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Resumo

Aincidéncia de hipertensdo arterial sistémica estd aumentando mundialmente. Sua prevencio baseia-se na identificagéo
dos hipertensos. Atualmente, biomarcadores sdo utilizados com fins de diagnosticar, estratificar e prognosticar
doengas. Neste estudo, objetivou-se revisar artigos dos Ultimos cinco anos relacionados a biomarcadores nas doencas
cardiovasculares. Pesquisaram-se dados de PubMed, SciELO, Science Direct e MEDLINE, mediante as palavras-chave:
hipertensdo arterial, biomarcadores cardiovasculares, Oxido nitrico, fungédo endotelial e dimetilarginina assimétrica.
Os estudos levantados mostram que as doengas cardiovasculares possuem uma etiologia complexa. Neste artigo,
evidenciaram-se interagdes entre o dxido nitrico e a dimetilarginina assimétrica na regulagédo, no metabolismo e na
determinagao dos niveis intracelulares, e reviram-se outros biomarcadores relacionados a hipertensao. Alguns estudos
indicam os biomarcadores como uma ferramenta Util na predicéo de eventos cardiacos, e outros reportam que eles
contribuem pouco para a avaliagéo. A selecdo e combinagdo desses pode ser uma alternativa para validar o uso dos
biomarcadores devido a pouca especificidade existente para diagnosticar a hipertensao.
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Abstract

Theincidence of systemic arterial hypertension is increasing worldwide. The foundation of prevention is identification
of people with hypertension. Nowadays, biomarkers are used to diagnose and stratify diseases and estimates prognosis.
The objective of this study was to review articles published over the last 5 years on the subject of biomarkers of
cardiovascular diseases. The PubMed, SciELO, Science Direct and MEDLINE databases were searched using the keywords:
arterial hypertension, cardiovascular biomarkers, nitric oxide, endothelial function and asymmetric dimethylarginine.
The studies reviewed show that cardiovascular diseases have complex etiologies. This article describes evidence
demonstrating interactions between nitric oxide and asymmetric dimethylarginine that are involved in regulation, in
metabolism, and in determination of intracellular levels, and also discusses other biomarkers related to hypertension.
Some studies indicate that biomarkers are useful tools for prediction of cardiac events, whereas others state that
they have little to contribute to assessments. Careful selection of tests and combinations of tests may be the key to
validating use of biomarkers, in view of their low specificity for diagnosing hypertension.
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INTRODUGAO

A hipertensao arterial sistémica (HAS) constitui
um problema de saude piblica grave em virtude de
sua dimensao, risco e dificuldades no controle, e
esta relacionada a uma elevada taxa de mortalidade
por promover o desenvolvimento de doencas
cardiovasculares (DCVs)'. As DCVs atingem mais
de 83,6 milhodes de norte-americanos e, no Brasil, o
Ministério da Saude verificou a ocorréncia de 326 mil
casos de morte por essas doencas, o que corresponde
a cerca de 1.000 mortes por dia em 2010,

De acordo com Georgiopoulou et al.?, a incidéncia
de HAS aumentou globalmente. Para Durande e
Gutterman®, as células endoteliais incorporam uma
gama de fungdes homeostaticas. Tem sido sugerido
que a disfun¢do do endotélio vascular associado a
HAS esta relacionada com uma inflamacao local
e sistémica’. Sabe-se que a inflamagdo é uma
resposta fisiologica protetora a estimulos nocivos
e/ou patogénicos, e que a disfuncao endotelial ¢ um
estado pro-inflamatdrio, com alteracdo nas fungdes
do endotélio, e estd associada a HAS, uma doenga
multifacetada.

Entre os fatores patoldgicos, podem-se citar os
radicais livres, que promovem lesdo tecidual e disfungio
endotelial por perturbarem o equilibrio do 6xido nitrico
(NO), causando elevado estresse oxidativo, elevados
niveis de citocinas pro-inflamatorias (fator de necrose
tumoral alfa - TNF-qa,; interleucinas - IL-6 e IL-13) ¢
a produgdo excessiva de quimiocinas inflamatorias
[macréfago inflamatdrio proteina alfa-1 (MIP-1a) e
quimioatrator proteina-1 (MCP-1)]%".

A patologia HAS constitui um fator de risco
relacionado a alta morbidade e mortalidade por
contribuir para o agravamento de outras DCVs e
doencas renais®. Assim, a HAS esta nitidamente
associada ao desenvolvimento de lesdes vasculares e
ao aparecimento de disfungdes em 6rgaos-alvo como
encéfalo, coragéio, vasos sanguineos e rins’, levando
a complicagdes como: acidente vascular encefalico,
infarto agudo do miocardio, insuficiéncia cardiaca,
doengca arterial periférica, doenca arterial coronariana
e doenga renal cronica.

Os biomarcadores sdo comumente empregados na
medicina clinica de DCVs tanto para diagnosticar e
estratificar os riscos como também para prognosticar tais
patologias'®. Como exemplo do uso de biomarcadores,
pode-se citar a dosagem de osteoprotegerina em casos
de insuficiéncia cardiaca, que pode estar relacionada
a HAS em decorréncia de ser a causa da hipertrofia
do miocardio'.
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Objetivou-se por meio do presente estudo revisar
na literatura artigos cientificos relacionados ao tema
HAS e biomarcadores. Durante os Gltimos 10 anos,
a dimetilarginina assimétrica (ADMA) vem se
destacando como um biomarcador cardiovascular
promissor. Nesse contexto, buscou-se relatos de
ADMA no plasma como um novo biomarcador de
risco cardiovascular putativo, como na hipertensao,
assim como de contribui¢des da incorporagéo de outros
modelos de biomarcadores, como células progenitoras
de endotélio, troponina T, vitamina D e 4cido urico.

Assim, foi realizada uma revisdo da literatura atual
utilizando referéncias bibliograficas buscadas nas
bases de dados PubMed, SciELO, Science Direct, e
MEDLINE, publicadas durante o periodo de 2010 a
2015, por meio da utilizagdo e combinagao das seguintes
palavras-chave: hipertensdo arterial, biomarcadores
cardiovasculares, 6xido nitrico, fungdo endotelial
e dimetilarginina assimétrica. Foram pesquisados,
também, os mesmos termos no idioma inglés.

PRESSAO ARTERIAL E HIPERTENSAO

A pressao arterial (PA) pode ser definida como a
forga exercida pelo sangue por unidade de area da
parede vascular. Essa pressdo gerada pelo coragdo éa
forca (energia potencial) que permite a ocorréncia do
fluxo sanguineo e a perfusdo sanguinea nos tecidos.
Por intermédio do fluxo circulatorio, sdo fornecidos
aos orgaos e tecidos quantidades de oxigénio conforme
anecessidade e retiram-se os metabolitos resultantes
da atividade celular. Dessa forma, a manutengao de
uma pressao adequada ¢ fundamental para que ocorra
o bom funcionamento do sistema circulatorio.

A fisiopatologia da HAS implica em entender os
mecanismos de controle da PA, cuja regulagdo depende
de agdes integradas entre os sistemas cardiovascular,
renal, neural e endocrino, ¢ de fatores fisicos como
forca contratil do coracao e elasticidade das grandes
artérias toracicas. De acordo com Franceschini etal.?, a
manutengdo da PA dentro de uma faixa de normalidade
depende de variagdes no débito cardiaco e na
resisténcia periférica, com intimeras substancias e
sistemas fisioldgicos interagindo de maneira complexa
para garantir uma PA em niveis adequados nas mais
diversas situacoes.

