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MACEDO, Carolina Thé. Avaliacdo da eficicia da terapia com g-csf para a melhora dos
sintomas em pacientes portadores de cardiomiopatia chagasica crénica: ensaio clinico fase ii,
prospectivo, bicéntrico, duplo-cego, randomizado e controlado por placebo. 2020. 119 f. Tese
(Doutorado em Biotecnologia em Saude e Medicina Investigativa) — Instituto Gongalo Moniz,
Fundagéo Oswaldo Cruz, Salvador, 2020.

RESUMO

INTRODUCAO: A cardiomiopatia chagésica cronica (CCC) é uma condicdo clinica
potencialmente fatal, sendo responsavel pela maior parte da morbimortalidade da doenca de
Chagas crénica.. Apesar do mecanismo fisiopatogénico Unico, o tratamento padrdo da CCC é
semelhante ao esquema terapéutico para insuficiéncia cardiaca (IC) de outras etiologias. Sendo
uma doenca negligenciada, uma nova abordagem terapéutica é de extrema necessidade, e o
reposicionamento de medicamentos ja usados na pratica clinica é uma estratégia de pesquisa
muito usada atualmente por ser considerada mais rapida e potencialmente eficaz para o
desenvolvimento de um novo tratamento. Estudos anteriores mostraram que o fator estimulador
de coldnias de granuldcitos (G-CSF) melhora a funcdo cardiaca em modelos animais de CCC
e também em ensaios clinicos de IC de outras etiologias. Nesse estudo, realizamos um ensaio
randomizado duplo-cego controlado por placebo com objetivo de avaliar a eficacia e a
seguranca da terapia com G-CSF com o0 uso concomitante de terapia padrdo para IC em
pacientes com CCC. METODOS: Na Bahia, Brasil, foram incluidos 37 pacientes com
cardiomiopatia chagasica, idade entre 20 e 75 anos, classe funcional 1l a IV da New York Heart
Association (NYHA) e fracdo de ejecdo do ventriculo esquerdo (FEVE) < 50%. Todos os
pacientes receberam tratamento padréo para IC por dois meses antes da randomizacao para o
grupo G-CSF (10 mcg / kg / dia) ou placebo, ambos associados a manutencdo do tratamento
para IC. O desfecho primario foi a estabilizacdo ou melhora da classe funcional desde o inicio
até 6 e 12 meses apOs o tratamento. A analise estatistica foi por intencdo de tratar.
RESULTADOS: As caracteristicas basais dos pacientes foram bem equilibradas entre os
grupos. A maioria dos pacientes apresentava insuficiéncia cardiaca em classe Il da NYHA
(86,4%) e, em ambos 0s grupos, uma média baixa de FEVE (32% % 7 no grupo G-CSF e 33%
+ 10 no grupo placebo). A frequéncia do desfecho priméario em 6 meses foi de 78% vs 66% (p:
0,47) e aos 12 meses foi de 68% vs 72% (p: 0,80) nos grupos placebo e G-CSF, respectivamente.
Em relacgdo ao perfil de seguranca, 0 G-CSF foi seguro, sem qualquer adverso grave relacionado
ao tratamento teste e nenhuma diferenca na mortalidade em comparacao com o grupo placebo.
Embora a analise exploratdoria dos desfechos secundarios ndo tenha sido estatisticamente
significativa, 0 consumo maximo de oxigénio (VO2 max) mostrou uma tendéncia de melhora
no grupo G-CSF aos 12 meses. CONCLUSAO: A terapia com G-CSF no CCC é segura e bem
tolerada, porém sua eficidcia na prevencdo da progressdo dos sintomas ndo pOde ser
demonstrada pelo presente estudo.

Palavras-chave: Doenca de Chagas, Cardiomiopatia chagasica, Fibrose, Imunomodulacéo,
G-CSF.



MACEDO, Carolina Thé. Efficacy and Safety of G-CSF Therapy in Chagas Cardiomyopathy:
A Phase Il Double-Blind, Randomized, Placebo-Controlled Clinical Trial. 2020. 119 f. Tese
(Doutorado em Biotecnologia em Saude e Medicina Investigativa) — Instituto Gongalo Moniz,
Fundacao Oswaldo Cruz, Salvador, 2020.

ABSTRACT

BACKGROUND: Chronic Chagas cardiomyopathy (CCC) is a life-threatening clinical
condition, resulting in most of the morbidity and mortality caused by the protozoan
Trypanosoma cruzi infection. Despite of having a unique physio pathogenic mechanism, CCC
standard treatment is the same than any other heart failure (HF) syndromes. As for any
neglected diseases, a new therapeutic approach is of utmost need, and drug repurposing is the
quickest research and development strategy to deliver a new treatment. Previous studies showed
that granulocyte-colony stimulating factor (G-CSF) improves heart function in a model of CCC.
Herein we report the interim results of a double-blind, placebo controlled randomized trial to
evaluate the efficacy and safety of G-CSF therapy with concomitant use of standard heart failure
therapy in patients with CCC. METHODS: In the state of Bahia, Brazil, 37 patients with
Chagas cardiomyopathy, age between 20 and 75 years, New York Heart Association (NYHA)
functional class II to IV and left ventricular ejection fraction (LVEF) of < 50% were included.
All patients received standard HF treatment for two months before randomization to either G-
CSF (10 mcg/kg/day) or placebo group, both associated with HF treatment. The primary end
point was either maintenance or improvement of NYHA class from baseline to 6 and 12 months
after treatment and intention to treat analysis was used. RESULTS: Overall, baseline
characteristics were well balanced between groups. Most of the patients had NYHA class 1l of
heart failure (86.4%) and, in both groups, low mean LVEF (32% +7 in G-CSF group and 33%
+10 in placebo group. Frequency of primary endpoint at 6 months was 78% vs 66% (p:0.40)
and at 12 months was 68% vs 72% (p:0.8) in placebo and G-CSF groups, respectively
.Regarding safety profile, G-CSF was safe, without any serious adverse event related and no
difference in mortality compared with placebo group. Although exploratory analysis of
secondary endpoints were not statistically significant at 12 months, maximal oxygen
consumption (VO2 max) showed a tendency for improvement in G-CSF group.
CONCLUSION: G-CSF therapy in CCC is safe and well tolerated, however it’s efficacy in
preventing symptom’s progression could not be demonstrated by the present study.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier:
NCT02154269

Keywords: Chagas disease; cardiomyopathy; G-CSF; Fibrosis; Immunomodulation therapy
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1. INTRODUCAO

A doenga de Chagas (DC) é uma doenca parasitaria que afeta mais de 21 paises nas
Américas, atingindo 6 milhGes de pessoas e apresentando cerca de 30 mil casos novos por ano
na regido até o ano de 2019 (PAN AMERICAN HEALTH ORGANIZATION, 2019a). Esta
doenca é responsavel por grande impacto na saude publica do Brasil. Entre os anos de 2000 a
2010, o total de anos potenciais de vida perdidos devido a esta doenga foi de 7 milhdes de anos,
sendo 9% deste total devido a anos de vida perdidos e 91% a anos de vida com incapacidade
(BRASIL.MINISTERIO DA SAUDE, 2019a).

A DC caracteriza-se por uma fase aguda, na maioria das vezes assintomatica ou
oligossintomética, e uma fase cronica, sendo esta ultima dividida em forma indeterminada,
forma cardiaca e forma cardio-.digestiva. A maioria dos pacientes permanecem na forma
indeterminada ao longo da vida, sendo que apds cerca de 10 a 30 anos, 30% destes podem
evoluir para a forma cardiaca da doenca, responsavel pela maior morbi-mortalidade entre todos
0s tipos descritos (RASSI et al., 2010).

A cardiopatia chagasica cronica (CCC) atinge cerca 1.5 milhGes de pessoas no mundo
e acarreta cerca de 12.000 mortes por ano (RASSI; MARIN-NETO, 2010). Dentre as
cardiopatias ndo isquémicas, a cardiopatia chagasica € uma das principais causas de
insuficiéncia cardiaca na América Latina e no Brasil(DE ALBUQUERQUE et al., 2015).
Adicionalmente, a CCC possui pior prognéstico do que as de outras etiologias, incluindo a
hipertensiva, idiopéatica e isquémica, sendo a presenca da DC um preditor independente de
mortalidade em portadores dessa doenca (CARLOS PINTO DIAS et al.,, 2016; RASSI,
MARIN-NETO, 2010).

A terapia anti-Trypanosoma cruzi para a DC ndo é totalmente eficaz na fase aguda e, na
fase crbnica, ndo ha evidéncia que esta terapia controle a progressao para cardiopatia
(MORILLO et al., 2015b).

A fase cronica da DC pode evoluir assintomética por anos. Quando a CCC se manifesta
como insuficiéncia cardiaca, o tecido miocardico ja se apresenta disfuncional e remodelado
ap6s um longo periodo de inflamagdo cronica associada a mecanismos imuno-mediados
relacionados a presenca do parasita, além de reacdes imunoldgicas. Nesta fase, 0 miocardio
apresenta infiltrado inflamatdrio importante e fibrose de distribuicdo difusa. O tratamento
disponivel consiste na terapia padrdo para insuficiéncia cardiaca, arritmias e eventos

tromboembdlicos, que pouco interfere no processo inflamatorio e/ou na carga parasitaria. O
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transplante cardiaco, necessario em muitos casos, ndo € uma opcao viavel para a maioria dos
pacientes com CCC devido a elevada demanda e pouca disponibilidade de 6rgdos, além de
acarretar uma série de problemas relacionados a reativacdo da doenca de Chagas e a
imunossupressao (PINTO DIAS et al., 2016).

