatment, baseline LDLc was estimated using conversion factors
reported in the literature according to Foody et al. (2013) and Ballantyne et al.
(2014).


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sequest
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The quantification of Lp(a) was carried out in serum using the Atellica CH®
diagnostic kit whose analytical principle is the turbidimetry method, using the

Atellica Siemens Healthineers® analyzer.

2.5 Statistical analysis

Statistical analysis was performed using the R Platform version 4.2.2 program.
Qualitative variables were described as absolute and relative frequencies of their
categories, and quantitative variables through measures of central tendency
(median and interquartile range — IQ, or mean + standard deviation). The
normality test applied was the Shapiro-Wilk. The association between qualitative
variables was tested using the chi-square test, with p-value calculation via Monte
Carlo simulation when necessary. Comparison of the central tendency of
quantitative variables between groups was performed using the Student T-test or
Mann-Whitney test for two groups, Kruskal-Wallis for three or more groups.
Correlation analysis was performed using Spearman test. The significance level

adopted was 5%.

3 Results

The case group consisted of 14 individuals with genetic variants in the LDLR
gene (13 carrying Asp224Asn variant, included 1 IC and 1 IC carrying Cys34Arg
variant) plus 2 individuals with genetic variant in the APOE gene (both carrying
Pro28Leu variant, included 1 IC). The other 16 relatives were not carriers of
these genetic variants and were classified as control group. There was no
significant difference between groups regarding age, Lp(a) levels, sex, frequency
of diabetes mellitus, hypertension, presence of corneal arch, xanthoma or
xanthelasma, history of cardiovascular disease and smoking (p> 0.05 for all).
However, body mass index (BMI) was higher in the group carrying genetic
variants, as well as LDLc levels, as expected, since it is a diagnostic criteria for
FH (p=0.025 and p < 0.001, respectively). Clinical and demographic

characterization of case-group and control-group are summarized in Table 1.
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Patients with FH who carry genetic variants had higher counts of annexin-positive
total-MPs (p=0.040), Cardio-MPs (p=0.010), EMPs (p=0.010) and TFMPs
(p=0.010), compared to the group of family members without FH and non-
carriers. No significant difference was observed between the groups regarding
PMPs count (p=0.060) (Table 2).

A significant and positive correlation was observed between LDLc levels and
total-MPs count (p=0.500, p=0.004), Cardio-MPs (p=0.509, p=0.030), EMPs
(p=0.618, p<0.001) and TFMPs (p=0.623, p<0.001). No correlation was observed
with the PMPs count (p= -0.326, p=0.068). Interestingly, the total-MPs count also
showed a significant correlation with Lp(a) levels (p= 0.360, p=0.043). As BMI,
aninterfering covariate, was higher in the group with FH, the correlation with the
MPs count was verified and a correlation was observed only between BMI and
Cardio-MPs (p= 0.352, p=0.048).

For total-MPs, higher counts were observed in the group of individuals with FH
who were not using statins compared to individuals without FH and not using
these drugs [15,182 (12,374 -17,516) MPs/uL and 8,553 (6,641-11,188) MPs/L,
respectively, p=0.020] (Figure 2a).

Likewise, higher Cardio-MPs and TFMPs counts were observed in the group of
individuals with FH when compared to the group of individuals without FH, both
not using statins [Cardio-MPs 9,726 (7,884-11,675) MPs/uL and 3,494 (2,799-
5,832) MPs/uL, respectively, p=0.020] (Figure 2b); [TFMPs 4,736 (4,072-5,305)
MPs/uL and 1,977 (1,554 — 3,117) MPs/uL, respectively, p=0.020] (Figure 2c).

The same pattern was observed for EMPs, in which individuals with FH had
higher EMPs counts than individuals without FH, both groups notusing statins
[9,244 (7,932-10,118) MPs/uL and 1,326 (1,034-2,420)MPs/uL, respectively,
p<0.001] (Figure 2d). In addition, a significant difference (p=0.010) was also
observed in the group of carriers of variants with FH, in which individuals who
were not using statins showed higher counts of EMPs than individuals who were
using this drug [9,244 (7,932-10,118) MPs/uL and 3,531 (2,408-3,766)MPs/pL,
respectively] (Figure 2d). PMPs showed no significant difference between
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carriers of genetic variants with FH and non-carriers due to the use of statins

(p>0.050 for all comparisons — data not shown).
4 Discussion

In this study, 32 individuals were evaluated, of which 16 were carriers of genetic
variants related to FH, and 16 were 15" and 2™ degree family members who were
not carriers of the variants found in family clusters. A higher count of total-MPs,
Cardio-MPs, EMPs and TFMPs was observed in the group with FH compared to
the group without FH. In addition, for these same MPs, a higher count was
observed among individuals with FH without the use of statins, which suggests
that these drugs may have a regulatory role in the release of MPs, either by a
direct action in reducing cell activation or injury that gave rise to the evaluated
MPs, or by reducing LDLc levels. In fact, MPs showed a positive correlation with
LDLc levels, FH diagnostic criteria and risk markers for coronary artery disease,
in agreement with our previous study (Carvalho et al., 2017). It is also important
to emphasize the correlation of total-MPs with Lp(a), a marker currently related to
FH (lzar et al, 2021).

Chen et al. (2020) analyzed the role of total-MPs in the atherosclerotic process
and suggested that they may induce endothelial dysfunction, vascular
inflammation, coagulation, thrombosis, and calcification through their protein
components and non-coding RNAs that may promote atherosclerosis. MPs may
represent important pathways of intercellular communication and act as
messengers, accelerating the atherosclerosis process, and may become
diagnostic biomarkers in the approach to atherosclerotic disease (Chen et al.,
2020).