AHAS é uma desordem circulatoria'?. Essa condigdo
clinica multifatorial estd associada a alteragdes
metabolicas e funcionais/estruturais dos orgaos-alvos
(coragdo, rins e vasos sanguineos), caracterizada por
niveis elevados e sustentados de PA, geralmente acima
da meta (nivel pressorico sistolico > 140 mmHg
e/ou nivel pressorico diastdlico > 90 mmHg)'3!4,
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A HAS, ou o aumento da PA, ¢é reconhecida como
um importante fator de risco para a morbidade e
mortalidade cardiovascular'>'®, mesmo com o uso
concomitante de medicamentos anti-hipertensivos.

A literatura reporta alguns fatores ambientais
relacionados com a progressao, evolugdo e complicagdes
nas patologias cardiovasculares, e entre esses fatores
incluem-se o tabagismo, a obesidade, o sedentarismo
e outros. A combinagdo desses fatores entre individuos
hipertensos parece variar com a idade, a inatividade
fisica, a hiperglicemia e a dislipidemia, sendo que a
obesidade aumenta a prevaléncia da associacdo de
multiplos fatores de risco'®. Lima et al.!’, em estudo
com pacientes brasileiros submetidos a revascularizagio
miocardica, concluiu que a hipertensdo arterial, a
obesidade e o sedentarismo foram os fatores mais
frequentemente encontrados, e que 79,5% dos
pacientes apresentaram, no minimo, trés fatores de
risco. Observou-se ainda que os fatores que promovem
alteracdes na PA vém ocorrendo em faixa etaria cada
vez mais baixa'®.

Diante do exposto, Nobre et al.'” ressaltam que a
génese da hipertensdo compreende aspectos genéticos,
ambientais, vasculares e neurais. A hiperatividade
do sistema nervoso simpatico ¢ proposta como um
importante mecanismo de hipertensdo e DCV?.

Determinantes sociais, como urbanizagao,
renda, envelhecimento e educagdo, influenciam o
desenvolvimento dessa patologia'?. Portanto, para
prevengdo da HAS, alteracdes no estilo de vida sdo
recomendadas pelas diretrizes nacionais e internacionais,
que nos ultimos anos vém se fortalecendo devido ao
aumento da sobrevida dos pacientes com doencas
cronicas®.

Entre os mecanismos fisiopatolégicos da HAS,
podemos citar o papel do endotélio vascular.

ENDOTELIO E ALTERAGOES
FISIOPATOLOGICAS

As células endoteliais, em condigdes fisiologicas,
sdo controladas por fatores hemodindmicos, como
PA e fluxo sanguineo, que levam a uma resposta,
dependente da produgdo de mediadores quimicos,
e que produzem modifica¢des no fluxo sanguineo?.
Essas células desempenham um papel fundamental
na regulacdo do tonus vascular através da sintese
e libera¢do de fatores de relaxamento e contragdo
envolvidos na homeostase cardiovascular®.

De acordo com Dias et al.?*, os principais fatores
relaxantes derivados do endotélio sdo o NO, o fator
hiperpolarizante derivado do endotélio (EDHF) e
a prostaciclina (PGI2). Entre os fatores contrateis,
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os principais sdo a prostaglandina H2 (PGH2), a
tromboxana A2, a angiotensina II (Ang IT), as espécies
reativas de oxigénio (ROS) e a endotelina (ET-1).

O endotélio € um 6rgdo com multiplas fungdes.
A habilidade endotelial de modular o limen vascular
pela regulagdao do tonus vascular (controle da
dilatagdo e da contragdo local) ou pela liberag@o de
fatores vasoativos ¢ uma das principais respostas
aos estimulos fisiologicos gerados pelo fluxo e pela
pressdo sanguinea*?’,

Na hipertensdao, o complexo mecanismo de
elevagdo da PA pela deficiéncia de NO envolve
acentuagdo do tonus do sistema simpatico, do sistema
renina-angiotensina (RAS) e do estresse oxidativo?.
Todas as células, incluindo as endoteliais, possuem
complexos sistemas antioxidantes enzimaticos e ndo
enzimaticos, que atuam sinergicamente para defender
o organismo de danos causados pelos radicais livres®.

O NO ¢ um radical livre inorganico, gasoso,
altamente reativo e produzido a partir da oxidagdo
do aminoacido L-arginina, que se converte em
L-citrulina®. O NO ¢ gerado a partir da L-arginina
pela a¢do de NO-sintase endotelial, na presenca de
cofatores. Uma vez que ele ¢ produzido, difunde-se
para células musculares lisas vasculares e ativa a
guanilato-ciclase (GC), o que leva a vasodilatacdo
mediada pela liberacdo do segundo mensageiro
guanosina monofosfato ciclico (¢cGMP) e a ativacao
da proteina quinase G-dependente, resultando na
diminuicao da concentragdo de calcio intracelular,
seguida por vasorrelaxamento. Além disso, hd muitas
outras fungdes do NO que participam da regulacdo de
transcrigdo de genes, tradu¢do de mRNA e modificagido
proteica de varias enzimas envolvidas na respiracao
mitocondrial, na mitogénese e no crescimento?'.
O sistema de sinaliza¢do NO e cGMP é um modulador
bem caracterizado da funcdo cardiovascular, em geral,
e da PA, em particular® (Figura 1).

Existem trés isoformas da enzima responsavel pela
sintese de 6xido nitrico (NOS). A forma neuronal
(nNOS), encontrada nos neurdnios e ativada por
calcio, a forma induzivel (iNOS), estimulada por
citocinas inflamatorias, produtos microbianos e
perturbagdo mecanica®, e a enzima 6xido nitrico
sintase endotelial (eNOS), localizada no cromossomo
7 (7q35-36), sao responsaveis pela sintese de NO na
circula¢@o sanguinea, com capacidade vasoprotetora e
vasodilatadora®*. Além de inibirem a proliferagdo das
células musculares lisas, impedem o recrutamento, a
adesdo e a diferenciacdo de células inflamatorias, a
agregagao plaquetaria e a produgéo do fator tecidual
trombogénico?'-*,
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Figura 1. Sinalizagdo endotelial e mecanismo de relaxamento ou contragdo do musculo liso. eNOS: enzima 6xido nitrico sintase
endotelial; NO: 6xido nitrico; GC: guanilato-ciclase; cGMP: guanosina monofosfato ciclico; Ca’*: fons de calcio; ECE: enzima de
conversao da endotelina; ET-1: endotelina 1; ETA, ETB: receptores das endotelinas — ETA e ETB em células de musculo liso vascular; O,
radicais livres; ROS: espécies reativas de oxigénio; ADMA: dimetilarginina assimétrica; DDAH: dimetilarginina-dimetilamino-hidrolase.

A atividade de eNOS ¢ de nNOS ¢ dependente
do complexo célcio/calmodulina (Ca*’CaM). Desse
modo, ela ¢ controlada pela variagdo de concentragao
de calcio intracelular, que ¢ um importante sinalizador
citoplasmatico. A iNOS independe do aumento
das concentragdes intracelulares de Ca?*, segundo
Forsterman e Sessa®!, sendo expressa em processos
celulares anormais induzidos e/ou estimulada por
citocinas, agentes inflamatorios e perturbagao mecanica,
resultando em alto fluxo de NO*3,

BIOMARCADORES DE NO/ADMA

Defeitos na funcao endotelial e na produgdo de
NO foram associados com aterosclerose, hipertensao,
diabetes, obesidade, sedentarismo, tabagismo, idade
avancada, baixa biodisponibilidade de L-arginina e
presencga de agentes infecciosos™®.

Estudos com metabdlitos do NO, como nitrito/nitrato
(NOx), mostram que eles atuam monitorando o
estado de satde de pacientes com DCVs e podem ser
utilizados no campo clinico como biomarcadores?’.
Rajendran et al.*® corroboram essa abordagem sobre
biomarcadores, pois avaliaram a funcdo endotelial
baseados na medi¢ao dos biomarcadores endoteliais
circulantes no plasma, uma vez que existem muitos
candidatos atrativos para biomarcadores endoteliais.
No entanto, os autores ressaltam que, em muitas

patologias, essas moléculas possuem uma fraca
seletividade e especificidade. Assim, se forem utilizadas
individualmente, t¢ém um baixo valor preditivo.