Portanto, novas terapias sdo necessarias para evitar ou retardar a progressdo da CCC. O
uso de citocinas que modulem os processos inflamatdrios relacionados a evolucdo da doenga
pode se constituir em uma alternativa importante para o tratamento desta doenca.

O fator estimulador de col6nias de granuldcitos (G-CSF) € uma citocina ja conhecida,
segura e usada na pratica clinica para mobilizacdo de neutr6filos em casos de neutropenia e
para mobilizacdo de células tronco (CT) da medula 6ssea em protocolos de transplante de
medula 6ssea (BOOZ, 2007; GASCON et al., 2018).

Estudos em modelos animais de DC demonstraram que esta citocina possui potencial
efeito de imunomodulagdo através da capacidade de mobilizacdo e recrutamento de células-
tronco da medula éssea e linfocitos T regulatorios, além da reducdo de citocinas pro-
inflamatorias como o TNFa e IFN gama (SILVA et al., 2018). Adicionalmente, sua aplicagdo
acarretou na reducdo de arritmias, fibrose miocardica e carga parasitaria no coragdo
(MACAMBIRA et al., 2009; VASCONCELOS et al., 2013).

O potencial efeito benéfico do G-CSF no coracdo também foi demonstrado em estudos
de cardiopatias de diversas etiologias, reduzindo do infiltrado inflamatério e fibrose miocardica
(D’AMARIO et al., 2018; THEISS et al., 2013).

Dentro deste cenario descrito, desperta grande interesse uma possivel acdo do uso do G-
CSF no quadro clinico de pacientes portadores de CCC ja em uso de terapia padrdo para
insuficiéncia cardiaca. Para tanto, esta tese teve como objetivo investigar se o uso do G-CSF
influencia no quadro clinico de pacientes portadores de CCC ja em uso de terapia padréo para
insuficiéncia cardiaca.

Considera-se a relevancia da investigacdo dessa questdo pela perspectiva de que sua
possivel confirmacdo poderia fornecer importante auxilio ao tratamento da CCC, reduzindo
sintomas, com consequente melhoria da qualidade de vida, reducdo do nimero de internacbes
hospitalares e dos custos para o sistema publico de saude com beneficios diretos para a

sociedade brasileira.
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2. FUNDAMENTACAO TEORICA

2.1. DOENCA DE CHAGAS

2.1.1. Aspectos gerais

A doenca de Chagas (DC) é uma antropozoonose causada pelo parasita flagelado
Trypanosoma cruzi, apresentando curso clinico bifasico com fase aguda e fase cronica, sendo
estas sintomaticas ou ndo. Durante a fase cronica, pode se manifestar nas forma indeterminada,
cardiaca, digestiva e cardiodigestiva ( BRASIL.MINISTERIO DA SAUDE, 2019a).

Acredita-se que o parasito que causa a doencga de Chagas esteja presente no continente
americano ha varios milénios, sendo o ciclo silvestre bem mais antigo que o doméstico. A
pesquisa de acido desoxirribonucléico (DNA, desoxyribonucleic acid) do T. cruzi, através da
reacdo de polimerase em cadeia (PCR) em fragmentos de tecidos humanos obtidos de mimias
de nove mil anos a.C., descobertas no deserto de Atacama, regido sul do Peru e norte do Chile,
mostrou-se positiva em 40% das amostras analisadas (AUFDERHEIDE et al., 2004). Estudos de
paleoepidemiologia mostram que houve uma evolucao do parasito a partir de ancestrais comuns
com tripanosomas australianos, existentes antes da separacdo dos continentes, ha cerca de 230
milhdes de anos (ORREGO; QUINTANA, 2007).

A DC é uma morbidade que afeta mais de 21 paises nas Américas, atingindo 6 milhdes
de pessoas e apresentando cerca de 30 mil casos novos por ano na regido até o ano de 2019 (PAN
AMERICAN HEALTH ORGANIZATION, 2019a).

Antigamente confinada aos paises das américas Central e do Sul, nos dltimos anos, devido
ao processo de migracdo global, estima-se que aproximadamente 300.000 norte-americanos e
100.000 europeus foram infectados pelo T. cruzi (BERN et al., 2011; BERN; MONTGOMERY,
2009).

Estima-se que mais de 80% da populacdo de infectados pelo T. cruzi no mundo néo
possuem acesso ao diagnostico na fase inicial da doenca e, mesmo em casos detectados na fase
cronica, menos de 1% destes sdo tratados. Este conjunto de fatores leva a progressdo da doenca
para formas mais graves quando o tratamento é limitado, elevando o seu impacto na

morbimortalidade da populacéo e nos custos para a satde publica (PINTO DIAS et al., 2016).
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Estudo sobre a carga da CCC no Brasil demonstrou que, entre os anos de 2000 a 2010, o total
de anos potenciais de vida perdidos (DALYS) foi de de 7.402.559 anos, sendo 9% deste total
devido a anos de vida perdidos e 91% a anos de vida com incapacidade BRASIL.MINISTERIO
DA SAUDE, 2019a).

No Brasil, casos suspeitos DC aguda devem ser imediatamente notificados em menos de
24 horas aos 6rgdos de salde responsaveis. Mais recentemente, também casos crénicos se
tornaram de notificacdo compulsoria ap6s a publicacdo da Portaria n. 264 17/02/2020 do
Ministério da Saude, o que facilitara a obtencao, no futuro, de uma estimativa mais acurada da
prevaléncia da DC no nosso pais ( BRASIL.MINISTERIO DA SAUDE, 2020).

Como exemplo ilustrativo, no estado da Bahia foram notificados 498 casos suspeitos de

DC aguda de 2014 a 2019, conforme demonstrado na tabela 1.

Tabela 1: Numero de casos notificados de DC aguda na Bahia.

Macrorregido Residéncia | 2014 2015 2016 2017 2018 2019 Total
Centro-Leste - 11 7 6 16 7 47
Centro-Norte - 2 16 12 R - 74
Extremo Sul - 2 2 1 10 1l 16
Leste - 13 16 12 16 - 57
Nordeste - 9 - 6 1 1l 17
Norte 3 24 13 40 12 2 94
Qeste - < 11 26 20 - 62
Sudoeste 1 17 7 13 27 13 78
Sul - - 4 11 33 > 53
BAHIA 4 83 76 127 179 29 498

Fonte: Boletim Epidemioldgico da Bahia, n. 1, junho/2019 (o0 documento permite a reproducao

total ou parcial da obra, citando-se a fonte).

No Brasil, a situacdo epidemioldgica foi modificada nos ultimos anos devido a a¢bes de
controle do vetor e a mudangas socioecondémicas e ambientais, levando a alteracbes das
estratégias de vigilancia epidemioldgica. Estima-se que no pais existam cerca de 1.9 a 4.6
milhGes de pessoas infectadas pelo T. cruzi, correspondendo a 1-2.4% da populacdo
(COMISSAO NACIONAL DE INCORPORACAO DE TECNOLOGIAS NO SUS, 2018;
MARTINS-MELO et al., 2014a).

A DC é uma das quatro maiores causas de mortalidade por doencas infecto-parasitaria
no nosso pais (cerca de 2.19 para cada 100.000 habitantes em 2017), sendo a Bahia um dos

quatro estados com maior taxa de mortalidade no Brasil (Tabela 2).
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Tabela 2: Taxa de mortalidade por doenca de Chagas, segundo local de residéncia, 2008 a
2017
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Fonte: Boletim Epidemioldgico da Bahia, n. 1, junho /2019 (o documento permite a reproducao

total ou parcial da obra, citando-se a fonte).

Constata-se, ainda, que a DC é uma das enfermidades incluidas no grupo das doencas
tropicais negligenciadas pela Organizacdo Mundial da Satude (OMS). Este grupo é composto por
doencas transmissiveis, localizadas em 149 paises de clima tropical, que acometem mais de um
bilhdo de pessoas, com custo de bilhdes de dolares as economias dos paises envolvidos. O quadro
geral exposto aponta para a relevancia da implantacdo de uma maior vigilancia epidemioldgica
e do fomento de pesquisas para o desenvolvimento de melhorias na terapia dessa enfermidade
(ROGERLANDIO MARTINS-MELO et al., 2016; ORGANIZACAO MUNDIAL DE SAUDE
(OMS), [s.d.]).

2.1.2. Transmissao

As formas de transmissao do T. cruzi séo: vetorial; oral; vertical; transfusional; acidental
e outras causas. No passado, a forma mais comum de transmissao era a vetorial, ocorrendo em

cerca de 80 a 90% dos casos, através de um inseto hematofago vetor triatomineo, conhecido



19

popularmente como “barbeiro”. Atualmente sdo conhecidos 17 géneros e 130 espécies de
triatomineos em todo mundo (CARCANVALLO et al., 2001).

No Brasil, do total de 68 especies ja descritas no pais, foram registrados trés géneros
(Triatoma, Panstrogylus e Rhodnius) e 13 espécies de maior impacto epidemioldgico para
transmisséo vetorial do parasito (BRASIL.MINISTERIO DA SAUDE, 2019a).

A contaminacdo do inseto vetor acontece quando este se alimenta do sangue de um
hospedeiro infectado. Formas tripomastigotas do T. cruzi ingeridas se transformam em
epimastigotas no seu trato digestivo, se multiplicam e, apos trés a quatro semanas, transformam-
se em tripomastigotas metaciclicos. Estas tltimas séo as formas infectantes para o hospedeiro e
sdo eliminadas nas fezes e/ou urina do inseto no momento do seu repasto sanguineo.