In another study, the impact of atherogeniclipoproteins on the production of MPs
and their contents of microRNAs that produce protective factors, derived from
human coronary artery smooth muscle cells, was evaluated (Gonzalo-Calvo et
al., 2017). Individuals with FH who had not been treated with lipid-lowering drugs
were evaluated, compared with normocholesterolemic individuals. The groups

were paired based on the following criteria: age, sex and cardiovascular risk
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factors (hypertension, diabetes, smoking, obesity, protein C reactive, Lp(a),
family and personal history of CVD, HDLc, triglycerides). After quantitative
analysis of circulating MPs derived from smooth muscle cells and their microRNA
contents, a higher count of MPs with reduced microRNA within them was
demonstrated in patients with FH than in control individuals (Gonzalo-Calvo et
al., 2017). The findings of this study corroborate our results, which showed higher
counts of total-MPs and MPs related to cardiovascular disease in patients with
FH.

When the MPs were characterized according to cell origin, we observed that
Cardio-MPs were significantly increased in FH group compared to non-FH. As far
as we know, this is the first study that evaluates the relationship between Cardio-
MPs and FH. Although cardiomyocytes are not considered as typical secretory
cells, MPs can be released due to cellular activation, hypoxia, apoptosis, injury
and inflammation, conditions that co-occur with coronary artery disease that
presents early in individuals with FH (Chistiakov et al., 2016).It is known that
cardiac cell dysregulation can be both a signal and a propagation mechanism of
heart disease, requiring a better understanding of the role of MPs from
cardiomyocytes in the development of FH (Wagner and Radisic, 2021). As the
Cardio-MPs count was correlated with the BMI, which was higher in the FH
group, further studies are needed in order to demonstrate dependence between

these variables.

EMPs counts were higher in the group of individuals with FH compared to
individuals without FH. In addition, in individuals with FH, the count was higher in
non-users of statins when compared to those with FH and using statins,
corroborating the hypothesis that statins reduce endothelial damage and,
consequently, the release of EMPs. MPs originating from endothelial cells are
suggestive of vascular pathologies (Curtis et al, 2013), being one of the cellular
responses to an activated, compromised and damaged endothelium, placing
EMPs as an early marker of vascular dysfunction in ACS, atherosclerosis, stroke
(CVA), hypercholesterolemia, metabolic syndrome, obesity, diabetes, peripheral
arterial disease (PAD), hypertension and heart failure. Therefore, EMPs are a
predictive marker of vascular health (Curtis et al., 2013). Studies have shown a
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significant elevation of circulating EMPs in association with coronary artery
disease, suggesting that this elevation is not only related to coronary endothelial
dysfunction, but is also associated with an increased risk of major cardiovascular
events (Bernal-Mizrachi et al., 2004; Werner et al., 2006; Sinning et al., 2011;
Finn et al., 2013; Schiro et al., 2014).

In a controlled study by Camargo et al. (2014), evaluating the effect of
simvastatin associated with ezetimibe on MPs, no change was observed in
platelet aggregation and in the amount of endothelial and circulating platelet
MPs, concluding that cardiovascular protection after therapy with
simvastatin/ezetimibe seems restricted to lipid changes and function
improvement , not directly affecting the release of MPs, endothelial progenitor
cell flow or decrease in platelet aggregation (Camargo et al.,, 2014).0On the
contrary, in another study, the evaluation of MPs carrying cellular markers of
vascular and circulating cellular origin (platelets, endothelial cells, pan-leukocytes
and their specific subsets) were significantly lower in the blood of
hypercholesterolemic patients on lipid-lowering therapy with statins compared to
hypercholesterolemic patients without treatment, in addition to a reduction in
platelets, activated inflammatory cells and tissue factor (Suades et al., 2013),
corroborating our findings. Furthermore, it was argued that the effect of lipid-
lowering therapy on MPs clearance was cumulative over years and that patients
on statin treatment had significantly lower numbers of MPs carrying activated cell
markers, indicating that statins protect against cell activation vascular disorders
(Suades et al., 2013). Another study, comparing two groups, one using
atorvastatin 10 mg and the other using a 40 mg dose, showed that the group
using 40 mg had a reduction in circulating EMPs and an increase in circulating
endothelial cell progenitor cells in patients with ischemic cardiomyopathy,
compared with the group using 10 mg. The effect was independent of the
decrease in lipids, LDLox and ultrasensitive C-reactive protein (usCRP) (Huang
et al., 2012).

In the analysis of MPs that express tissue factor (TFMPs), higher values were
observed in individuals with FH who carry genetic variants. Tissue factor is highly
expressed in atherosclerotic plaque and is upregulated by LDLox (Matsumoto et
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al., 2004). Analyzing TFMPs in relation to lipid-lowering treatment with statins, a
study was carried out to assess whether simvastatin would be able to inhibit
tissue factor production in monocytes from hypercholesterolemic mice and
monkeys, considering that hypercholesterolemia can produce a procoagulant
state (Owens Il et al., 2012). It has been hypothesized that hypercholesterolemia
leads to elevated plasma LDLox levels and that this induces tissue factor
expression in monocytes. Simvastatin treatment in hypercholesterolemic mice
and monkeys reduced LDLox, and consequently, decreased monocyte tissue
factor expression and TFMPs activity, reducing the prothrombotic state
associated with hypercholesterolemia (Owens Il et al., 2012). Other studies also
obtained the same findings with the use of high-potency statins or in association
with ezetimibe (Nomura et al., 2004; Montoro-Garcia et al., 2011; Huang et al.,
2012; Suades et al., 2013).