Considerando que a produgdo de NO foi associada
a baixa biodisponibilidade de L-arginina*® e que
este substrato ¢ analogo a ADMA, estudos sugerem
que a razdo L-arginina/ADMA tem reflexo direto
na biodisponibilidade de NO*. No plasma de
individuos saudéveis, a relagao L-arginina/ADMA ¢
de aproximadamente 100:1, segundo Sharma et al.*°.
Porém, em uma situagdo fisiopatologica, a ADMA
apresenta concentragoes aumentadas quando comparada
a L-arginina; dessa maneira, a ADMA pode atuar
inibindo competitivamente a eNOS, uma vez que
inibe a formagdo de NO e, consequentemente, reduz
a sintese desse substrato*!. Assim, os niveis elevados
de ADMA podem inibir a sintese de NO, prejudicando
a funcdo endotelial.

Os niveis plasmaticos elevados de ADMA tém
sido relatados em pacientes com fatores de risco
vascular, possuindo valor preditivo para eventos cardio
e cerebrovasculares, sendo que Nishiyama et al.*?
destacaram a ADMA como um biomarcador da
hipertensdo arterial. Com base nesta pesquisa
bibliografica, ressalta-se o déficit de estudos sobre
os efeitos dos niveis intracelulares de ADMA na
hipertensdo nos ultimos cinco anos.
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Estudos revelaram ainda que niveis elevados de
ADMA reduzem a participagdo do NO na regulagao
do tonus vascular por atuarem na inibi¢ao direta da
eNOS e na diminui¢do da biodisponibilidade desta pelo
aumento da produgao e liberagdo de ROS através da
ativagdo do RAS, levando a uma disfuncdo vascular
em vasos arteriais isolados in vitro*'.

Evidéncias sugerem que o desequilibrio nos niveis
de NO e ROS (diminui¢ao e aumento, respectivamente)
ativa o sistema nervoso simpatico, mecanismo que
parece estar envolvido nos aspectos neurogénicos
da hipertensao®. Desse modo, a ADMA pode servir
como um biomarcador, indicando a reducdo da
biodisponibilidade do NO*'.

BIOSSINTESE DE ADMA

O substrato ADMA ¢ formado depois da proteolise
de proteinas contendo residuos de arginina metilados.
Essametilacao ¢ facilitada pela enzima metiltransferase
(PRMTs), que utiliza a proteina S-adenosilmetionina
(SAM) como o grupo doador de metilo*. Sabe-se que
existem dois tipos de PRMTs, de acordo com a atividade
catalitica especifica: tipo 1, que catalisa a formacao
de ADMA e NG-monometil-L-arginina (L-NMMA);
e tipo 2, que catalisa a formagdo de dimetilarginina
simétrico (SDMA) e L-NMMA (Figura 2).

Atualmente, destaca-se a ADMA degradada pela
dimetilarginina-dimetilamino-hidrolase (DDAH)*,
constituida de duas isoformas (DDAH-1 e DDAH-2).

L-arginina

SAM metilagdo

SAH PRMT1

dimetil-L-arginina

protedlise

\ 4
RAS €—ADMA/L-NMMA

L-Arginina + eNOS ADMA + eNOS

ROS

NO NO

Figura 2. Via da ADMA e sua relagdo com o NO. ADMA:
dimetilarginina assimétrica; SAM: sadenosilmetionina; SAH:
S-adenosil; PRMT1: enzima metiltransferase tipo 1; SDMA:
dimetilarginina simétrica; L-NMMA: NG-monometil-L-arginina;
RAS: sistema renina-angiotensina; ROS: espécies reativas de
oxigénio; eNOS: enzima oxido nitrico sintase endotelial; NO:
sintese de 6xido nitrico.
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A degradagdo da ADMA pela isoforma enzimatica
DDAH-1 ocorre nos tecidos*, sendo proposto que
a modulagdo da atividade DDAH-1 através dos
agonistas do receptor farnesoid X (FXR), a exemplo
3-(2,6-diclorofenil)-4-(3’-carboxi-2-chlorostilben-4-il)-
oximetil-5-isopropylisoxazole (GW4064), pode ser
utilizada como um alvo terapéutico para o tratamento
de insuficiéncia cardiaca congestiva e outras DCVs?.

Para Caplin et al.*, 80 a 90% de ADMA ¢é metabolizada
principalmente por DDAHs. Uma via alternativa ocorre
por alanina-aminotransferase 2 glioxilato (AGXT2)
no rim*. AADMA, por acumular-se no plasma, pode
ser considerada um fator patofisiologico de DCVs e
também renais.

Segundo Davids et al.*°, é preciso ter em mente
que os niveis circulantes de ADMA, em alguns casos,
refletem as concentragdes intracelulares. Contudo,
esses niveis ndo estdo em equilibrio®.

Em pacientes cardiacos, de acordo com
Nemeth et al.¥, niveis elevados de ADMA no liquido
pericardico podem indicar mecanismos fisiopatologicos
importantes, como a reducao da biodisponibilidade
do NO, contribuindo para o desenvolvimento de
hipertrofia cardiaca e remodelag@o. Assim, os autores
propdem que a andlise desse liquido pode ser uma
ferramenta de diagndstico por interferir no conteudo
e nos efeitos do liquido pericardico, abrindo novas
opgodes terapéuticas para modificar beneficamente a
funcdo e a estrutura cardiaca.

Sabe-se que a ADMA foi identificada como um
fator de risco para a disfunc¢do endotelial que age
em varias DCVs acelerando a progressao™. Estudos
recentes em pacientes com doenga renal cronica (DRC)
sugerem uma relacdo ou associacdo entre os niveis
de ADMA e o fator de crescimento de fibroblastos
23 (FGF-23), além de uma relagdo com marcadores
de lesdo da célula endotelial®***,

Varios estudos que avaliaram biomarcadores
convencionais ¢ inovadores para a predi¢ao de eventos
cardiovasculares foram relatados. Reriani et al.®®
reportam a necessidade de averiguagdo da utilidade
dos biomarcadores putativos na avalia¢dao do risco
cardiovascular, quando comparados com a fungdo
endotelial, devido ao pequeno valor incremental de
biomarcadores sobre os fatores de risco convencionais.
Seria especular que biomarcadores em tais estudos
ainda iriam desempenhar um papel minimo na
estratificagdo de risco cardiovascular.

OUTROS BIOMARCADORES

Na Tabela 1, foram apresentados alguns biomarcadores
amplamente conhecidos. Segundo Hirata et al.>¢,
varios marcadores ja foram citados na literatura
sobre a disfun¢ao endotelial vascular, como insulina,
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Tabela 1. Alguns marcadores dosados apresentam relagdo com o risco cardiaco.