Apbs a penetracdo através do local da picada ou de mucosas, 0s tripomastigotas
metaciclicos invadem diferentes tipos celulares, transformam-se em amastigotas e,
posteriormente em tripomastigotas, os quais causam ruptura das células e passam a circular na
corrente sanguinea. Estas formas podem invadir outras células do hospedeiro ou ser novamente

ingeridas pelo triatomineo hematoéfago (Figura 1) (BERN, 2015).
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Figura 1: Ciclo evolutivo do T. cruzi. (Fonte: Guia de Vigilancia em Saude, Ministério da
Saude, terceira edi¢do, 2019 (o documento permite a reproducdo total ou parcial da obra,
citando-se a fonte).

No passado, a prevenc¢do da doenca de Chagas era voltada primariamente ao combate ao
vetor, principal fonte de transmissdo da doenca (DIAS; SILVEIRA; SCHOFIELD, 2002). As
medidas preventivas incluiam a melhoria das condi¢des de higiene e das moradias, locais que
poderiam alojar o inseto. Em fungéo das ac¢des para controle do vetor implementadas desde 1970,
em 2006 o Brasil recebeu a certificacdo internacional de interrupcdo de transmissdo pelo
Triatoma infestans, um dos principais vetores de transmissdo da doenca. Contudo, o risco de
transmissao persiste devido a existéncia de outras espécies de triatomineos com alto potencial
de colonizagdo e infeccdo natural (BRASIL.MINISTERIO DA SAUDE, 2019b). Além disso,
entre 2012 a 2016, foram detectados focos residuais do T. infestans em 1 municipio da Bahia e
3 no Rio Grande do Sul ( BRASIL.MINISTERIO DA SAUDE, 2019a).

Além do controle do vetor, a triagem clinico-epidemioldgica e soroldgica de forma mais
efetiva nos bancos de sangue de paises endémicos contribuiu para uma reducao significativa dos
novos casos da doenca de Chagas por via transfusional. No Brasil, no ano de 2010, a prevaléncia
média estimada de sorologia reagente para T. cruzi entre candidatos a doacdo de sangue foi de
0.18% (ORGANIZACAO MUNDIAL DE SAUDE , 2015) e, em 2018, foi de 0.62% no estado
da Bahia (BAHIA.SECRETARIA DE SAUDE, 2019a)

Contudo, a transmissdo da DC por via oral ainda € uma preocupacéo no Brasil devido ao
o consumo de alimentos infectados pelo T. cruzi. Atualmente, é a principal forma de transmissao

no pais (Tabela 3).

Tabela 3: Fontes de transmissao de DC aguda, anos 2012 a 2016.

Ano de notificacdo

Forma de transmissao Total %
2012 2013 2004 2015 2016

Oral 129 102 131 209 298 869 13,0

Vetorial 8 19 24 33 7 105 8,9

Vertical 2 1 2 0 1 B 0,5

Acidental e Transplante 1 2 i 0 1 B 05

Em branco 49 39 3 26 53 204 A

Total 189 163 196 268 B 1190 100,0
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Fonte: Boletim Epidemiolégico, Ministério da Saude, v. 50, Janeiro/ 2019 (o documento
permite a reproducdo total ou parcial da obra, citando-se a fonte).

No Brasil, a DC aguda decorrente de transmissao por via oral esta mais concentrada na
regido da Amazonia, mais especificamente no estado do Pard, responsavel por 89% desse tipo
de ocorréncia, especialmente entre os meses de agosto e fevereiro, meses de safra de acai na
regido (BRASIL.MINISTERIO DA SAUDE,2019a).

Bastos et al descreveram 13 casos de forma aguda da doenca no estado da Bahia,
secundarios a ingestdo de agua contaminada com fezes do T. cruzi. A maior parte destes
pacientes desenvolveu um quadro de miocardite (BASTOS et al., 2010). Também existem
relatos de casos agudos da doencga em areas ditas livres do protozoario, como em Santa Catarina
em 2005, por provavel ingestdo de caldo de cana contaminado (ANVISA, 2008).

Casos de DC aguda também foram registrados na Colémbia, Venezuela e Bolivia. Em
2007, na Venezuela, aconteceu um dos maiores surtos registrados mundialmente de DC aguda
por via oral por ingestdo de suco contaminado. A infec¢do foi confirmada em 103 pessoas de
uma comunidade escolar, levando a um estado de emergéncia de salde publica que, através de
rapido diagnostico e pronto tratamento, evitou altas taxas de mortalidade (ALARCON DE
NOYA et al., 2010).

Esta forma de transmisséo oral, por ingestdo de alimentos contaminados pelo parasito,
sendo o triatomineo ou suas fezes, pode ser também considerada como vetorial, por ser
dependente da presenca dos vetores. Pode também ocorrer por ingestdo de carne crua ou mal
cozida de caca ou alimentos contaminados pela secrecdo de glandulas anais de marsupiais
infectados (BRASIL.MINISTERIO DA SAUDE, 2019b)

A transmissdo vertical acontece por via transplacentaria ou no momento do parto. Pode
ocorrer também durante aleitamento materno sendo mais comum na fase aguda da doenca. Na
fase cronica, a transmissdo pela amamentacdo pode acontecer devido a sangramentos
decorrentes de fissura mamaria, ndo propriamente pelo leite materno. Uma meta-anélise de
estudos realizados no Brasil demonstrou uma prevaléncia de infeccdo em gestantes de 1.1%
com taxa de transmisséo vertical de 1.7% (MARTINS-MELO et al., 2014b). As demais formas
de transmissdo sdo mais raras, a saber: a forma laboratorial, devido a manipulagdo inadequada
de material contaminado e o transplante de orgaos infectados, principalmente coragéo e rins
(CARLOS PINTO DIAS et al., 2016; BAHIA.SECRETARIA DE SAUDE , 2019b).

O periodo de incubacdo da doenca de Chagas aguda varia de acordo com a via de
transmissdo: de 5 a 15 dias, na vetorial; de 30 a 40 dias, na transfusional; do quarto ao nono més

de gestacgéo, na transplacentaria; e cerca de 7 a 22 dias, na via oral (RASSI et al., 2010).
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2.1.3 Diagnostico

O diagnostico da doenca de Chagas se baseia em critérios parasitologicos e soroldgicos.
Na fase aguda os métodos parasitologicos diretos sdo os mais indicados, pela alta parasitemia.
Orienta-se a realizacdo simultanea de diferentes métodos parasitoldgicos diretos, tais como:

e Lamina corada de gota espessa ou esfregaco;
e Métodos de concentragdo (Strout, micro-hematdcrito e creme leucocitario);
e Pesquisa a fresco de tripanossomatideos.

Os métodos soroldgicos nesta fase sdo métodos indiretos, ndo sendo os mais indicados
para confirmacéo da fase aguda (BRASIL.MINISTERIO DA SAUDE , 2019b).

Devido a baixa parasitemia na fase crbnica, os métodos parasitologicos tém baixa
sensibilidade, sendo usados principalmente no controle do tratamento especifico ou em casos
incomuns. Portanto, nessa fase da doenca, o diagndstico é baseado principalmente em critérios
soroldgicos, utilizando-se um teste de alta sensibilidade (ELISA ou imunofluorescéncia indireta)
associado a outro de alta especificidade (hemaglutinacdo indireta). O diagndstico molecular
através da reacdo em cadeia da polimerase (PCR) € de uso restrito e realizada por centros de
pesquisa e laboratério de referéncia nacional devido a auséncia de protocolos definidos e de kits
comerciais para uso na rotina de vigilancia epidemioldgica, ndo sendo considerado um método
diagnostico isolado para confirmar ou afastar o diagndstico de DC aguda ou cronica. Considera-
se, como marcadores da infec¢do, dois testes positivos de métodos distintos para a presenca de
anticorpos IgG anti-T. cruzi , sendo o ELISA preferencialmente um deles (Figura 2) (CARLOS
PINTO DIAS et al., 2016; DE ANDRADE et al., 2011; SCHMUNIS; YADON, 2010).
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Figura 2: Fisiopatologia da doenca de Chagas e exames diagndsticos em cada fase (Fonte:
Guia de Vigilancia em Saude, Ministério da Saude, terceira edicdo, 2019 — o documento
permite a reproducéo total ou parcial da obra, citando-se a fonte).

2.1.4 Patogénese

2.1.4.1 Fase aguda

A fase aguda caracteriza-se principalmente pela presenca de formas tripomastigotas do
parasito no sangue periférico e por formas amastigotas se multiplicando no interior das células
do hospedeiro, com importante crescimento populacional do T. cruzi. Em torno do 12° dia ap6s
a contaminagéo, ocorre um intenso parasitismo no cora¢do (FABRINO et al., 2004; MELO et
al., 2003).

O sistema imune € ativado com reagdes celulares e humorais para combater a infeccao
pelo T. cruzi, levando ao controle bioldgico, mas ndo a eliminacdo do parasita. Macrofagos e
celulas dendriticas promovem endocitose dos parasitas, com producédo de citocinas associadas a

resposta Th2, tais como a IL-4, o IFN-y, a IL-10 e a IL-12, ativando linfécitos T com atividade
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microbicida e, conseqlientemente, auxiliando no controle da parasitemia (MARIN-NETO et al.,
2007a).

Outros mecanismos descritos séo alteracbes em componentes do sistema p-adrenérgico
cardiaco de transducdo de sinais, que incluem a reducdo da concentracdo plasmatica de
catecolaminas, a diminuicdo de afinidade do agonista pelo receptor p-adrenérgico cardiaco e a
elevacdo dos niveis de AMPc na célula cardiaca (BUSTAMANTE et al., 2003; LO PRESTI et
al., 2006).