In the evaluation of PMPs, no significant difference was observed comparing the
groups regarding the presence of FH/genetic variants or the use of statins. The
same finding was reported by Camargo et al. (2014) analyzing the effects of
simvastatin/ezetimibe on MPs and platelet aggregation (Camargo et al., 2014).
Considering that platelets play a central role in primary hemostasis due to
aggregation, and secondary hemostasis because they exhibit procoagulant
properties (Zhou et al., 2014; Varon and Shai, 2015), the data shows that
individuals with FH in our study are young (mean aged 43,6 years) and probably
they do not still show thrombus formation in atheromatous plaques in formation
and hemostatic complications, conditions observed in more advanced processes.
This study has some limitations, mainly the limited sample size with regard to the
number of individuals carrying genetic variants who were not using statins. In
addition, genetic variants in other uninvestigated genes related to LDL
metabolism may be present in family members classified as non-FH. Thus,
further studies should be conducted to evaluate the application of these markers
in the evolution of atherosclerotic disease in individuals with FH.

5 Conclusion
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MPs could be potential markers in the monitoring of atherosclerotic disease in
individuals with FH. In addition, treatment with statins can reduce the amount of
total-MPs, as well as Cardio-MPs, TFMPs and EMPs, potentially resulting in
reduced activation of the cells of origin, and consequently, a decrease in the risk

of cardiovascular diseases.
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Table 1 — Clinical and demographic characterization of carrier and non-carrier

groups of genetic variants related to Familial Hypercholesterolemia.

Variables Non-carriers Carriers P
(n=16) (n=16) value
Asp224Asn(n= 13)
GeneticVariants Cys34 Arg (n=1)
Pro28Leu (n=2)

LDLc (mg/dL) 139.1+ 36.5 294.8+81.7 <0.001*
Lp(a) (mg/dL) 13.4 (10.0-22.10) 19.8 (10.0-48.2) 0.216
Age (years) 31.9+21.7 43.6 +12.2 0.064
Gender (%)

Male 20 23,5 0.810

Female 80 76.5
BMI (Kg/m?) 21.745.5 26.31+5.2 0.025*
Corneal arch (%) 0 12 0.486
Xanthomas/  Xanthelasma 0 23 0.104
(%)
CVD history (%) 6.7 5.9 0.927
Diabetes mellitus (%) 0 0 1.000
Hipertension (%) 13.3 23.5 0.659
Smoking (%)
Non-smokers 100 88.2
Ex-smokers® 0 5.9 0.390
Smokers 0 5.9

Continuous variables expressed as median (interquartile range - 25th-75th) or
mean + standard deviation, categorical variables expressed as frequency. Data
not normally distributed were compared by Mann—Whitney U test. Data normally
distributed were compared by Student T-test. BMI=Body Mass Index; CVD=
cardiovascular disease. * Significant p<0.05. # up to 1 year before collection.
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Table 2 — Microparticles (MPs) count between carrier and non-carrier groups of

genetic variants related to Familial Hypercholesterolemia.

MPs/ pL Non-carriers Carriers P value
(n=16) (n=16)
Total-MPs 8386 (6600-8386) 10966 (8713-17121) | 0.040*
CardioMPs 3922 (2861-5425) 7496 (5450-11439) 0.010*
EMPs 1904 (1138- 2927) 3682 (2441 -5927) 0.010*
TFMPs 1982 (1673-2933) 3908 (2882 -5724) 0.010*
PMPs
2279 (1408-4220) 0.060

1200 (635-1708)

MPs: micropatrticles; Total-MPs: MPs marked with AnnexinV-eFluor450; CardioMPs:
MPs derived from cardiomyocytes; EMPs: MPs derived from endothelial cells; TFMPs:
MPs that express tissue factor in surface; PMPs: MPs derived from platelets. Data not
normally distributed were expressed as median (25th-75th) and compared by Mann—
Whitney U test.*Significant p < 0.05
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Figure 1 — Flowchart of selection the participants

From the ltinerant Hipercol Brazil program, 3 ICs were selected based on Dutch
criteria and were sequenced in 9 genes related to FH by NGS or MLPA. After the
genetic variant detected in ICs (Asp224Asn and Cys34Arg in LDLR gene,
Pro28Leu in APOE gene), 1%'and 2" degree relatives were included, in a total 29
individuals were sequenced by the Sanger technique to search the variant
detected in ICs. 13 individuals carrying the genetic variants (12 in LDLR gene
Asp224Asn and 1 in APOE gene Pro28Leu) and 3 IC formed the case group and

16 individuals not carrying the genetic variants formed the control group.
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Figure 2a — Total-MPs analyses comparing carriers and non-carriers related the
use of statins.
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Figure 2b — Cardio-MPs analyses comparing carriers and non-carriers related

the use

of statins
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Figure 2c — TFMPs analyses comparing carriers and non-carriers related the use

of statins
Figure 2c
Yes -
LEGEND
-
.g - Carriers without statin (n=4)
= . ; .
g - Carriers with statin (n=13)
.% * Non-carriers without statin (n=12)
qc) E Non-carriers with statin (n=3)
o
No

L

2500 5000 7500
TFMPs

Figure 2d — EMPs analyses comparing carriers and non-carriers related the use
of statins
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8 CONSIDERAGOES FINAIS

Esse estudo tem como originalidade a avaliagdo de novos marcadores de risco
cardiovascular em individuos portadores de HF, os quais ainda nao sao
aplicados na pratica clinica de rotina, mas que mostraram ser potenciais no
acompanhamento na evolugcdo da doenga aterosclerética, condigdo esta comum
e precoce em pacientes com HF devido a exposicdo de altos niveis da

lipoproteina de baixa densidade desde a infancia.