Categoria Biomarcador

Efeitos

-Promove disfuncéo endotelial por suprimir diretamente a produgéo de NO*

PCR*
(proteina)

Inflamagéo vascular tensao

-Ativagdo do RAS*
-Aumento dos niveis de PCR foram associados com risco aumentado de hiper-

IL-65, IL-1!, TNF-auf, MCP-1**
(citocina)

-IL-6 se correlaciona positivamente com as pressoes sistolica e diastdlica
-A concentragao de IL-6 e PCR coincide com aumento do IMC'", de lipideos e de

outros fatores de risco relacionados com a aterosclerose

BNP* e NT-proBNP*

Estresse miocardico .
(neuro-horménio)

-Dilatagdo ventricular e sobrecarga de pressdo na parede miocardica
-Aumento da taxa de filtragdo glomerular

-Aumento da excregio de agua e sédio

Estresse oxidativo e

N Homocisteina
fungao renal

-Aumento da homocisteina no plasma como um marcador de risco cardiovas-
cular associado a idade, colesterol e hipertensio

- Inibidor de serino-protease produzido por células endoteliais

Potencial fibrinolitico PAI-1ll

- Aumento dos niveis de PAI-1 em individuos hipertensos como resultado da

indugao do cisalhamento e/ou ativagdo endotelial

* PCR: proteina Creativa. + NO: Oxido nitrico. # RAS: sistema renina-angiotensina. § IL-6: interleucina-6. || IL-1: interleucina-1. § TNF-o: fator de necrose tumoral-o..
** MCP-1: quimioatrator protefna-1. t+ IMC: indice de massa corporal. +f BNP: peptideo natriurético tipo B. §§ NT-proBNP: pr6-BNP. |||| PAI-1: fator ativador de

plasminogénio 1.

adiponectina, vasodilatadores (nitrito ¢ nitrato) e
vasoconstritores (ROS, endotelina, tromboxana A2).
No presente estudo, foram encontradas pesquisas
direcionadas para a funcdo endotelial e a investigacao
de outros possiveis biomarcadores, apresentados a
seguir.

Células Progenitoras de Endotélio (CPEs)

As CPEs sio células mononucleares que expressam
uma combinagio de marcadores endoteliais (VEGFR2)
e progenitores (CD34/CD133), com alta capacidade
proliferativa, podendo ser isoladas do sangue periférico,
medula dssea e sangue do cordao umbilical. Nao hd um
unico marcador especifico para a identificagao dessas
células, sendo atualmente o mais aceito a coexpressao
de marcadores CD133, CD34 ¢ VEGFR2. Embora
esses marcadores ndo sejam exclusivos de CPE, a
sua combinagdo caracteriza uma célula progenitora
especifica em relagdo a um estagio de maturagao
especifico’”*®,

Descobriu-se que as CPEs auxiliam no processo
do reparo endotelial e na formagao de novos vasos, o
que as condiciona a serem utilizadas como marcador
de saude cardiovascular.

Troponina T (hs-cTnT)

McEvoy et al.* avaliaram a sensibilidade de
troponina T (hs-cTnT), um marcador de lesdo miocérdica
subclinica que pode identificar individuos com risco
de hipertensdo ou hipertrofia ventricular esquerda.
Eles concluiram que a hs-cTnT estd associada com
a incidéncia de hipertensdo e o risco de hipertrofia
ventricular esquerda em uma populagao ambulatorial
e sem historia de DCV. Contudo, os autores ressaltam

anecessidade de mais pesquisas para determinar se a
hs-cTnT pode identificar e beneficiar a monitorizacao
ambulatorial da PA ou hipertensdo.

Autores com Bugnicourt et al.®° ¢ Tu et al.!
demonstraram que as concentragdes de troponina
podem prever um novo inicio de fibrilagdo atrial,
uma vez que esta independentemente associada
com pior resultado do curso por causa de eventos
adversos cardiacos graves. O mecanismo exato pelo
qual a fibrilagdo atrial leva a elevacdo de hs-TN
nao ¢ totalmente compreendido e mais estudos sdo
necessarios. Contudo, biomarcadores como hs-TNI
ou hs-TNT sao de facil manuseio e de menor valor
financeiro.

O uso de hs-TN em pacientes que estdo em risco
muito elevado poderia identificar e, consequentemente,
receber um tratamento especial com uma maior taxa
de controle e uma defini¢do mais rigorosa dos limites
de possiveis fatores de risco, como PA, hipercolesterol
e diabetes melito®. Sabe-se que os valores de hs-TNI
sdo muito sensiveis na identificacdo de danos no
tecido do coracgao.

Vitamina D

Os efeitos da vitamina D na homeostase do calcio
e no metabolismo 6sseo foram bem ressaltados na
literatura. Contudo, estudos mais recentes reportam
sua associacdo a diversos problemas de satde, como
os efeitos sobre a satude cardiovascular, uma vez que
a vitamina D pode interagir com varios mecanismos.

De acordo com os autores Brondum-Jacobsen et al.®,
Grandi et al.**, Sokol et al.®> e Wang et al.*®, os niveis
de vitamina D podem atuar como biomarcadores em
pacientes com DCV.
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A principal vitamina D circulante apresenta-se
na forma de 25-hvitamina D. Essa forma circulante
liga-se diretamente ao receptor da vitamina D (VDR)
para exercer os seus efeitos ou pode ser convertida,
no rim, por 1 a-hidroxilase a 1,25-di-hidroxivitamina
D, também conhecida como hormonio calcitriol®”-8,
Deve-se lembrar que o calcitriol atua através da
ligagdo com a VDR, que esta presente no endotélio
vascular, o musculo liso vascular e o miocardio, o
que salienta a possibilidade de um efeito biologico
direto da vitamina D no sistema cardiovascular.
A maioria dos estudos reportam que baixos niveis
de 25-hidroxivitamina D estdo associados a fatores
de risco cardiovascular, como hipertensao, diabetes
e inflamagao.

Acido Urico (AU)

Atualmente, 0 AU € uma das condigdes mais estudadas
em relagdo a HAS. Yanik e Feig® demonstraram
uma associacdo entre hiperuricemia e hipertensdo
arterial, corroborando o uso do nivel sérico como
um biomarcador para o diagndstico.

A formacdo de AU ocorre a partir da quebra de
adenosina e guanina via hipoxantina, que se converte
em xantina e AU por meio da xantina oxidase’.
As reagdes catalisadas por xantina oxidase geram
ROS como subprodutos, como o anion superoxido,
que reage com protons e NO para originar novas ROS.
Estas, por sua vez, promovem lesdo do endotélio
cardiovascular e da microvasculatura’.

Mamas et al.”? ressaltam que a maioria dos
biomarcadores ndo sdo metabdlitos, como as troponinas,
que sdo proteinas. A analise dos metabdlitos dos
fluidos corporais tornou-se uma parte importante do
diagnostico, prognostico e avaliagdo das intervengdes
terapéuticas na aplicagdo clinica, uma vez que o
metaboloma ¢ o produto final a jusante da transcricao
e traducdo, e é, portanto, mais préximo do fendtipo.

Atualmente, intensificou-se a busca por biomarcadores
metabolitos especificos em tecidos e¢/ou biofluidos
corporais, como o uso da ADMA. Esta é naturalmente
um produto do metabolismo humano encontrado
na circulagdo; portanto, inclui-se nos metabolitos
dos fluidos corporais. Assim, os biomarcadores que
podem ser detectados no soro ou plasma sanguineo
ganharam importancia em virtude da sua eficiéncia
em diagnosticar patologias. Contudo, apesar dos
avangos, para Zhao et al.”, ainda existem limita¢des
tecnologicas, incluindo a falta de um método tnico para
a extensa analise de todo o metaboloma, bibliotecas
e bases de dados espectrais limitados, e algumas
desvantagens de software para o processamento de
dados e extra¢do de biomarcadores. Os autores ainda
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destacam a necessidade de encontrar um método razodvel
para analise de metabdlitos que possa substituir ou
complementar o método tradicional de diagndstico.

De acordo com Kessler et al.”*, os recentes avangos
na biologia molecular destacam as possibilidades
de prevengdo e terapia, uma vez que os elevados
rendimentos e as estatisticas de genotipagem
permitiriam, no futuro, a identifica¢do e intervencdo
sobre um /oci gendmico, com o potencial de alterar
o risco de DCV e, consequentemente, aumentar a
prevengao e terapia para os individuos. Isso corrobora
os achados de O’Donnell e Nabel®, que, em estudos
de associagdo do genoma (GWAS), descobriram
loci genéticos associados com DCVs, incluindo
biomarcadores sanguineos.