Clinicamente, essa fase esta associada a um conjunto de sinais e sintomas inespecificos
e leves, podendo existir lesdo na area de inoculacdo (chagoma), edema uni ou bipalpebral (sinal
de Romafia), hepatoesplenomegalia, linfadenopatias e febre. Em menos de 5% dos casos, pode
haver o desenvolvimento de meningoencefalite ou miocardite. A miocardite é a principal
manifestacdo cardiaca desta fase, podendo estar associada a pericardite ou endocardite. Analises
por eletrocardiograma podem indicar a presenca de taquicardia sinusal, complexos QRS de baixa
voltagem e/ou alteracdes da repolarizagéo ventricular (BESTETTI et al., 1988, 1991; RASSI,;
RASSI; MARIN-NETO, 2009). Habitualmente, o quadro clinico da fase aguda regride de forma
espontanea apo6s aproximadamente 4-8 semanas, com a reducao do percentual de parasitos no
sangue e nos tecidos, marcando o inicio da fase cronica da doenca (RASSI; MARCONDES DE
REZENDE, 2012).

2.1.4.2 Fase cronica

A fase cronica divide-se em: forma indeterminada, forma cardiaca e forma cardio-digestiva.

A) Forma indeterminada

A forma indeterminada caracteriza-se por um longo estagio latente da doenga, na qual
ndo existem manifestagdes clinicas, eletrocardiogréficas ou radiologicas de comprometimento
cardiaco e/ou digestivo. A maioria dos pacientes portadores de DC permanece nesta forma,
tendo um bom prognaostico que é associado a baixas taxas de mortalidade em estudos com 10
anos de seguimento (COURA et al., 1985; MARIN-NETO et al., 2002a).

As diretrizes mais atuais em DC indicam a realizacdo do exame de ecocardiograma,
além do ECG e radiografia de torax , para caracterizacdo desta forma da doenca(CARLOS
PINTO DIAS et al., 2016; DE ANDRADE et al., 2011). Com a facilidade de acesso e aplicacéo
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rotineira do ecocardiograma na prética clinica, vém se demonstrando que mesmo em pacientes
classificados como forma indeterminada da doenca, existem pequenas alteragcbes no VE
anteriormente ndo evidenciadas ao ECG e radiografia. Estudos sugerem que mesmo a presenca
de alteracGes minimas do VE ao ecocardiograma tém implicacdes prognosticas na DC, como
progressdo mais rapida para IC (DE ALMEIDA-FILHO et al., 2002; PAZIN-FILHO et al.,
2007). Portanto, existe a discussdo se estes pacientes assintomaticos, sem alteracdes ao ECG e
radiografia, mas com exame de ecocardiograma minimamente alterado ndo deveriam ser
reclassificados portadores de cardiopatia chagasica e ao invés de forma indeterminada. Esta
nova caracterizacdo auxiliaria na introdugdo precoce de tratamento especifico para DC,
prevenindo sua evolucgéo para formas mais avangadas da CCC nas quais o tratamento anti-T.
cruzi ndo é mais efetivo (MARIN-NETO et al., 2002b).

Cerca de 10 a 30 anos apds a infeccdo inicial, até 30% dos pacientes desenvolvem lesbes
cardiacas e até 10%, alteracdes digestivas, neuroldgicas ou mistas, sendo a cardiopatia a doenca
de pior prognostico dentre essas (PINTO DIAS et al., 2016; RASSI; MARIN-NETO, 2010). O
mecanismo implicado na evolugdo da forma indeterminada para forma cardiaca ainda nao esta
completamente esclarecido. No entanto, foi observado que, em individuos com a CCC, ha um
aumento da producdo de citocinas relacionadas a resposta Thl, tais como como o IFN-y e
TNFa, com menor producédo de 1L-10 em comparacdo com individuos na forma indeterminada
(ABEL et al., 2001b; MARIN-NETO et al., 2002b, 2007a). Esses dados sdo corroborados por
estudos em animais, onde respostas do tipo Thl sdo predominantes nos coracGes de
camundongos com CCC (RIBEIRO-DOS-SANTOS et al., 2001). Isto sugere que o
desequilibrio entre as respostas imunes Thl e Th2 é um dos fatores que levariam a progressao
da DC da forma assintomatica para as formas sintoméaticas (MARIN-NETO et al., 2002a,
2007a; RASSI et al., 2010).

B) Formas digestiva e cardio-digestiva

A forma digestiva acomete cerca de 10-15% dos pacientes portadores de DC,
principalmente na regido sul da Amazénia no Brasil, Argentina, Chile e Bolivia. Esta
distribuicdo geografica deve-se provavelmente a diferencas entre as cepas dos parasitas de cada
local (RASSI; MARIN-NETO, 2010). O quadro clinico caracteriza-se disfagia, odinofagia e
dor retroesternal, devido ao megaesdfago e/ou constipacao, diarreia, meteorismo e até fecaloma

pelo megac6lon. A maioria dos casos de megacélon sdo associados a megaes6fago. A
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investigacgdo, além do exame clinico, é realizada através de radiografias com uso de contraste,
endoscopia e colonoscopia. Para avaliagbes mais acuradas pode-se usar a tomografia
computadorizada ou ressonancia magnética (RASSI et al., 2010). O tratamento, a depender da
fase da doenca, vai desde mudanca de habitos alimentares, medicacdes até cirurgia (PINTO
DIAS et al., 2016).

A forma cardio-digestiva € uma combinacdo da forma cardiaca com megaesofago e/ou
megacolon. Sua prevaléncia exata ainda ndo € conhecida devido a escassez de estudos
apropriados, tendo sido estimada em cerca de 8% em estudo realizado em 2015 (ANDRADE
etal., 2015; RASSI; MARIN-NETO, 2010).

C) Forma cardiaca

A cardiomiopatia chagéasica cronica (CCC) é uma cardiopatia inflamatéria caracterizada
pela miocardite fibrosante cronica (infiltrados inflamatdrios focais e disseminados, miocitolise,
mionecrose e fibrose progressiva), com progressiva disfuncdo contratil miocardica (ANDRADE;
ANDRADE, 1955; ANDRADE; LOPES, 1963; KOBERLE, 1968).

Varios fatores parecem contribuir para o desenvolvimento da forma cardiaca cronica,
sendo a fisiopatologia da CCC néo totalmente esclarecida. Na CCC ocorre uma exacerbagéo da
resposta Thl, com aumento da producdo de IFN-y e TNFa, levando a uma cardiopatia mais
grave, além da ocorréncia de outros fatores que levam a um desbalan¢o entre a resposta imune
protetora e agressora do organismo (ABEL et al., 2001a; MARIN-NETO et al., 2007a;
NOGUEIRA et al., 2014).

Alguns autores defendem que tanto a persisténcia do parasita quanto a resposta
imunoldgica direcionada aos antigenos do T. cruzi tém papel fundamental na evolucdo da doenca
(NUNES et al., 2018a; RASSI JR; RASSI; MARIN-NETO, 2009).

Evidéncias de estudos clinicos e experimentais que embasam esta teoria sdo descritas
abaixo:

1) O uso de técnicas mais sensiveis de deteccdo da presenca do parasita como
imunohistoquimica e PCR (polimerase chain reaction) demonstraram alta frequéncia de
antigenos do T. cruzi e do seu DNA em lesdes cronicas, além da relacdo da sua presenca com a
inflamacao tecidual (HIGUCHI et al., 1993; JONES et al., 1993; TARLETON, 2001; ZHANG;
TARLETON, 1999);
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2) ReinfeccOes e exposicdo continua ao agente etioldgico levam ao aumento da carga
parasitéria associada a piora da evolugdo da doenca (BUSTAMANTE et al., 2002, 2003, 2007;
STORINO et al., 2002);

3) A reducdo da carga parasitaria através do tratamento com benzonidazol ou nifurtimox
promove a melhora do quadro clinico e altera¢gdes no ECG (FABBRO et al., 2007; GARCIA et
al., 2005; VIOTTI et al., 2006);

Por outro lado, devido a falta de correlagdo entre o parasitismo residual e o alto grau de

inflamacdo tecidual miocéardica, outros autores sugerem que a evolucdo da CCC esta também

relacionada ao desenvolvimento de uma resposta autoimune direcionada a antigenos cardiacos

apo6s o estimulo pelo T. cruzi. Evidéncias originadas de estudos realizados corroboram esta

hipbtese, tais como:

1)

2)

3)

A presenca no soro de pacientes chagasicos de auto anticorpos da classe 1gG
direcionados contra receptores muscarinicos e adrenérgicos dos cardiomidcitos se
correlacionam a alteracOes elétricas e mecanicas miocardicas (BORDA; STERIN-
BORDA, 1996; CHIALE et al., 1995; COSTA et al., 2000);