Dessa forma, destacam-se os seguintes resultados do presente estudo:

e Aregido de Bom Despacho-MG tem uma alta prevaléncia de HF, servindo
como alerta a vigilancia de saude em relagdo a incidéncia de desfechos
por doencgas cardiovasculares nessa populagao

e Niveis muito elevados de LDLc e Lp(a) podem ser indicios da presenca
de variantes genéticas relacionadas a hipercolesterolemia familiar

e FABP4 e Lp(a) mostraram-se uteis na distingdo entre carreadores e nao-
carreadores de variantes genéticas relacionadas a HF.

e FABP3 nao foi capaz de diferenciar individuos carreadores dos nao-
carreadores de variantes genéticas, mas niveis aumentados foram
constatados em usuarios de estatinas, requerendo maiores estudos para
esclarecimento dessa relacao

e Microparticulas originarias de cardiomidcitos, células endoteliais e que
expressam fator tissular mostraram-se mais elevadas em individuos
carreadores de variantes e que nao estavam em tratamento com estatinas
em comparagao aos hao-carreadores que nao estavam em uso de

estatinas

A avaliacao dos marcadores de risco cardiovascular GDF-15, CXCL16, FABP4,
FAP3, LIGHT, sCD14, ucMGP foi motivada pelo fato de existirem poucos
estudos a respeito destes marcadores até o presente momento, mas representa
uma etapa preliminar para que novos estudos sejam conduzidos para

confirmagao dos nossos resultados.
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Devido ao risco da doenga aterosclerdtica se desenvolver de forma precoce na
hipercolesterolemia familiar, constatacoes sobre a relagao dos critérios clinicos e
bioquimicos em relagdo ao encontro de variantes genéticas aumentando a
acuracia no diagnéstico precoce, bem como o rastreamento familiar, tornam-se
cada vez mais desejavel na redugado de desfechos cardiovasculares em certas

populagdes.

O tratamento com estatinas e seus efeitos pleiotropicos como redugdo da
inflamacéo, trombose e disfuncédo endotelial ficaram evidenciados pela avaliagédo
das MPs oriundas de cardiomidcitos, células endoteliais e expressao de fator
tissular de mondcitos, mostrando que o tratamento com esses farmacos pode

mudar a histéria natural da HF.

Em conclusdo, as observagdes desse estudo tornam-se relevantes para que
novos estudos sejam conduzidos para melhor compreensao da utilidade destes
novos marcadores de risco cardiovascular, em uma populagdo geneticamente

caracterizada para a HF.
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9 PERSPECTIVAS

1) Validar os marcadores Lp(a), FABP3, FABP4 e as MPs em uma populagao
amostral maior com HF.

2) Estudo de follow-up com estes pacientes para diagnostico das complicagbes
cardiovasculares.

3) Amplificac&o da testagem para outros membros familiares dos CI

4) Correlacionar Lp(a) com Geragdao de Trombina para avaliar o sistema
fibrinolitico

5) Criacdo de servico de atendimento e educagédo para Hipercolesterolemia
Familiar em parceria com a prefeitura de Bom Despacho para assisténcia
multidisciplinar aos portadores da doenga e posterior ampliagdo para

atendimento as formas raras de dislipidemias.
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Anexo I- Aprovacao do COEP/UFMG

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEF

Projeto: CAAE T6387417.6.0000.5149

Interessado(a): Profa.léda de Fatima Oliveira Silva
Depto. Analises Clinicas e Toxicologicas
Faculdade de Farmacia - UFMG

O Comité de Etica em Pesqguisa da UFMG — COEP aprovou, no
dia 01 de novembro de 2017, o projeto de pesquisa intilulado
“Avaliacio de marcadores bioguimicos, inflamatdrios e
hemostiticos em portadores de hipercolesterolemia familiar:
correlagdo com tratamento farmacoldgico” bem como o Termo de
Consentimento Livre e Esclarecido.

O relatorio final ou parcial devera ser encaminhado ao COEP um
ano apos o inicio do projeto através da Plataforma Brasil.

Profa. Dra. Vivian Resende
Coordenadora do COEP-UFMG
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Certificamos que o trabalho intitulado FAMILIAL HYPERCHOLESTEROLEMIA: ASSESSMENT OF LIPID PROFILE AND
CORRELATION WITH TREATMENT, dos autores: Jinea Paolucci de Paiva Silvino, Maria das Gragas Carvalho, Edna A. Reis, Ana
Paula Lucas Mota, Karina Braga Gomes, Rita Carolina Figueiredo Duarte, Marcio Claudio Jardim Guimaraes, Maira. C. R.
Sousa,Pamela S. Azevedo e léda Fatima Oliveira Silva. Foi aprovado no "I Congresse Multidisciplinar de Analises Clinicas e
Toxicolégicas™ (COMACT) da Universidade Federal de Sao Jodo del-Rei — Campus Centro-Oeste Dona Lindu, realizado nos dias 15
a 19 de margo de 2021.

Divindpolis-MG, 19 de margo de 2021.
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2.3. FAMILIAL HYPERCHOLESTEROLEMIA: ASSESSMENT OF LIPID PROFILE AND
CORRELATION WITH TREATMENT

Jl.‘lriea.: P.P. Silvino'; Maria G. Carvalho®; Edna A. Reis"; Ana P.L. Mota'; Karina B. Gomes'; Rita C.F. Duarte®;
Marcio C.). Guimaraes *: Maira.C.R. Sousa'; Pamela 5. Azevedo'; léda F.0. Silva’,