Segundo Zhao et al.”’, a maioria dos testes clinicos
usam métodos que incluem testes com um Unico
biomarcador, histopatologia e imuno-histoquimica.
Os autores também relatam que os métodos de ensaio
recentes sdo, geralmente, pouco especificos e sensiveis
para uma doenga em particular, ¢ os biomarcadores
tradicionais s6 mudam significativamente apos a lesao
ou disfungao substancial da doenca.

O uso clinico de biomarcadores ¢ prejudicado
em adultos com doenca cardiaca congénita, sendo
o diagnoéstico e o acompanhamento do tratamento
frequentemente baseados em testes de exercicio
cardiopulmonar”. Além disso, sdo usadas categorias
de risco bastante rudimentares, que foram identificadas
ha mais de 50 anos™.

O biomarcador ideal, no geral, precisa apresentar
certas caracteristicas (confiavel, sensivel e especifico
para a doenga), mostrar variagdo minima e expressar
um baixo nivel de base nos individuos saudaveis e um
alto nivel na presenga das doencas. Além disso, um
biomarcador 1til deve ser quantificado por métodos
simples e relativamente baratos com resultados
reprodutiveis em varios laboratorios™.

CONSIDERAGOES FINAIS

Deve-se ressaltar que as DCVs possuem uma
complexa etiologia, envolvendo varios fatores,
interacoes e interrelagdes para promover os mecanismos
fisiologicos. Os esforcos para o desenvolvimento
do diagnodstico se concentram na identificacdo de
biomarcadores, ja que hd uma crescente necessidade
de criar métodos ndo invasivos para avaliar, monitorar
e ajustar a fungdo endotelial e a hipertensao.

Neste artigo, evidenciou-se um conjunto de interagdes
entre a regulacdo, o metabolismo e a determinagdo
dos niveis intracelulares de ADMA e da enzima NOS
ao desempenharem um papel patogénico nas DCVs.



Também foi observado o papel de outros potenciais
marcadores, como a CPE, a troponina T, a vitamina
D e 0 AU. Precisa ser destacado que alguns estudos
indicam os biomarcadores como uma predi¢do
de eventos cardiacos, enquanto outros reportam
que eles contribuem relativamente pouco para a
avaliagdo, especialmente em populagdes de baixo
risco. Outra consideragdo ¢ quanto a especificidade
dos biomarcadores: a sele¢do e combinagdo desses é
essencial devido a correlagdo entre os mecanismos de
acdo, que desperta o interesse da comunidade cientifica
devido a redugdo do risco cardiovascular, podendo ser
uma alternativa para validar o teste devido a pouca
especificidade para o diagnostico da hipertensao.
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Biomarkers of endothelial function in cardiovascular
diseases: hypertension

Biomarcadores de fungdo endotelial em doengas cardiovasculares: hipertensdo

Josynaria Araljo Neves', Josyanne Aratjo Neves', Rita de Cassia Meneses Oliveira’

Abstract

The incidence of systemic arterial hypertension is increasing worldwide. The foundation of prevention is identification
of people with hypertension. Nowadays, biomarkers are used to diagnose and stratify diseases and estimates prognosis.
The objective of this study was to review articles published over the last 5 years on the subject of biomarkers of
cardiovascular diseases. The PubMed, SciELO, Science Direct and MEDLINE databases were searched using the keywords:
arterial hypertension, cardiovascular biomarkers, nitric oxide, endothelial function and asymmetric dimethylarginine.
The studies reviewed show that cardiovascular diseases have complex etiologies. This article describes evidence
demonstrating interactions between nitric oxide and asymmetric dimethylarginine that are involved in regulation, in
metabolism, and in determination of intracellular levels, and also discusses other biomarkers related to hypertension.
Some studies indicate that biomarkers are useful tools for prediction of cardiac events, whereas others state that
they have little to contribute to assessments. Careful selection of tests and combinations of tests may be the key to
validating use of biomarkers, in view of their low specificity for diagnosing hypertension.

Keywords: biomarkers; hypertension; endothelial function; ADMA.

Resumo

Alincidéncia de hipertenséo arterial sistémica esta aumentando mundialmente. Sua prevengao baseia-se na identificagéo
dos hipertensos. Atualmente, biomarcadores sdo utilizados com fins de diagnosticar, estratificar e prognosticar
doencgas. Neste estudo, objetivou-se revisar artigos dos Ultimos cinco anos relacionados a biomarcadores nas doengas
cardiovasculares. Pesquisaram-se dados de PubMed, SciELO, Science Direct e MEDLINE, mediante as palavras-chave:
hipertensdo arterial, biomarcadores cardiovasculares, oxido nitrico, fungdo endotelial e dimetilarginina assimétrica.
Os estudos levantados mostram que as doengas cardiovasculares possuem uma etiologia complexa. Neste artigo,
evidenciaram-se interagdes entre o 6xido nitrico e a dimetilarginina assimétrica na regulagédo, no metabolismo e na
determinagao dos niveis intracelulares, e reviram-se outros biomarcadores relacionados a hipertensao. Alguns estudos
indicam os biomarcadores como uma ferramenta til na predigéo de eventos cardiacos, e outros reportam que eles
contribuem pouco para a avaliagdo. A selecao e combinagao desses pode ser uma alternativa para validar o uso dos
biomarcadores devido a pouca especificidade existente para diagnosticar a hipertensao.

Palavras-chave: biomarcadores; hipertenséo; fungao endotelial; ADMA.
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INTRODUCTION

In view of its dimensions, the risks involved,
and the difficulty of controlling it, systemic arterial
hypertension (SAH) can be considered a severe public
health problem and one that is associated with a high
mortality rate, since it predisposes patients to the
development of cardiovascular diseases (CVDs).!
Cardiovascular diseases affect more than 83.6 million
North Americans and, in Brazil, the Ministry of health
registered 326,000 deaths caused by these disecases
during 2010, corresponding to around 1000 deaths
per day.’

According to Georgiopoulou et al.,’ the incidence of
SAH has increased worldwide. Durande and Gutterman*
state that endothelial cells perform a wide range of
homeostatic functions. It has been suggested that the
combination of vascular endothelial dysfunction and
SAH is related to local and systemic inflammation.’ It is
known that inflammation is a physiological response
to protect against harmful and/or pathogenic stimuli
and that endothelial dysfunction is a proinflammatory
state involving changes to endothelial functions and
that it is associated with SAH, which in turn is a
multifaceted disease.

Free radicals are among the pathological factors
involved, provoking tissue damage and endothelial
dysfunction by disturbing the nitric oxide (NO)
equilibrium, causing elevated oxidative stress, high
proinflammatory cytokine levels (tumor necrosis
factor alpha - TNF-a; interleukins IL-6 and IL-1()
and excessive production of inflammatory chemokines
[macrophage inflammatory protein alpha-1 (MIP-1o)
and monocyte chemoattractant protein-1 (MCP-1)].%7

Systemic arterial hypertension is a pathology that
constitutes a risk factor that is associated with high
rates of morbidity and mortality because it contributes
to exacerbation of other CVDs and kidney diseases.®
As such, SAH is clearly associated with development
of vascular lesions and the emergence of dysfunctions
in target organs such as the brain, heart, blood vessels,
and kidneys.’

Biomarkers are widely employed in clinical
cardiovascular medicine both for diagnosis and
stratification of risk and also for estimating the
prognosis of these pathologies.!® One example of an
application of biomarkers is testing osteoprotegerin
levels in cases of heart failure, which may be related to
SAH as a cause of hypertrophy of the myocardium.!

The objective of this study is to conduct a review
of articles in the scientific literature related to the
subject of SAH and biomarkers. Over the last 10 years,
asymmetric dimethylarginine (ADMA) has emerged
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as a promising cardiovascular biomarker. Therefore,
searches were run for reports relating to plasma
ADMA as a new biomarker of putative cardiovascular
risk, such as in hypertension, and also for reports
describing the contributions made by incorporation
of other models of biomarkers, such as endothelial
stem cells, troponin T, vitamin D, and uric acid.