A presenca de linfocitos T autoreativos ao tecido cardiaco e sistema nervoso em
camundongos e pacientes chagasicos. O primeiro estudo que investigou o papel dos
linfocitos T autoreativos na CCC foi realizado por nosso grupo através de um modelo
animal de transplante cardiaco heterotopico. O cora¢do transplantado era proveniente
de um animal singénico e sem DC. Neste estudo, foi demonstrada a autoreatividade
do linfécito T CD4 do animal chagasico contra o tecido cardiaco transplantado,
promovendo a rejeicdo do mesmo. Nos animais controle livres de DC essa rejei¢ao
nédo aconteceu (RI1ZZO; CUNHA-NETO; TEIXEIRA, 1989; SANTOS et al., 1992)
Posteriormente, nosso grupo isolou do bagco de um animal chagasico uma linhagem
de linfocitos T CD4 e foram realizados experimentos in vitro da reacdo destas células
com amostras de tecido miocardico. A linhagem foi sensibilizada por meses in vitro
através de exposicdes repetidas a amostras de tecido de coragcfes singénicos. Apos a
sensibilizagdo, demonstrou-se que essas células T anti-cardiomidcito causaram
destruicdo de mioblastos tanto in vitro quanto a rejeicdo de coragédo transplantado
singénico quando injetadas localmente. Além disso, a injecdo dessa linhagem celular
em camundongo atimico causou intensa miocardite (RIBEIRO-DOS-SANTOS et al.,
2001).
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4) O desenvolvimento da miocardite autoimune da DC parece estar relacionada a quebra
no mecanismo de auto-tolerancia aos antigenos cardiacos do sistema imune, sendo
este desequilibrio induzido pela infeccdo do T. cruzi (ENGMAN; LEON, 2002;
LEON et al.,, 2004; PONTES-DE-CARVALHO et al., 2002; RIBEIRO-DOS-
SANTOS et al., 2001).
Portanto, é provavel que a evolugdo da CCC esteja relacionada a ambos 0s mecanismos
descritos acima (Soares et al, 2001).
Essa agressdo cronica ao coracdo decorrente dos mecanismos imunopatologicos culmina
em um dano progressivo as fibras miocardicas e, secundariamente, promove o
desenvolvimento de distdrbios neurogénicos e da circulagao coronéaria. A reducao da populagéo
de neurénios do sistema nervoso autdbnomo no coracdo é caracteristico da infeccdo pelo T.
cruzi, levando a disautonomia cardiaca (DAVILA; INGLESSIS; MAZZEI DE DAVILA,
1998; MOTT; HAGSTROM, 1965; OLIVEIRA, 1985). Esta reducdo acomete principalmente
0s neurbnios parassimpaticos, e, em menor escala, 0os neurdnios do sistema simpatico.
Consequentemente, ocorrem perda da variabilidade da frequéncia cardiaca com perda da
resposta rapida a variagdes pressoricas e de retorno venoso, alteracdo do controle da
microcirculacdo coronéria, arritmias e morte subita (ALBERTO et al., 2020; AMORIM;
MARIN NETO, 1995; MARIN-NETO, 1998; RASSI; RASSI; RASSI, 2001).

AlteracGes do sistema vascular associadas a lesdo endotelial podem levar a modificacdes
da perfusdo miocardica. Consequentemente, os pacientes portadores de CCC podem apresentar
sintomas que simulam isquemia miocardica, tais como dor precordial, alteracbes no
eletrocardiograma e ecocardiograma. Adicionalmente, associado ao processo inflamatorio local,
ocorrem aumento da ativacdo plaquetaria, formagdo de pequenos trombos, vasoespasmo e
disfuncdo endotelial. Todos esses processos, conjuntamente, podem estar relacionados ao
desenvolvimento de alteracdes segmentares e aneurisma apical do VE, da CCC (MARIN-NETO
et al., 2007b; MARIN-NETO; SIMOES; RASSI JUNIOR, 2013; OLIVEIRA et al., 1981;
PRADO et al., 2011; ROSSI et al., 2010).
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2.2. CARDIOPATIA CHAGASICA CRONICA

2.2.1 Diagnostico da cardiomiopatia chagésica crénica

Define-se como cardiomiopatia chagésica crénica (CCC) a presenca de alteragdes
eletrocardiogréaficas tipicas em individuo com DC confirmada, independente da presenca de
sintomas (NUNES et al., 2018b).

Para 0 acompanhamento da CCC, fazem parte da avaliacdo inicial o eletrocardiograma
de 12 derivagdes, cujos achados mais sugestivos incluem bloqueio atrioventricular, blogueio
completo do ramo direito e bloqueio divisional anterossuperior do ramo esquerdo, e a radiografia
de térax, que pode evidenciar aumento de area cardiaca e congestdo venocapilar pulmonar
(BESTETTI etal., 1991; PINTO DIAS, 2016; RASSI; RASSI; LITTLE, 2000; RASSI; RASSI;
MARIN-NETO, 2009)

O teste ergoespirométrico vem ganhando cada vez mais espago na avaliacdo de pacientes
portadores de CCC, principalmente para a avaliacdo funcional, ja que esse teste demonstra a
reducdo da capacidade funcional méxima, além de indicar propensdo ao desenvolvimento de
arritmias ventriculares esfor¢o-induzidas (CARLOS PINTO DIAS et al., 2016; MADY et al.,
1997).

O Holter de 24 horas é também um método importante para a deteccdo de arritmias
ventriculares e, idealmente, deve ser realizado em todos os pacientes com CCC, pois a presenca
de arritmias supraventriculares e ventriculares nesses pacientes confere pior prognostico. A
fibrilacdo ventricular pode ser a primeira manifestacdo da doenca e constitui a principal causa
de morte subita nessa populacdo, principalmente nos casos de disfuncdo ventricular esquerda
grave (RASSI; RASSI; RASSI, 2001). Além disso, a reducdo da variabilidade da frequéncia
cardiaca ao Holter em pacientes com Chagas esta associada a pior prognostico (ALBERTO et
al., 2020).

A ressonancia nuclear magnética (RNM) é considerada o padrdo ouro entre 0s métodos
de imagem n&o invasivos na quantificacdo da fracdo de ejecdo do ventriculo esquerdo. Além da
avaliacdo anatdbmica cardiaca, a RNM permite o estudo da funcéo e caracterizacao tecidual
atraves da técnica de realce tardio, 0 que antigamente era possivel somente atraves da biopsia
endomiocérdica (ROCHITTE et al., 2005, 2007). Esta técnica permite a detec¢do precoce de
fibrose e/ou necrose miocéardicas, alteragdes ndo diagnosticadas por métodos menos sensiveis.
A deteccdo precoce do envolvimento miocardico em pacientes portadores de DC ainda sem
manifestacdo de cardiomiopatia pode ser Util tanto no prognostico quanto no diagnostico
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diferencial de quadros de insuficiéncia cardiaca de etiologia ndo conhecida (REGUEIRO et al.,
2013). Nosso grupo de pesquisas avaliou através da RNM a presenca e extensdo de fibrose
miocardica em pacientes na forma indeterminada da DC. Foi possivel demonstrar que a extenséo
da fibrose miocardica nesta amostra era semelhante a pacientes em fases iniciais de CCC,
sugerindo que muitos pacientes assintomaticos e estagiados como forma indeterminada estdo na
verdade em forma cardiaca inicial (NOYA-RABELO et al., 2018).

A ecocardiografia consiste em um exame complementar com menor custo que a RNM,
que utiliza ultrassom para gerar imagens em tempo real do coracdo e dos vasos da base,
fornecendo informagdes essenciais sobre a fungdo ventricular e indicando diversos fatores
progndsticos como presenca de trombos, funcgéo diastélica e sistdlica biventricular, entre outros.
Na CCC, a utilizacdo da ecocardiografia € importante para o diagndstico de disfuncdes
segmentares da contratilidade do ventriculo esquerdo (VE), tais como a hipocinesia de parede
infero-lateral e inferior (a mais comum delas), o aumento das dimensdes ventriculares e a
reducdo da fracdo de ejecdo, sendo estas ultimas disfungdes importantes fatores progndsticos de
mortalidade na CCC. Outro achado caracteristico da CCC através da ecocardiografia € a
presenca de aneurisma apical de VE que varia de 8,5% em pacientes assintomaticos a 55% em
pacientes com cardiomiopatia grave (ACQUATELLA, 2007; ACQUATELLA et al., 2018).
Além da imagem bi ou tridimensional do ecocardiograma, atualmente se tem aplicado a técnica
de anélise da deformacdo miocérdica chamada strain, a qual permite a deteccdo de alteracdes
minimas de deslocamento de segmentos miocardicos, através do mapeamento da movimentacdo
de pontos do miocardio chamados “speckles”, mesmo antes da queda global da fracdo de ejecéo
do ventriculo esquerdo (FEVE). Os tipos de strain séo o radial, longitudinal, circunferencial e o
global. Este método é acurado e permite o diagndstico precoce de disfuncbes miocardicas
incipientes e subclinicas (ACQUATELLA et al., 2018).

Em 2015, avaliamos o valor incremental da medida do strain global na fracdo de ejecédo
do ventriculo esquerdo (FEVE) para predicdo de fibrose miocéardica em pacientes na forma
indeterminada e cardiaca (com ou sem sintomas). Apesar de ndo termos demonstrado o valor
incremental do strain na FEVE, o valor do strain manteve correlagdo com a presenca de fibrose
miocardica na RNM (MACEDO et al., 2015). Em outro estudo também foi demonstrado que a
medida reduzida do strain global, circunferencial e radial em pacientes com DC forma
indeterminada ou com CCC em estagios iniciais se correlaciona com a presenca de fibrose
miocardica (GOMES et al., 2016).
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Métodos adicionais também podem ser usados para 0 acompanhamento da CCC, tais
como o cateterismo cardiaco, a ventriculografia radioisotdpica e a cintilografia miocérdica entre

outros, a depender dos fatores de risco e quadro clinico do paciente.