'Universidade Federal de Minas Gerars, MG: ‘Laboratdrio Mdrcio Jardirm, MG.
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Introduction: Familial hypercholesterclemia (FH) is an autosomal dominant genetic disease, characterized by high
levels of low-density lipoprotein chalesteral [LDLE). The prevalence of FH has previously been reported as 1 in 500 in
the general population. AIM: This study aimed to evaluate lipid profile in FH patients undergaing treatment or not with
lipid-lowering drugs. Methods: Eighty individuals with FH were selected in Bom Despacho region from Minas Gerais
state and distributed in 2 groups: individuals treated with statins alone or conjugate therapy (statin + ezetimibe) (T= 53)
and those non treated (NT= 27). The lipid profile was determined by colarimetric enzymatic method. Statistical analyzes
were performed using software Minitab version 17. Results: The NT participants presented significantly higher plasma
levels compared to the T, for all parameters of the lipid profile including total cholesteral (TC), LDLe and triglycerides
{p<0.05], except far the high density lipoprotein cholesterol (HDLg). Individuals treated with conjugate therapy (statin +
ezetimibe) showed a significant reduction in the levels of TC and LDLc compared to the treated individuals with mono-
therapy (statins). Conclusion: In general, our findings suggest that combined therapy for the treatment of FH is asso-
ciated with a significant improvement in lipid profile, and, therefore, mare promising compared to the use of statin
monatherapy.
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Anexo V- Participagdo no Congresso com Apresentacéo de Temas Livres —
Endorecife 2021

certificado ENCCRECIFE

CERTIFICAMOS QUE

JUNEA SILVINO, RITA DUARTE, MICHELLE ALVES, CINTHIA JANNES, IEDA SILVA, KARINA
GOMES

Participaram do ENDORECIFE - Virtual Meeting, realizado no periodo de 13 a 16 de outubro de 2021,

como AUTORES do Trabalho: AVALIACAO DO ENDOCAN-1 COMO MARCADOR DE DISFUNCAO
ENDOTELIAL EM FAMILIAS COM HIPERCOLESTEROLEMIA FAMILIAR.

Recife, 16 de outubro de 2021
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TO1 AVALIACAO DO ENDOCAN-1 COMO MARCADOR DE DISFUNCAQ ENDOTELIAL EM FAMILIAS
COM HIPERCOLESTEROLEMIA FAMILIAR

Junea Silving', Rita Duarte’. Michelle Alves', Cinthia Jannes’, leda Silva', Karing Gomes'
Unnersidade Fedemnl de Minas Geeois (UFMG). 2 Universidode o 580 Poulo (USF)

Introdugio A hipercolesterolemia familiar {HF) ¢ uma docnga pendtig de rransmisslo sutossdmica dominante, carscrenzada por
aivis clovados da fragho de colesterol presente ma lipoproseina de bama pese maolecular (LDLe ), tenda como consequinaa a doenga
COTUIANANG aterosdleorstica precoce nesscs pavientes. O EndoCan- 1 {molécula- | expecifica da oélula endotelial) ¢ um pn::llngh‘ann
de sulfaro de dermaran sobivel, expressc pelo endorélio vasoular, envolvide na adesio celular em distirbios inflamaronos. Citocinas
pro-inflamatonis ¢ Grone de crescimento Pro-amgloagnicos Aumeniam i eupreisio o & secregdo de EndoCan pelas células endotclias
Marerial ¢ metodos: Foram scleaonsdos |16 individsos com nivels clevadus de LD Le de familias com suspeita de HE. Dicsses, 76
J.p:rwn!;rlm 'l-.nullnh:\ gencticas em heterongose wennficades por sequenciansenio NGS nos genes LIMLR (Aspd 24 Asn, delegio do
€xon 15, ScrB54Gly, Cys34Arg, Asp601 Hish, APUR [ MerdD9Val), POSKY (Arg237Trp) ¢ AFOE (PFro2Bleu) = grupoe 1 Em 40
ki :u.l|m:|.. nde fol identificads 3 vanante genética relacunada 3 HIF = grupo [ A dosagens de EndaCan- 1 fus feira por meéiodo ELISA
As andlises estatisticas foram realizadas em programa SIS v.21, sendo consideradios ugnificativos valores de p < 0,05, O estudo reve
provagio du Comité de Enca om Pesguina da UFMG. Resultados: A sdade mddia dos indwidusos com vanante gendénca mlennificada
(40,8 = 21,3 ndo diferu dade média do grupo sem vanante gencnca | 397 & 22.6) (s nivess de EndoCan-1 ndo mostraram diferenga
significativa entre os dois grupos — 394 (imervalo interquartilico [ICR ] « | 104 ) para o grupo L 91L{IQR = 1009) para o grup 11,
= 0,330, Para ambaos on grupos, os nives de EndoCan- 1 faram coerclackmnadios positividade com a klade (p = 022 ¢ p = 0,05 para o
Erup Lp=0531 ¢p<000] para o gropo 1), Conclugio: O dados suggereny gue o mivel de lesdo endotelial € semclhante entre os
familiares com HF, a despeino de vanantes genetcas whennficadas, e gque essa lesbo aumenta com aodade dis imividues, Os resulzados
undwam que s medidas proventnvas de doengas cardiovasculares devemn uvcluir todos Bamilianes de pacicates com HEF. Palavras-chave:
Vananre genética, lsomarcadores, lesdo endaorelial, duslipidermias. Financiadores: CNIPy ¢ Fapemig
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Anexo VI - Premiagao no Congresso Endorecife com 2° lugar em Temas Livres

certificado ENCCRECIFE

A Comisséo Cientifica do ENDORECIFE 2021 - Virtual Meeting, confere a

JUNEA SILVINO, RITA DUARTE, MICHELLE ALVES, CINTHIA JANNES, IEDA SILVA,
KARINA GOMES
O 2° Lugar na Premiagdo dos Temas Livres — Sessdo Ney Cavalcanti, apresentado neste
congresso realizado de 13 a 16 de outubro de 2021, no formato totalmente digital: AVALIAGAO DO
ENDOCAN-1 COMO MARCADOR DE DISFUNGAO ENDOTELIAL EM FAMILIAS COM
HIPERCOLESTEROLEMIA FAMILIAR

Recife, 16 de outubro de 2021
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Familial hypercholesterolemia: Is there a role for PCSK9 and e

thrombin generation?