A review of the current literature was conducted
using bibliographic references published between
2010 and 2015, identified by searching the PubMed,
SciELO, Science Direct, and MEDLINE databases,
using the following keywords and combinations of
them: arterial hypertension, cardiovascular biomarkers,
nitric oxide, endothelial function, and asymmetric
dimethylarginine. Searches were run for these terms
in both Portuguese and in English.

ARTERIAL BLOOD PRESSURE AND
HYPERTENSION

Arterial blood pressure (BP) can be defined as the
force exerted by the blood against a given unit of
area of the vascular wall. This pressure is generated
by the heart and it is the force (potential energy) that
enables blood flow and tissue perfusion. Blood flow
through the circulation provides organs and tissues
with oxygen according to need and removes the
metabolites produced by cell activity. Maintenance
of an appropriate blood pressure is therefore of
fundamental importance for the circulatory system
to function well.

Understanding the pathophysiology of SAH
requires an understanding of the mechanisms that
control BP, which is regulated by activities that are
integrated between the cardiovascular, renal, neural,
and endocrine systems, and by physical factors
such as the force of the heart’s contractions and the
elasticity of the major thoracic arteries. According
to Franceschini et al.,* maintenance of BP within the
normal range is dependent on variations in cardiac
output and peripheral resistance, with countless
substances and physiological systems interacting in
a complex manner to guarantee adequate BP levels
in a diverse range of scenarios.

Systemic arterial hypertension is a circulatory disorder.'
This multifactorial clinical condition is associated
with metabolic and functional/structural abnormalities
of target organs (heart, kidneys, and blood vessels),
characterized by sustained elevated BP levels, generally
above the target levels (systolic pressure > 140 mmHg
and/or diastolic pressure > 90 mmHg).'>!* Systemic
arterial hypertension, or elevated BP, is recognized as
an important risk factor for cardiovascular morbidity

J Vasc Bras. 2016 July-Sept; 15(3):224-233 225



Biomarkers for hypertension

and mortality,">!® even when patients are taking
antihypertensive medications.

The literature lists certain environmental factors that
have been linked with progression and complications of
cardiovascular pathologies, including smoking, obesity,
inactivity, and others. The combinations of these factors
in people with hypertension appear to vary with age,
physical inactivity, hyperglycemia, and dyslipidemia,
while obesity increases the prevalence of associations
with multiple risk factors.'* Lima et al.'” conducted
a study of Brazilian myocardial revascularization
patients and concluded that arterial hypertension,
obesity, and inactivity were the most common factors
and that 79.5% of the patients exhibited at least
three risk factors. It has also been observed that the
factors that provoke changes to BP are emerging in
ever-younger age groups.'®

Nobre et al.'? point out that the genesis of hypertension
encompasses genetic, environmental, vascular, and
neural elements. Hyperactivity of the sympathetic
nervous system has been proposed as an important
mechanism of hypertension and CVD.?

Social determinants, such as urbanization, income,
aging, and education, influence development of the
pathology.!? As a result, national and international
guidelines for prevention of SAH recommend lifestyle
changes, and this approach has gained support over
recent years as survival of patients with chronic
diseases has increased.'

The vascular endothelium plays a role in the
pathophysiologic mechanisms leading to SAH.

ENDOTHELIUM AND PATHOPHYSIOLOGIC
CHANGES

In physiological conditions, endothelial cells are
controlled by hemodynamic factors such as BP and
blood flow, leading to responses that are dependent
on production of chemical mediators and that result in
changes to blood flow.?! These cells play a fundamental
role in regulation of vascular tone by synthesis and
release of relaxation and contraction factors involved
in cardiovascular homeostasis.”

According to Days et al.,”* the most important
endothelium-derived relaxation factors are NO,
endothelium-derived hyperpolarizing factor (EDHF),
and prostacyclin (PGI2). The principal contractile
factors are prostaglandin H2 (PGH2), thromboxane
A2, angiotensin II (Ang II), reactive oxygen species
(ROS), and endothelin (ET-1).

Endothelium is an organ with multiple functions.
Endothelium’s ability to modulate the vascular lumen
by regulating vascular tone (controlling local dilation
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and contraction) or by releasing vasoactive factors is
one of the primary responses to physiological stimuli
generated by blood flow and blood pressure.?**’

In hypertension, the complex mechanism that
raises BP via NO deficiency involves increase of
sympathetic system tone, of the renin-angiotensin
system (RAS), and of oxidative stress.”®? All cells,
including endothelial cells, have complex enzymatic
and non-enzymatic antioxidants systems that act in
synergy to defend the organism from damage caused
by free radicals.*

Nitric oxide is an inorganic, gaseous, highly
reactive free radical that is produced by oxidation
of the amino acid L-arginine, which is converted
into L-citrulline.”® Nitric oxide is generated from
L-arginine by endothelial NO-synthase in the presence
of cofactors. Once produced, it diffuses to vascular
smooth muscle cells and activates guanylate cyclase
(GC), which results in vasodilation mediated by
release of the second messenger cyclic guanosine
monophosphate (¢cGMP) and activation of G-dependent
protein kinase, resulting in a reduction in intracellular
calcium concentration, followed by vasorelaxation.
In addition to this activity, NO has many other functions
that take part in regulation of transcription of genes,
translation of mRNA, and protein modification of
several enzymes involved in mitochondrial respiration,
in mitogenesis, and in growth.*! The NO and cGMP
signaling system is a well-characterized modulator
of cardiovascular function in general and of BP in
particular®? (Figure 1).

There are three isoforms of the enzyme responsible
for nitric oxide synthesis (NOS). The neuronal
form (nNOS), found in neurons and activated by
calcium, the inducible form (iNOS), stimulated by
inflammatory cytokines, microbial products, and
mechanical disturbance,* and the enzyme endothelial
nitric oxide synthase (eNOS), located on chromosome
7 (7q35-36) are responsible for synthesis of NO in
the circulation, with vasoprotective and vasodilatory
capacities.** In addition to inhibiting proliferation
of smooth muscle cells, they prevent recruitment,
adhesion, and differentiation of inflammatory cells,
platelet aggregation, and production of thrombogenic
thromboplastin.?!-3

The activity of eNOS and nNOS is dependent on
the calcium/calmodulin complex (Ca?’CaM). As such,
it is controlled by variations in the concentration of
intracellular calcium, which is an important cytoplasmic
signaler. In contrast, iNOS is independent of increases
in intracellular Ca?" concentrations, according
to Forsterman and Sessa,’! and it is expressed in
abnormal cellular processes induced and/or stimulated



Josynaria Araljo Neves, Josyanne Araljo Neves et al.

~

L-arginine

f Endothelium

L-citrulline + NO N ADMA
i
NO DDAH
l L-citrulline

Endothelial dysfunction

| )

N0, (ROS) — Vascular dysfunction
CONTRACTION

Smooth Muscle

\

Recruitment, adhesion, differentiation of
inflammatory cells

Platelet aggregation

Thrombogenic tissue factor

—No

RELAXATION

GC

!