2.2.2 Quadro clinico da CCC

Os sinais e sintomas caracteristicos desta forma da doenca podem ser divididos em trés
grupos de sindromes: insuficiéncia cardiaca, arritmias cardiacas e eventos tromboembolicos, os
quais podem coexistir em um mesmo paciente (RASSI JR; RASSI; MARIN-NETO, 2009). A
mortalidade da fase avancada da doenca € alta, sendo a morte subita a causa mais comum (55-
60%), seguida pela insuficiéncia cardiaca (25-30%) e eventos embolicos (10-15%) (RASSI;
RASSI; RASSI, 2001; RASSI JR; RASSI; MARIN-NETO, 2009).

e Sindrome da Insuficiéncia Cardiaca

A sindrome da insuficiéncia cardiaca geralmente tem inicio com alteracdes segmentares
do VE, posteriormente evoluindo para faléncia biventricular. Essa sindrome manifesta-se por
dispneia progressiva aos esforcos fisicos, evoluindo para dispneia em repouso, ortopnéia,
dispneia paroxistica noturna, edema de membros inferiores, congestdo hepatica e estase de
jugulares. Em alguns pacientes os sintomas relacionados a disfuncédo ventricular direita podem
ser mais proeminentes que os da disfuncdo esquerda. Devido aos disturbios da microcirculacéo,
0s pacientes podem apresentar dor precordial atipica simulando um quadro de isquemia
miocardica (MARIN-NETO et al., 2007a; RASSI; RASSI; MARIN-NETO, 2009).

A IC chagésica possui pior prognostico do que as de outras etiologias, incluindo a
hipertensiva, idiopatica e isquémica, sendo a presenca da DC um preditor independente de
mortalidade em portadores dessa doenca. Suspeita-se que a intensa fibrose difusa com grave
remodelamento cardiaco associado aumenta o risco de arritmias e de outros eventos adversos
(BARBOSA et al., 2011; BESTETTI et al., 2013; NUNES et al., 2010; VILAS BOAS et al.,
2013).
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e Sindrome Arritmogénica

A sindrome arritmogénica caracteriza-se por arritmias atriais e ventriculares com uma
grande variedade de anormalidades do sistema de conducdo. AlteracGes eletrocardiograficas no
curso da DC sdo preditoras de gravidade e prognostico da doenga. Em uma coorte de pacientes
portadores de DC acompanhada por 10 anos foi demonstrado que a presenca de qualquer uma
das seguintes alteracbes ao ECG era preditor independente de mortalidade: extrassistoles
ventriculares e supraventriculares frequentes, fibrilacdo atrial, bloqueio do ramo direito,
sobrecarga ventricular esquerda e sinais de infarto do miocéardio antigo. A presenca de pelo
menos uma dessas alteracBes dobrou o risco de mortalidade, sendo que o risco aumentava
proporcionalmente ao nimero de alteracdes no ECG do paciente (MAGUIRE et al., 1987;
RIBEIRO et al., 2014).

Queixas como palpitacfes e sincope sdo comuns, sendo decorrentes de taquiarritmias
ventriculares e atriais, bradicardia e blogueio atrioventricular. Em muitos casos, € indicado o
implante de marcapasso definitivo.

Morte sUbita, mais comumente associada arritmias ventriculares malignas, pode
acontecer em qualquer fase da CCC, mesmo antes do desenvolvimento de IC (FILHO et al.,
1994; LEITE et al., 2001; LISBOA DA SILVA, 2012; RASSI; RASSI; RASSI, 2001).

e Sindrome Tromboembolica

A DC é uma das principais causas de acidente vascular cerebral (AVC) da América
Latina, constituindo até 20% das causas dessa ocorréncia em regibes endémicas para DC
(CARDOSO et al., 2014; CAROD-ARTAL et al., 2005). Na maioria dos casos o AVC
relacionado a CCC é decorrente de fenbmenos cardioembdlicos devido a formacéo de trombos
intracardiacos e contribuem para a elevada morbimortalidade da doenca (ARAS et al., 2003;
SAMUEL et al., 1983).

Fatores de risco para 0 AVC na CCC incluem arritmias atriais, presenca de aneurisma
apical ventricular, idade avancgada, disfuncdo ventricular esquerda e dilatagdo atrial. O quadro
clinico mais tipico é o de déficit sensorial ou motor em regides de face, braco e perna além de
afasia, deficit visual e cognitivo (CAROD-ARTAL et al., 2005; DE SOUSA et al., 2008;
NUNES et al., 2009, 2015).

O tromboembolismo pulmonar, complicacdo frequente e grave da CCC, geralmente
decorre de trombose venosa profunda, ocasionada por reducdo cronica do débito cardiaco
(MACIEL et al., 1995; MARIN-NETO et al., 2007a; RASSI; RASSI; MARIN-NETO, 2009)
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2.2.3 Fatores prognosticos e estratificacao de risco da CCC

A fase cronica da DC pode ser classificada pelo quadro clinico, conforme descrito acima (forma
indeterminada, cardiaca e digestiva e mista), como também de acordo com estagios baseados no
tempo e progressao da doenca cardiaca e na gravidade dos sintomas, conforme recomendacdes
nacionais e internacionais adaptadas a etiologia chagésica (DE ANDRADE et al., 2011; HUNT
et al., 2005; RASSI et al., 2018):

1) Classificacdo de acordo com o tempo e progressdo da CCC (NUNES et al., 2018a):

Estagio A: Pacientes sob risco de desenvolver ICC. Possuem sorologia positiva, ndo tém
cardiopatia estrutural ou sintomas de ICC. Também nao tém alteracdes digestivas;

Estagio B1: Pacientes com cardiopatia estrutural, evidenciada por alteracoes
eletrocardiograficas ou ecocardiogréficas, mas com fungdo ventricular global normal e sem
sinais e sintomas atuais ou previos de ICC;

Estagio B2: Pacientes com cardiopatia estrutural, caracterizada por disfuncédo ventricular global,
mas sem sinais e sintomas prévios ou atuais de ICC;

Estagio C: Pacientes com disfuncdo ventricular e com sintomas prévios ou atuais de ICC.
(NYHA L, 11, 111 ou IV);

Estagio D: Pacientes com sintomas refratarios de ICC em repouso, apesar de tratamento clinico

otimizado, necessitando intervencdes especializadas.

2) Classificacdo pela Gravidade dos Sintomas: Classe Funcional da New York Heart
Association (LITTLE, 1994; RASSI et al., 2018)

Classe I: Auséncia de sintomas;

Classe I1: Atividades fisicas habituais causam sintomas. Limitagdo leve;

Classe I11: Atividades fisicas menos intensas que as habituais causam sintomas. Limitagédo
importante, porém, confortavel no repouso;

Classe 1V: Incapacidade para realizar qualquer atividade sem apresentar desconforto.

Sintomas no repouso.
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A classificacdo funcional da NYHA foi usada por Rassi e colaboradores para desenvolver um
escore para calcular o risco de mortalidade em 10 anos em pacientes portadores de CCC. O

escore € composto por 6 fatores com pesos diferentes (RASSI et al., 2006):

Classe funcional do NYHA I11 ou 4: 5 pontos;

Cardiomegalia: 5 pontos;

Alteracdo segmentar ou global da contratilidade do VE: 3 pontos;
Taquicardia ventricular ndo sustentada: 3 pontos;

Baixa voltagem do QRS: 2 pontos;

o a0~ w e

Sexo masculino:2 pontos.

A soma dos pontos vai de 0 a 20 com a seguinte estratificacdo de risco de morte em 10

anos (Figura 3):

Baixo (10%0): 0-6 pontos;
Intermediario (44%o): 7-11 pontos;
Alto (84%): 12-20 pontos.
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Figura 3: Estratificacdo de Risco da CCC. (Fonte: Il Consenso Brasileiro em Doenca de Chagas,
2015.Epidemiologia e Servigos de Saude. O documento permite a reproducéo total ou parcial da
obra, citando-se a fonte). CF: Classe Funcional; NYHA: New York Heart Association; FEVE:
Fracdo de Ejecdo do Ventriculo Esquerdo; TVNS: Taquicardia Ventricular Ndo Sustentada.

O estudo BENEFIT, um dos maiores estudos clinicos recentemente publicados sobre
CCC, demonstrou que o escore de Rassi foi suficientemente acurado em predizer eventos
cardiacos compostos como morte subita, IC, transplante cardiaco, TV sustentada, necessidade
de marcapasso, entre outros (MORILLO et al., 2015a).
Em outro estudo clinico com portadores de cardiomiopatia chagasica, foi demonstrado
que o grau de fibrose miocardica diagnosticada pela RNM se correlaciona inversamente com a
fracdo de ejecdo e diretamente com a classe funcional pela NYHA (ROCHITTE et al., 2005).
Diante do exposto, fica claro que classificacdo da NYHA auxilia no manejo terapéutico
e tem relacdo com o prognoéstico da IC de diversas etiologias, incluindo a chagasica. Além
disso, ela é de facil realizagdo e usada internacionalmente, devendo ser aplicada ao paciente
portador de CCC sempre que possivel (HAWWA et al., 2017; LITTLE, 1994; RASSI et al.,
2018; YAP et al., 2015).



2.3 TRATAMENTO DA CARDIOPATIA CHAGASICA CRONICA

2.3.1 Terapia-padréo
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O tratamento atual da sindrome de insuficiéncia cardiaca (IC) esta direcionado a

interferéncia sobre os mecanismos neuro-hormonais os quais estimulam a progressao da doenca

ao longo do tempo. Além de cuidados relacionados aos habitos de vida, especialmente dietéticos,

varios medicamentos tém a propriedade de interferir favoravelmente no curso natural da doenca

e aumentar a longevidade de seus portadores. Inibidores da enzima conversora da angiotensina,

bloqueadores dos receptores da angiotensina, bloqueadores da aldosterona e B-bloqueadores

proporcionaram melhora do prognéstico e reducdo de cerca de 30% da mortalidade destes

pacientes (Figura 4) (RASSI et al., 2018)
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Figura 4: Tratamento padrdo de Insuficiéncia Cardiaca. (Fonte: CONITEC, Ministério da Saude
2018. O documento permite a reproducéo total ou parcial da obra, citando-se a fonte).
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As Unicas terapias anti-tripanossémicas especificas disponiveis para a DC consistem no
uso de compostos nitroheterociclicos (nitrofuran e nifurtimox) ou do derivado de nitroimidazol
(benzonidazol), medicamentos registrados ha mais de 40 anos com atividade anti-T. cruzi.