J.P.P. Silvino®, M.G. Carvalho?, E.A. Reis°, A.P.L. Mota®, K.B. Gomes®, R.C.F. Duarte ®, M.C.
J. Guimaraes“, M.C.R. Sousa®, P.S. Azevedo?, LF.O. Silva®
= Departamento de Andlizes Clinicas e Toxicolégiens, Faculdade de Farméria, Universidade Federa] de Minas Gerais, Belo Horizonts, Mina: Geraiz, Brazil
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ARTIGCLEINFO

ABSTRACGT

Eeywards:

Familisl hypercholesterolemia
Thrombin generstion

PCEKS

Pharmacological therapy

Introduction: Familial hypercholesterolemia (FH) is an autosomal dominant genetic disease. The prevalence of FH
has previously been reported as 1 in 500 in the general population. This study aimed to evaluate the proprotein
convertase subtilisin/kexin 9 (PCSK9) levels, lipid profile and thrombin generarion in FH parients undergoing
treatment or not.

Methods: Eighty individuals with FH were selected and disoributed in 2 groups: individuals weated with statins
alone or conjugate therapy (statin | ezetimibe) (T — 53) and those non treated (NT — 27). PCSE® levels were
determined by ELISA, the lipid profile by colorimetric enzyme method and thrombin generarion assay (TGA) by
CAT method.

Results: Individuals weated with conjugate therapy (statin 1 ezetimibe) showed a significant reduction in the
levels of total cholestercl (TC) low density lipoprotein cholesterol (LDLe) and in the potential for thrombin
generation (ETP with low and high concentration of tissue factor), compared to the weated individuals with
monotherapy (statins). PCSK9 was positively correlated with increased levels of TC, LDLe and triglycerides, while
TGA parameters were positively correlated with PGSKS and lipid profile.

Conclusion: PCSES levels appear to be associated with components of the lipid and hemostatic profiles, in
addition to being influenced by age. In general, our findings suggest that combined therapy for the weatmment of
FH iz associated with a significant improvement in both lipid and hemostatic profiles assessed by TGA, suggesting
a reduction in atherogenic and thrombogenic risks and, therefore, more promising compared to the use of statin
monotherapy.
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Anexo VIII- Artigo Publicado na Research, Society And Development

Research, Society and Development, v. 11, n 9, 38411931975, 2022
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COVID-19, dyslipidemia and familial hypercholesterolemia: an up-date
COVID-19, dislipidemia e hipercolesterolemia familiar: uma atualizacio

COVID-19, dislipidemia e hipercolesterolemia familiar: una actualizacion
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Abstract

COVID-19 (coronavirus disease 2019) is an infection caused by the SARS-CoV-2 coronavirus, which can evelve into
a severe respiratory condition, affecting the world population in a pandemic manner. In this study, we aimed to update
the findings of the mechanizsms that associate dyslipidemia with COVID-19 infection, the evolution of severe form
and the influence of lipid-lowering treatment on outcomes. The search was performed in the PubMed and Embase
databaszes and the selection was based on dyslipidemia and COVID-19 studies, which resulted in 31 articles. In
results, the evidence in changes in cholesterol metabolism was found in SARS-CoV-2 virus infection with variations
in high-density lipoprotein (HDL) levels. In addition, it provided an increase in triglycerides (TG) and very-low-
density lipoprotein cholesterol (VLDLc). Patients with familial hypercholesterolemia (FH) with COVID-19
representing a group of individuals who develop early atherosclerotic disease with a higher risk of cardiovascular
event, which should intensify the lipid-lowering treatment due to the potential nisk of coronary endothelial
dysfunction caused by viral infection. Cholesterol modifying drugs have a potential to change the life cycle of the
virus, resulting in a range of pleiotropic effect on infectivity, immunity and inflammation, such as statins, fibrates,
ezetimibe, proprotein convertase subtilisinkexin type 9 inhibitors (iPCSK9), omega-3 fatty acids, bile acids
zequestrants and nicotinic acid. As dyshipidemia is one of the main risk factors for the severe form of COVID-19,
capsing endothelial dysfunction previcusly installed in dyslipidemic patients, the use of lipid-lowering drugs can
reduce the risk factors for the unfavorable outcome in these patients.

Keywords: Dyslipidemia; Familial Hypercholesterolemia; COVID-19; SARS-CoV-2; Hypolipidemic.
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Rastreamento para Hipercolesterolemia Familiar em Pequenos
Municipios: A Experiéncia do Programa HipercolBrasil em
11 Municipios Brasileiros

Screening for Familial Hypercholesterolemia in Small Towns: Experience from 11 Brazilian Towns in the
Hipercolbrasil Program

Cinthia Elim Jannes,”™ Jinea Paolucci Paiva Silvino,? Pamela Rodrigues de Souza Silva,*™ Isabella Ramos Lima,” Mauricio
Teruo Tada,” Theo Gremen Mimary Oliveira,* Raul D. Santos,” José Eduardo Krieger,” Alexandre da Costa Pereira’
Universidade de Sio Paulo Instituto do Coragéo - Laboratério de Genética e Cardiologia Molecular,’ Sao Paulo, SP — Brasil

Universidade Federal de Minas Gerais - Faculdade de Medicina,* Belo Horizonte, MG - Brasil

Universidade Federal de Mato Crosso - Faculdade de Em‘er.'rr.*.igem,s Cuiabd, MT - Brasil