= N cGMP

N Ca”
RELAXATION

Figure 1. Endothelial signaling and mechanism of relaxation or contraction of smooth muscle. eNOS: endothelial nitric oxide synthase
enzyme; NO: nitric oxide; GC: guanylate cyclase; cGMP: cyclic guanosine monophosphate; Ca**: calcium ions; ECE: endothelin
conversion enzyme; ET-T:endothelin 1; ETA, ETB: receptors for endothelins — ETA and ETB in vascular smooth muscle cells; O ; free
radicals; ROS: reactive oxygen species; ADMA: asymmetric dimethylarginine; DDAH: dimethylarginine dimethylaminohydrolase.

by cytokines, inflammatory agents, and mechanical
disturbance, resulting in elevated NO flow.?3*

BIOMARKERS OF NO/ADMA

Defects of endothelial function and of NO production
have been linked with atherosclerosis, hypertension,
diabetes, obesity, inactivity, smoking, advanced age,
low bioavailability of L-arginine, and presence of
infectious agents.>

Studies with metabolites of NO, such as nitrite/nitrate
(NOx), show that they act as monitors of the state
of health of patients with CVDs and can be used as
biomarkers in clinical settings.’’” Rajendran et al.*®
provided further support for this approach, assessing
endothelial function in terms of circulating endothelial
biomarkers measured in plasma because there are
many attractive candidates for endothelial biomarkers.
However, they also pointed out that for many
pathologies these molecules offer weak selectivity
and specificity and so if they are used individually
they have little predictive value.

Considering that production of NO has been
associated with low bioavailability of L-arginine,*
and that this substrate is an analog of ADMA, studies
have suggested that the L-arginine/ADMA ratio has
a direct impact on bioavailability of NO.* According

to Sharma et al.,*” the L-arginine/ ADMA ratio in
plasma from healthy people is approximately 100:1.
However, in a pathophysiologic situation, ADMA
exhibits higher concentrations when compared to
L-arginine and so ADMA may act to competitively
inhibit eNOS, since it prevents formation of NO and,
consequently, reduces synthesis of this substrate.*!
Elevated ADMA levels may therefore inhibit NO
synthesis, compromising endothelial function.

High plasma ADMA levels have been reported in
patients with vascular risk factors and have a high
predictive value for cardiovascular and cerebrovascular
events, while Nishiyama et al.** identified ADMA as
a biomarker of arterial hypertension. The results of
this bibliographic review lead to the conclusion that
there have not been enough studies of the effects of
intracellular ADMA levels on hypertension in the
last 5 years.

Studies have also revealed that elevated/high ADMA
levels reduce the participation of NO in regulation
of vascular tone by acting to directly inhibit eNOS
and to reduce its bioavailability by increasing the
production and release of ROS by activation of the
RAS, leading to vascular dysfunction in isolated
arterial vessels in vitro.*!

There is evidence to suggest that the imbalance
in NO and ROS levels (reduced and increased,
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respectively) activates the sympathetic nervous system,
which is a mechanism that appears to be involved in
the neurogenic aspects of hypertension.** Therefore,
ADMA could be used as a biomarker, indicating a
reduction in the bioavailability of NO.¥

BIOSYNTHESIS OF ADMA

The substrate ADMA is formed after proteolysis
of proteins containing methylated residues of
arginine. This methylation is facilitated by the
enzyme methyltransferase (PRMTs), which uses the
S-adenosylmethionine (SAM) protein as the methyl
donor group.* It is known that there are two types
of PRMTs, differentiated according to their specific
catalytic activity: type | catalyzes formation of
ADMA and NG-monomethyl-L-arginine (L-NMMA);
while type 2 catalyzes formation of symmetrical
dimethylarginine (SDMA) and L-NMMA (Figure 2).

Currently, there is interest in degradation of
ADMA by dimethylarginine dimethylaminohydrolase
(DDAH),* which is constituted by two isoforms
(DDAH-1 and DDAH-2). Degradation of ADMA
by the enzymatic isoform DDAH-1 takes place in
tissues*® and it has been suggested that modulation
of DDAH-1 activity by agonists of the farnesoid X
receptor (FXR), for example -(2,6-dichlorophenyl)-
4-(3’-carboxy-2-chlorostilben-4-yl) oxymethyl-5-
isopropylisoxazole (GW4064), could be used as a

L-arginine
SAM==1 Methylation

SAH PRMT1

dimethyl-L-arginine

proteolysis

v
RAS €—ADMA/L-NMMA

L-arginine + eNOS ADMA +eNOS

ROS

NO NO

Figure 2. ADMA pathway and its relationship with NO. ADMA:
asymmetric dimethylarginine; SAM: S-adenosylmethionine;
SAH: S-adenosylhomocysteine hydrolase; PRMT1: enzyme
methyltransferase type 1; SDMA: symmetrical dimethylarginine;
LNMMA: NG-monomethyl-L-arginine; RAS: renin-angiotensin
system; ROS: reactive oxygen species; eNOS: endothelial nitric
oxide synthase enzyme; NO: nitric oxide synthesis.
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therapeutic target in treatments for congestive heart
failure and other CVDs.#

According to Caplin et al.,* 80 to 90% of ADMA
is primarily metabolized by DDAHs. There is an
alternative route via alanine-aminotransferase
2 glyoxylate (AGXT2) in the kidneys.* Since ADMA
accumulates in plasma, it could be considered a
pathophysiologic cofactor in cardiovascular and
kidney diseases.

According to Davids et al.,” it should be borne
in mind that in some cases the levels of ADMA in
circulation do reflect intracellular concentrations.
However these levels are not in equilibrium.*!

According to Nemeth et al.,** elevated ADMA
levels in the pericardial liquid of cardiac patients
may be indicative of important pathophysiologic
mechanisms, such as reduction in bioavailability
of NO, contributing to the development of cardiac
hypertrophy and remodeling. These authors therefore
propose that analysis of this liquid could be used
as a diagnostic tool because of interference in the
content and effects of pericardial liquid, opening up
new treatment options to beneficially modify cardiac
function and structure.

It is known that ADMA has been identified as a
risk factor of endothelial dysfunction acting in several
different cardiovascular diseases, accelerating their
progression.’? Recent studies in patients with chronic
kidney disease (CKD) suggest that there is a relationship
or association between ADMA levels and fibroblast
growth factor 23 (FGF-23), and also a relationship
with markers of endothelial cell damage.’*>

Several different studies have assessed conventional
and innovative biomarkers for prediction of cardiovascular
events. Reriani et al.*® point out that there is a need
to evaluate the utility of putative biomarkers for
evaluation of cardiovascular risk, when compared
with endothelial function, because of the small
additional value offered by these biomarkers when
compared with conventional risk factors. There is
speculation that the biomarkers in these studies may
only have a minimal role to play in stratification of
cardiovascular risk.

OTHER BIOMARKERS

Table 1 shows a list of some well-known biomarkers.
According to Hirata et al., many different markers
have been cited in the literature on vascular endothelial
dysfunction, including insulin, adiponectin, vasodilators
(nitrite and nitrate), and vasoconstrictors (ROS,
endothelin, thromboxane A2). Some of the studies
reviewed for this article were focused on endothelial
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Table 1. Some of the markers assayed exhibited relationships with cardiac risk.

Category Biomarker Effects
-Provokes endothelial dysfunction by direct suppression of NO
CRP* production’
. -Activation of the RAS*
(protein)

Vascular inflammation

-Increased CRP levels have been associated with increased risk of hyper-

tension

IL-65, IL-11, TNF-of, MCP-1**
(cytokine)

-1L-6 has a positive correlation with systolic and diastolic pressures
-Concentrations of IL-6 and CRP coincide with increased BMI', elevated

lipids and other risk factors related to atherosclerosis

BNP* and NT-proBNP*

Myocardial stress
(neuro-hormone)

-Ventricular dilatation and pressure overload on the myocardial wall
-Increased glomerular filtration rate

-Increased excretion of water and sodium

Oxidative stress and

R Homocysteine
renal function

-Increased plasma homocysteine as a marker of cardiovascular risk as-
sociated with age, cholesterol and hypertension

-Inhibitor of serine protease produced by endothelial cells

Fibrinolytic potential PAI-11ll

-Increased levels of PAI-1 in hypertensive people caused by induction of

shear stress and/or endothelial activation

* CRP: Creactive protein. + NO: nitric oxide. ¥ RAS: renin-angiotensin system. § IL-6: interleukin-6. || IL-1: interleukin-1. § TNF-o: tumor necrosis factor-a.
** MCP-1: monocyte chemoattractant protein-1. +1 BMI: body mass index. ¥ BNP: natriuretic peptide type B. §§ NT-proBNP: pro-BNP. |[|| PAI-1: plasminogen

activator inhibitor 1.

function and investigation of other possible biomarkers.
These are described in the following subsections.