O benzonidazol € uma pro-droga que exerce sua atividade tripanocida através da
producdo de metabdlitos reativos, tendo efeito contra as formas intra e extracelulares do
parasita. E a droga mais utilizada no contexto do Brasil, e apresenta eficacia comprovada na
fase aguda da DC, tendo alcancado taxas de cura maiores que 80% (CALDAS et al., 2008;
CARLOS PINTO DIAS et al., 2016; MULLER KRATZ et al., 2018). Contudo, essa droga
induz diversos efeitos colaterais, tais como dermatite, leucopenia, neuropatia periférica,
nauseas e vomitos, e tem uma taxa de descontinuagdo em torno de 15-20% (MOLINA et al.,
2015; MULLER KRATZ et al., 2018).

Apesar da eficacia das drogas acima citadas ser menor na fase crénica (20-60%) e ainda
ser controversa (CALDAS; SANTOS; NOVAES, 2019), ensaios experimentais e estudos
observacionais apontaram para um efeito benéfico do uso do benzonidazol nessa fase, ao reduzir
tanto disturbios cardiacos caracteristicos da CCC (GARCIA et al., 2005) quanto a progressao
dessa doenca (VIOTTI et al., 2006). Na populacdo pediatrica (abaixo de 18 anos) cronicamente
infectada pelo T. cruzi , dois estudos demonstraram taxas de cura superiores a 60% pelo método
ELISA, ndo apresentando, contudo, beneficio nas alteracdes eletrocardiograficas em estudos de
seguimento (DE ANDRADE et al., 1996; MOLINA; SALVADOR; SANCHEZ-MONTALVA,
2014; SOSA ESTANI et al., 1998).

Recentemente foi publicado um grande estudo clinico randomizado, cego e multicéntrico
que testou a eficacia do benzonidazol em pacientes com CCC estabelecida. O objetivo primario
era avaliar se o tratamento com benzonidazol neste grupo levaria a reducdo de eventos
cardiovasculares maiores e de morte em relacao ao placebo. Contudo, o estudo ndo demonstrou
beneficio do tratamento com o benzonidazol na reducdo da progressdo da cardiomiopatia nestes
pacientes (27.5% no grupo tratamento e 29.1% no grupo placebo, IC 95%:0.81-1.07, p:0.31)
(MORILLO et al., 2015a).

Com base nestes estudos, o ultimo Consenso Brasileiro em DC no ano de 2015
recomenda como classe | (condi¢des para as quais ha evidéncias conclusivas, ou, na sua falta,
consenso geral de que o procedimento é seguro e util/eficaz) o tratamento antiparasitario na fase
aguda, na doenca congénita e em criancgas de até 12 anos de idade. O tratamento na fase cronica
é considerado Ila (Peso ou evidéncia/opinido a favor do procedimento. A maioria aprova) na
forma indeterminada e na cardiomiopatia sem doenga avancada. O tratamento de CCC com

doenca avancada € considerado classe 111 (Condiges para as quais ha evidéncias e/ou consenso
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de que o procedimento ndo é util/eficaz e, em alguns casos, pode ser prejudicial) (PINTO DIAS
etal., 2016). Além disso, documentos mais recentes sobre tratamento em DC, como o protocolo
do Ministério da Saude de 2018 e a diretriz da Organizacdo Panamericana de Saude (OPAS) em
2019, ratificam que, na CCC fase avancada, nao existe evidéncia cientifica suficiente para
corroborar o tratamento com agentes tripanocidas (Tabela 4) (COMISSAO NACIONAL DE
INCORPORAGAO DE TECNOLOGIAS NO SUS, 2018; ORGANIZAGAO
PANAMERICANA DE SAUDE, 2019b).

Tabela 4. Recomendac@es terapéuticas para tratamento etiologica da doenca de Chagas.

Fase da doenca de Faixa etaria Tratamento etioldgico
Chagas
Aguda Todas as faixas | 12 linha: benznidazo
etarias 22 linha: nifurtimox
Cronica indeterminada | Criancas e 12 linha: benznidazol
ou digestiva adolescentes 22 linha: nifurtimox
Adultos < 50 12 linha: benznidazo
anos Nio usar nifurtimox
Adultos = 50 Mio tratar de rotina**
anos
Cronica cardiaca Todas as faixas | Decisdo compartilhada: oferecer
(fases iniciais*) etarias possibilidade de tratamento, sendo tratar
com benznidazol ou ndo tratar alternativas
vilidas
N&o usar nifurtimox
Cronica cardiaca Todas as faixas | Mo tratar
(doenca avancada) etarias

Fonte: Protocolo Clinico e Diretrizes Terapéuticas Doenca de Chagas, n.397, CONITEC,
Ministério da Saude, 2018 (0 documento permite a reproducdo total ou parcial da obra, citando-

se a fonte).

Pela necessidade do desenvolvimento de terapias mais eficazes e mais toleradas, outras

drogas vém sendo estudas, a exemplo do antifingico posaconazol. Esta droga foi comparada ao
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tratamento padrdo com benzonidazol em pacientes com DC cronica, sendo mais associada a
falha de tratamento que o tratamento convencional (MOLINA; SALVADOR; SANCHEZ-
MONTALVA, 2014). Em 2017, outro estudo clinico foi realizado com as mesmas medicacdes
objetivando determinar se 0 regime em monoterapia era superior a associacdo das mesmas na
reducdo do parasitismo em individuos chagésicos assintométicos. Novamente, ndo foi
demonstrada superioridade do posaconazol no regime de monoterapia ou em associacdo
comparando-se & monoterapia padrdo com benzonidazol (MORILLO et al., 2017).

O estudo E1124 foi um estudo de fase Il que avaliou a eficacia na eliminagédo do parasita
no sangue periférico da pro-droga ravuconazol em pacientes com DC cronica. Esta droga foi
administrada em 3 diferentes regimes de doses e comparada ao benzonidazol e placebo. Apesar
de inicialmente ter demonstrado eficacia na eliminacao do parasita, o efeito do ravuconazol ndo
se demonstrou sustentavel durante o seguimento de 12 meses, diferentemente do benzonidazol
que foi eficaz precocemente e de modo sustentado durante o estudo (ALONSO-VEGA et al.,
2018).

Atualmente, novos estudos clinicos vém testando a eficacia de diferentes regimes de
tratamento do benzonidazol e/ou da sua associacdo com outras drogas tanto para eliminacdo do
parasita quanto para reducdo da progressao da CCC. Além disso, estudos experimentais estdo
em andamento para o desenvolvimento de uma vacina anti-T. cruzi (BARRY et al., 2016).

Casos refratarios a terapéutica clinica de pacientes com CCC em fase avangada podem
se beneficiar de procedimentos intervencionistas ndo-farmacoldgicos. Neste sentido, o
transplante cardiaco (TC) ortotdpico, procedimento complexo e de alto custo, é considerado o
padrdo-ouro de tratamento. Embora alguns estudos sugiram que a sobrevida do paciente apds
transplante cardiaco em portadores de cardiomiopatia chagasica seja um pouco melhor que a de
pacientes com insuficiéncia cardiaca por outras etiologias (BOCCHI; FIORELLI, 2001), nesta
populacdo ha o risco de reativacdo da infeccdo pelo uso de imunossupressores pos-transplante
devido ao parasitismo tecidual persistente. Além disso, por sua dependéncia de compatibilidade
entre doadores, atualmente esta técnica cirargica ainda beneficia uma reduzida quantidade de
individuos, resultando em um numero de transplantes bem menor do que a demanda.

No contexto da ICC, outros procedimentos intervencionistas, tais como a
cardiomioplastia e a ventriculectomia, ndo demonstraram eficécia sustentada a longo prazo, pois
ndo modificaram ou até aumentaram as taxas de mortalidade (BESTETTI; BRASIL;
BOMBONATO, 1997; BRAILE et al., 2000).

Uma das terapias mais atuais no tratamento de 1C avancada é o uso de dispositivos de

assisténcia circulatéria mecanica (DACM), que séo classificados como dispositivos temporarios
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ou de longa permanéncia. Esses dispositivos sdo usados como ponte para transplante ou como
alternativa ao transplante cardiaco com bons resultados principalmente em paises desenvolvidos,
onde esta terapia ja € uma realidade. Contudo, esses dispositivos sdo de alto custo, além do fato
de que o implante e o seguimento pds-implante serem dependentes de equipe multiprofissional
altamente especializada suportada por uma estrutura hospitalar adequada. Por tais razdes, esta
terapia somente é acessivel a poucos hospitais privados do sul/sudeste no Brasil, ndo sendo uma
alternativa ainda factivel para a maioria dos pacientes com IC avangada no nosso pais (AYUB-
FERREIRA et al., 2016).

2.3.2 Novas terapias

No contexto atual em que ndo existe ainda um tratamento definitivo para portadores de
cardiomiopatia chagésica cronica, o desenvolvimento de terapias que retardem a evolugdo para
uma forma mais grave da insuficiéncia cardiaca e/ou restaurem a funcéo cardiaca do paciente sdo
de grande importancia. Por esses motivos, 0s estudos atraves do tratamento de cardiomiopatias
com células-tronco (CT) e/ou fatores de crescimento vem aumentando continuamente.