Universidade de Sao Paulo Faculdade de Medicina - Instituto do Coragao,® Sao Paulo, 5P - Brasil

Hospital Israelita Albert Einstein Rjnggofd,s 580 Paulo. SP - Brasil

Resumo

Fundamento: A hipercolesterolemia familiar (HF) é uma doenca genética dominante que se caracteriza por niveis
sanguineos elevados de colesterol de lipoproteina de baixa densidade (LDL-C), e estd associada & ocorréncia de doenca
cardiovascular precoce. No Brasil, o HipercolBrasil, que é atualmente o maior programa de rastreamento em cascata para
HF, ja identificou mais de 2.000 individuos com variantes genéticas causadoras de HF. A abordagem padrao baseia-se no
rastreamento em cascata de casos indices referidos, individuos com hipercolesterolemia e suspeita clinica de HE.

Objetivos: Realizar rastreamento direcionado de 11 pequenos municipios brasileiros com suspeita de alta prevaléncia de
individuos com HFE.

Métodos: A selegio dos municipios ocorreu de 3 maneiras: 1) municipios em que houve suspeita de efeito fundador
(4 municipios); 2) municipios em uma regiao com altas taxas de infarto do miocardio precoce, conforme descrito pelo
banco de dados do Sistema Unico de Satide (2 municipios); e 3) municipios geograficamente préximos a outros municipios
com alta prevaléncia de individuos com HF (5 municipios). A significincia estatistica foi considerada como valor p < 0,05.

Resultados: Foram incluidos 105 casos indices e 409 familiares de primeiro grau. O rendimento dessa abordagem foi de
4,67 familiares por caso indice, o qual é significativamente melhor (p < 0,0001) do que a taxa geral do HipercolBrasil
(1,59). Identificamos 36 Cls com variante patogénica ou provavelmente patogénica para HF e 240 familiares de primeiro
grau afetados. Conclusdo: Nossos dados sugerem que, uma vez detectadas, regides geogrificas especificas justificam uma
abordagem direcionada para a identificacao de aglomeracoes de individuos com HE.

Palavras-chave: Hipercolesterolemia Familiar; Testes Genéticos; Doencas Cardiovasculares.
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Anexo X- Participacdo em Orientacdo de Trabalho de Conclusao de Curso
(TCC) de Graduagao
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CERTIFICAMOS, PARA OS DEVIDOS FINS QUE

léda de Fatima Oliveira Silva — orientadora, Junea Paolucci de Paiva Silvino — co-orientadora, Ana Paula
Lucas Mota e Kathryna Fontana Rodrigues, participaram como membros da Comissdo Examinadora da
Monografia de Conclusdo de Curso, intitulada “Perfil inflamatério em mulheres com hipercolesterolemia
familiar em uso de terapia hormonal e estatina” apresentada pela aluna Dondria Beatriz de Souza.

Belo Horizonte, 13 de novembro de 2019.
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Professora Dra. 1&da de Fitima Oliveira Silva — orientador(a), Doutoranda Jinea Paolucci de Paiva Silvino - co-orientadora, Profa. Dra. Claudia Natilia
Ferreira, e mestrando Breno Augusto dos Santos, participaram comoe membros da Comissio Examinadora da Monografia de Conclusio de Curso, intitulada
“CARACTERIZACAO CLINICA, BIOQUIMICA E MOLECULAR DE PACIENTES PORTADORES DE HIPERCOLESTEROLEMIA FAMILIARY, apresentada pelo(a) aluno(a)
Ana Luisa Ribeiro, no dia 25 de novembro de 2022.

Belo Horizonte, 25 de novembro de 2022.
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Ferreira e Junea Paolucci de Paiva Silvino, participaram como membros da Comissdo Examinadora da
Monografia de Conclusio de Curso, intitulada “COLESTEROLEMIA FAMILIAR: UMA REVISAQ BIBLIOGRAFICA £
O IMPACTO DA DESCOBERTA DA PCSK9” apresentada pela aluna Juliana Patricia Andrade Uberaba.

Belo Horizonte, 07 de novembro de 2018.
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Ana Paula Lucas Mota - orientadora, Janea Paolucci de Paiva Silvino e Lorraine Vieira Alves, participaram
como membros da Comissdo Examinadora da Monografia de Conclusdo de Curso, intitulada “DISLIPIDEMIAS E
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Belo Horizonte, 29 de margo de 2019.

dEh o

Profa Dra. Cristina Mariano Ruas
do Colegiado do Curso de Farmacia

FACULDADE DE FARMACIA DA UNIVERSIDADE FEDERAL DE MINAS GERAIS
Av. Presidente Antdnio Carlos, 6627 — Campus Pampulha - CEP 31270-801 - Fone: 31 3409-6742/6743/6744

cografar@farmacia.ufme.br  weww.farmacia.ufmg.br




172

Anexo XllI- Participagdo com Co-Autoria em Capitulo de Livro

i\Atheneu

DECLARACAD PARA
FINS CURRICULARES

Declara a pedide da Dra JUMEA PAOLUCCI DE PAIVA SILVING, ser esta a
coaufora untaments com a Dra. Karina Braga Gomes da capilulo:

SE 19 = INTRODUIGAD AD SISTEMA ENDOCRING

= CAPITULO 19.4: Fisiopaiologia e Invesligacio Labaratonal da Fungio
Adrenal

0 capilulo inbegra o vro: Biogimica Clinica = ¥ edicio, cujos Editores sho o
Dir. Salim Kanaan, a Dra. Mara Alice Terra Garcia {in meamoian) & a Dra. Anal Gcia

Rampazzo Xavier.