Endothelial Stem Cells (ESCs)

Endothelial stem cells are mononuclear cells
that express a combination of endothelial markers
(VEGFR2) and progenitors (CD34/CD133) and have
a high proliferative capacity. They can be isolated
from peripheral blood, bone marrow, and umbilical
cord blood. There is no single specific marker that
can be used to identify the cells and currently the
most widely accepted method is coexpression of the
markers CD133, CD34 and VEGFR2. While these
markers are not exclusive to ESCs, their presence
in combination is characteristic of a specific type
of progenitor cell at a specific stage of maturity.>”*®

It has been found that ESCs help in endothelial
repair processes and the formation of new vessels,
which makes them candidates to be used as markers
of cardiovascular health.

Troponin T (hs-cTnT)

McEvoy et al.* conducted an assessment of the
sensitivity of troponin T (hs-¢TnT), which is a marker
of subclinical myocardial injury that could possibly
identify individuals at risk of hypertension or left
ventricular hypertrophy. They concluded that hs-cTnT
was associated with the incidence of hypertension and
with risk of left ventricular hypertrophy in a clinical
population with no history of CVD. However, they
emphasized the need for further research to determine

whether hs-cTnT could identify, and benefit clinical
screening of, BP or hypertension.

Authors such as Bugnicourt et al.®* and Tu et al.®!
have demonstrated that Troponin concentrations
could predict a new onset of atrial fibrillation, since
they are independently associated with worse clinical
outcomes due to severe adverse cardiac events.
The exact mechanism by which atrial fibrillation
leads to elevated hs-TN is not fully understood and
further studies are needed. However, biomarkers such
as hs-TNI or hs-TNT are easy to handle and impose
lower financial costs.

Use of hs-TN could identify patients at very high
risk and, consequently, allow them to be allocated
special treatment with a greater degree of control and
definition of stricter limits of possible risk factors,
such as BP, high cholesterol, and diabetes mellitus.®
It is known that hs-TNI levels are very sensitive for
identification of damage to tissues in the heart.

Vitamin D

The effects of vitamin D on calcium homeostasis
and bone metabolism have received a great deal of
emphasis in the literature. However, more recent
studies have reported that it is associated with
several different health problems, including effects
on cardiovascular health, since vitamin D can interact
with many different mechanisms.

According to the authors Brondum-Jacobsen et al.,*
Grandi et al.,* Sokol et al., and Wang et al.,* vitamin
D levels can be used as biomarkers in patients with
CVDs.
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The principal vitamin D in circulation is in the
form of 25-hydroxyvitamin D. This circulating form
binds directly to the vitamin D receptor (VDR) to
exert its effect, or it can be converted in the kidneys
by 1 a-hydroxylase to 1.25-dihydroxyvitamin D,
also known as the hormone calcitriol.®”¢® It should
be remembered that calcitriol acts by binding with
VDR, which is found in the vascular endothelium,
vascular smooth muscle, and the myocardium, which
raises the possibility of a direct biological effect of
vitamin D in the cardiovascular system. The majority
of studies report that low levels of 25-hydroxyvitamin
D are associated with cardiovascular risk factors such
as hypertension, diabetes, and inflammation.

Uric Acid (UA)

Uric acid is currently one of the areas of greatest
interest in research related to SAH. Yanik and Feig®
have demonstrated an association between hyperuricemia
and arterial hypertension, providing a basis for using
serum levels as a biomarker for diagnosis.

Uric acid is formed by breakdown of adenosine and
guanine via hypoxanthine, which is converted into
xanthine and UA by xanthine oxidase.” The by-products
of reactions catalyzed by xanthine oxidase include
ROS such as the superoxide anion, which reacts with
protons and NO to generate new ROS. These, in turn,
provoke damage to the cardiovascular endothelium
and microvasculature.”!

Mamas et al.”> point out that the majority of
biomarkers are not metabolites, like the troponins,
which are proteins. Analysis of the metabolites in
bodily fluids has become an important part of diagnosis
and of estimation of prognosis and assessment of
therapeutic interventions in clinical applications, since
the metabolome is the final product, downstream of
transcription and translation, which means that is
more closely related to phenotype.

Currently, the search for biomarkers in the form of
specific metabolites in tissues and/or bodily fluids is
very intense. One such, ADMA, is naturally a product
of human metabolism that is found in circulation and
is therefore one of the metabolites found in bodily
fluids. Biomarkers that can be detected in blood serum
or plasma have gained importance because of their
efficacy for diagnosis of pathologies. However, despite
all of the advances that have been made, Zhao et al.”?
point out that there are still technological limitations,
including the lack of a single method for extensive
analysis of the entire metabolome, limited spectral
libraries and databases, and certain disadvantages
of the software available for processing data and
extracting biomarkers. The same authors also point
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to the need to find a reasonable method for analysis
of metabolites that could substitute or complement
the traditional method of diagnosis.

According to Kessler et al.,”™ recent advances in
molecular biology have highlighted the possibilities
for prevention and treatment, since the high yields
and the statistics of genotyping will, in the future,
enable identification of, and intervention in, specific
genomic loci with the potential to change the risk
of CVD and, consequently, increase prevention and
treatment options for individual people. This is in line
with findings published by O’Donnell and Nabel,”
who conducted genome-wide association studies
(GWAYS), discovering genetic loci associated with
CVDs, including biomarkers in the blood.

According to Zhao et al.,” the majority of clinical
tests use methods that include tests with a single
biomarker, histopathology, and immunohistochemistry.
The same authors also state that recent assay methods
are generally of low specificity and sensitivity for a
given disease in particular and that the traditional
biomarkers only change significantly once the disease
has caused substantial damage or dysfunction.

Clinical use of biomarkers is compromised in
adults with congenital cardiac disease and diagnosis
and follow-up of treatment are commonly based on
tests of cardiopulmonary exercise.”” Additionally, the
risk categories employed are very rudimentary and
were identified more than 50 years ago.”™

In general, the ideal biomarker should offer certain
characteristics (reliability, sensitivity, and specificity
for the disease), should exhibit minimal variation and
should have a low baseline level in healthy people and
a high level in the presence of diseases. Additionally, a
useful biomarker should be quantifiable using simple
and relatively inexpensive methods with results that
are reproducible in many different laboratories.™

FINAL COMMENTS

It should be stressed that CVDs have complex
etiology, involving many different factors, interactions,
and interrelations, that in combination provoke
the physiological mechanisms. Efforts to develop
diagnostic methods are concentrating on identification
of biomarkers, since there is a growing need for
noninvasive methods to evaluate, monitor, and adjust
endothelial function and hypertension.

In this review evidence was compiled showing
a large number of interactions between regulation,
metabolism, and determination of intracellular levels
of ADMA and of the NOS enzyme that play pathogenic
roles in CVDs. Evidence was also identified showing



that other potential markers, such as ESCs, troponin T,
vitamin D, and UA, also play roles in these processes.
It should be stressed that while some of the studies
reviewed indicate that biomarkers have potential for
prediction of cardiac events, others state that they
contribute relatively little to assessments, especially
in low-risk populations. Another issue identified is
related to the specificity of biomarkers: it is essential
to select and combine them because of the correlations
between mechanisms of action, and this has attracted
the interest of that section of the scientific community
that is focused on reduction of cardiovascular risk,
since it could be a viable option for validating these
tests, in view of their low specificity for diagnosis
of hypertension.
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