Informo gue a obra aqui referda estd em fase de produglo edilorial, lendo a
expecaliva de publcacio para o ano de 2022,

Sdo Paulo, 29 de agosio de 2022
FALILD DA COSTA ::"u"'”';;' Sl
RZEZINSKLOZ4TE0S Pr—

30T 8

i Tra
EDITORA ATHEMEL
Dr. PALLC RZEZINESKI
Direlor-Médica

Fagina 1de 1

AL PALLE — Flew Maris Pauis, 123 16° andir - CEP 01319-001 - Tat (11) 28588-4750
RO DE JANERD - fom Barntins, 74— lojm A - Bolalogn - CEP 222971080 - Tat {21) 3084-1205
E-mait aberaszahere com br



Anexo XllI- Aprovagao no Concurso de Professor Efetivo em Magistério

Superior

UNIVERSIDADE FEDERAL DE 540 JOAQ DEL-REI
INSTITUIDA PELA LEI X° 10425 DE 1902002 - DU0U. DE 22104/2002
PRO-REITORLA DE GESTAD E DESENVOLVIMENTO DE PESSOAS

DIVISAD DE DESENVOLVIMENTO DE PESSOAS
SETOR DE CONCURSOS E PROCEDIMENTOS ADMISSIONAIS

HOMOLOGACAD DO CONCURSO PUBLICO PARA PROVIMENTO DE CARGO DA
CARREIRA DO MAGISTERIO SUPERIOR - CPD 0622019

0O Pro-Reitor de Gestao e Desenvolvimento de Pessoas da Universidade Federal
de 530 Jodo del-Rei = UF5], no uso de suas atribuigdes, HOMOLOGA o concurso publico
para provimento de cargo da Carreira de Magistério Superior, Edital 0622019, na drea
de CLINICA MEDICA, para o Campus Centro-Oeste Dona Lindu (CCO), edital publicado
no DOU de 03/12,/2019 - secdo 3, pag. 99, e torna publico sew resultado, a saber:

1f LUGAR: JUNMEA PAOLUCCI DE PAIVA SILVING;
2¢ LUGAR: ANA GABRIELA DE MAGALHAES;
3% LUGAR: ALINE DE FREITAS LOPES.

530 Jodo del-Rei, 14 de margo de 2022.

LUCAS RESENDE AARAD
Pro-Reitor de Gest3o e Desenvolvimento de Pessoas
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Anexo XIV- Caracterizagéo dos Casos-indices (Cl) quanto & idade, sexo, critério
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de DLCN, variante genética, n° familiares, tratamento, nivel de LDLc basal e

Caso-indice Idade
1 53 anos
2 55anos
3 453anos
4 56 anos
5 13anos
6 58 anos
7 27 anos
8 49anos
9 42 anos
10 30anos
11 36.anos
12 63 anos
13 33 anos
14 58 anos
15 86 anos
16 26 anos
17 42 anos

Sexo
Fem
Masc
Fem
Masc
Masc
Fem
Fem
Fem
Fem
Fem
Fem
Fem
Fem
Fem
Fem
Masc
Fem

classificaggdo ACMG
DLCN  Variante genética N familiares
Possivel  Ser854Gly gene LDLR 1 comvariante
Definitivo Asp224Asn gene LDLR 2 comvariante
Provvel Asp 601His gene LDLR 3 comvariante e 1 sem variante
Definitivo Cys34Arg gene LDLR 2 sem variante
Definitivo Asp224Asn gene LDLR sem familiar

Definitivo Asp224Asn gene LDLR
Definitivo Asp224Asn gene LDLR
Definitivo Asp224Asn gene LDLR
Provavel Asp224Asn gene LDLR
Definitivo Asp224Asn gene LDLR
Possivel  Asp224Asn gene LDLR
Definitivo Asp224Asn gene LDLR
Possivel  Met499Val gene APOB
Definitivo Pro28Leu gane APOE

Provvel Asp224Asn gene LDLR
Defintivo  Asp224Asn gene LDLR

Tratamento
Sinvastatina 40 mg
Atorvastatina 40 mg + Ezetimiba 10 mg

LDLc maisalto Classificagdo ACMG

223 mgldL
23 mgldL

Rosuvastatina 40 mg + Ezetimiba 10 mg 263 mg/dL

Atorvastatina 40 mg + Ezetimiba 10 mg
Ezetimiba 10 mg

14 com variante e 6 sem variante sem tratamento

4 comvariante e 2 sem variante
9 com variante e 4 sem variante

Atorvastatina 20 mg + Ezetimiba 10 mg
Rosuvastatina 20 mg

19 com variante e 22 sem variante Rosuvastatina 20 mg

8 com variante e 7 sem variante
2 sem variante

2 com variante e 2 sem variante
2 com variante e 1 sem variante
2 comvariante e 1 sem variante
1 com variante e 1 sem variante
sem familiar

Defintivo Delecdo exon 15 gene LDLR 2 com variante

sem tratamento

Atorvastatina 40 mg

Atorvastatina 20 mg

sem tratamento

Atorvaatatina 20 mg + Ezetimiba 10 mg
Atorvastatina 80 mg

Atorvastatina 40 mg

Atorvastatina 80 mg

261 mgldL
194 mg/dlL.
489 mg/lL
214 mg/dL
283 mg/dL
28 mg/dL
393 mg/dL
219 mg/dL
263 mg/dL
23 mgldL
247 mgldL
266 mg/dL
213 mg/dL
3306 mg/dL

Provavelmente patogénica
Patogénica
Provavelmente patogénica
Provavelmente patogénica
Patogénica

Patogénica

Patogénica

Patogénica

Patogénica

Patogénica

Patogénica

Patogénica

VUS

VUS

Patogénica

Patogénica

Patogénica