As CT sdo células ndo diferenciadas que possuem duas caracteristicas principais: a
habilidade de auto renovacdo e a capacidade de se diferenciar em células com fungcfes mais
especializadas. As CT embrionarias e adultas sdo as mais estudadas no campo da medicina
regenerativa. Por questdes éticas e de seguranca, as células-tronco adultas sdo as mais utilizadas,
tendo como fonte diversos tecidos do corpo como a medula dssea, o tecido adiposo, a polpa
dentaria, o corddo umbilical e a placenta (SOARES; DOS SANTQOS, 2009).

A medula éssea e outros tecidos possuem populacfes de CT chamadas de estromais ou
mesenquimais (CTM), sendo estas células multipotentes. O método de coleta das CTM de
medula 6ssea é facil e bem estabelecido na prética clinica, devido a transplantes de medula 6ssea
(PITTENGER et al., 1999). Vérios estudos com CTM realizados em modelos animais de doengas
cardiacas demonstraram a capacidade de regeneracgéo tecidual do miocéardio, aléem da melhora da
funcéo cardiaca (KOCHER et al., 2001; OLIVARES et al., 2004; WANG et al., 2001).

As CTM possuem efeitos paracrinos, incluindo inducéo da angiogénese, recrutamento de
CT circulantes e ativacdo de CT presentes no tecido cardiaco. Um grande nimero de evidéncias
sugere que os principais beneficios das CTM nas cardiopatias decorram dos efeitos paracrinos
destas células (CHENG; YAU, 2008).



41

Estudos usando CTM em modelos animais portadores de DC crdnica do nosso grupo
demonstraram reducdo da inflamacdo de maneira dose-dependente além de reducdo de
aproximadamente 60% da fibrose cardiaca dois meses apds a terapia (SOARES et al., 2004).
Outros autores também mostraram reducdo de fibrose cardiaca apés aplicagdo de CTM em
modelos animais de cardiopatia diabética e melhora da funcdo ventricular em cardiopatia
isquémica (JIN et al., 2020; TANG et al., 2006).

Contudo, até 0 momento, estudos clinicos ndo demonstraram a eficacia da aplicacdo das
CTM em diversos tipos cardiopatias, ainda sendo necessarias mais avaliacdes para possibilitar

sua aplicacdo na pratica clinica.

2.3.3 Terapia com G-CSF

A fase cronica da DC pode evoluir assintomatica por anos. Quando a CCC se manifesta
como insuficiéncia cardiaca, o tecido miocérdico ja se apresenta disfuncional e remodelado apds
um longo periodo de inflamagdo crénica associada a mecanismos imuno-mediados. O uso de
citocinas que modulem os processos inflamatorios relacionados a progressdo da CCC pode se
constituir em uma alternativa importante para o tratamento desta doenca.

O fator estimulador de col6nias de granuldcitos (G-CSF) é uma citocina usada
clinicamente por via subcutanea para tratamento de neutropenia e como terapia adjuvante em
protocolos de transplante de medula 6ssea, com o objetivo de mobilizar células-tronco da medula
6ssea, incluindo CTM, CT hematopoiéticas e endoteliais (BOOZ, 2007; GASCON et al., 2018).
Essa é uma droga segura e tem baixa incidéncia de inducdo de eventos adversos.

O G-CSF é produzido por inimeros tipos celulares e 6rgaos, mais notadamente pelo
tecido miocardico apds infarto, constituindo-se em um mecanismo de reparo primario a lesdes
no nosso organismo (INCE; NIENABER, 2007). O seu receptor (CD114) estd presente em
células hematoldgicas, assim como em cardiomidcitos e em células endoteliais. Este receptor faz
parte uma familia de receptores de citocinas classe I, que apds ligacdo ao G-CSF sofrem
dimerizagdo e agem por multiplas vias intracelulares apos a ativagdo de vias especificas da
tirosina cinase (HARADA et al., 2005).

Seus efeitos cardiovasculares podem se dar por meio de a¢des diretas no tecido cardiaco,
de mobilizacdo de CT e de sua agdo imunomodulatoria. Evidéncias de estudos experimentais
sugerem que o G-CSF tem efeito protetor em cardiomidcitos através da inducéo de proteinas
antiapoptaticas pela inducdo da via STAT3 pelo seu receptor (KURDI; BOOZ, 2007). Além
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disso, também age estimulando outra via protetora cardiaca, a da AKT/Proteina Cinase B e
inibindo a expresséo de moléculas relacionadas ao remodelamento miocardico (especialmente
a fibrose) como o receptor 1 da angiotensina Il e TNF-alfa (LI et al., 2006a; MIYATA et al.,
2006). Modelos experimentais de doenca cardiaca isquémica demonstraram o potencial uso do
G-CSF na regeneracdo miocardica, reduzindo a fibrose e a apoptose de cardiomiocitos
(D’AMARIO et al., 2018; THEISS et al., 2013). Demonstrou-se também que o G-CSF pode
reduzir a apoptose da célula endotelial e aumentar a vascularizacdo em coragdes infartados (LI
et al., 2006b).

Um estudo em modelo animal demonstrou elevados niveis de mRNA do G-CSF e a
presenca de receptores para G-CSF em cardiomidcitos no periodo de desenvolvimento cardiaco.
A expressdo do G-CSF e do seu receptor foi detectada em células cardiacas embrionarias desde
estagios iniciais da embriogénese. Animais que tiveram a expressdo de G-CSF bloqueada
faleceram no final da gestacdo por hipoplasia cardiaca, e a aplicacdo intrauterina de G-CSF
levou & proliferacdo e hiperplasia de cardiomidcitos. Esses resultados indicam uma importante
funcdo do G-CSF no desenvolvimento de cardiomiécitos (SHIMOJI et al., 2010).

Um estudo publicado em 2015 com pacientes com insuficiéncia cardiaca ap0s infarto
do miocérdio demonstrou a capacidade do G-CSF de mobilizar células progenitoras endoteliais,
causando uma melhora da funcéo cardiaca com reducdo do remodelamento ventricular e do

gasto energético do miocérdio (Figura5) (ZHAO et al., 2015).
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ACOES:
- PRODUGAO DE
CARDIO NEUTROFILOS;
A + MOBILIZAGAO DE CELULAS
PROTECAO TRONCO PARA O SANGUE
PERIFERICO.

ACOES DO MIOCARDIO:

ACELERAGAO DA
CICATRIZAGAO;
+ PREVENGCAO DE APOPTOSE;
« REDUGAO DO NIVEL DE
FIBROSE.

Figura 5: Potenciais a¢bes do G-CSF no coracdo. Adaptada de (BOOZ, 2007)

Em pacientes portadores de insuficiéncia cardiaca de etiologia ndo isquémica, a
administracdo periférica de G-CSF associada a de células-tronco aut6logas, por via
intracoronaria, causou a melhora da classe funcional pela NYHA, da fracdo de ejecdo do
ventriculo esquerdo, da capacidade do exercicio e da qualidade de vida (HAMSHERE et al.,
2015).

Além dos efeitos descritas acima, estudos demonstraram que o G-CSF tem efeitos na
imunidade adaptativa atraves de varios mecanismos incluindo a ativacdo e o recrutamento de
linfocitos T regulatdrios e de células supressoras de origem mielGide, sendo ambos os tipos
celulares com potencial imunomodulador. Pode ativar a expressdo de genes imunomodulatérios
de linfécitos T, como GATA-3 e STAT5, bem como inibir diretamente a producdo de citocinas
pro inflamatdrias por estes linfocitos em doses farmacoldgicas (SLOAND et al., 2000). Atua
também na mobilizacdo de células T regulatérias CD4*CD25", assim como na diferenciacao de
células dendriticas tolerogénicas (KARED et al., 2005; RUTELLA et al., 2005). Todas essas
acOes corroboram a atuagédo do G-CSF como uma citocina com potencial imunomodulador
(RUTELLA et al., 2005; WAIGHT et al., 2011).

Com base nas evidéncias sobre o potencial papel benéfico do G-CSF em cardiomiopatias

de diversas etiologias, essa citocina comecou a ser estudada também no contexto da doenca de
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Chagas.

Nosso grupo avaliou a eficacia do G-CSF em modelo animal de CCC, comparando grupos
de animais que receberam somente injecé@o de solucéo salina com outro que recebeu somente G-
CSF, sendo avaliadas as fungdes cardiopulmonar e histopatoldgica desses grupos. No grupo que
recebeu 3 ciclos do G-CSF, foi demonstrada reducdo de arritmias, aumento da distancia de
caminhada, reducéo da fibrose miocéardica e do nimero de células inflamatoérias em relagdo aos
animais com solucdo salina. Comparando-se com o grupo que recebeu somente 1 ciclo de G-
CSF, o grupo com mais injecdes demonstrou melhores resultados. Além disso, 0 grupo que
recebeu 1 ciclo de G-CSF apresentou melhor resposta do que o grupo que recebeu somente salina
(MACAMBIRA et al., 2009). Posteriormente, em outro estudo de modelo animal do nosso grupo,
0 uso do G-CSF causou a reducdo da miocardite e da carga parasitaria, além de ter aumentado o
recrutamento de linfocitos T regulatorios e a modulacdo de citocinas pro-inflamatorias
(VASCONCELOS et al., 2013).

Com o objetivo de potencializar os efeitos troficos da terapia celular, nosso grupo
analisou os efeitos de células-tronco mesenquimais geneticamente modificadas para
superexpressar G-CSF (CTM_G-CSF) em comparacdo ao transplante de células tronco
mesenquimais ndo modificadas ou a solugdo salina em modelo animal de CCC. Foi demonstrado
no grupo CTM_G-CSF a maior reducéo de infiltrado inflamatério no tecido cardiaco, de fibrose
miocérdica, além de citocinas pr6 inflamatérias, tais como TNFa e IFN gama (SILVA et al.,
2018).

Tendo como base as evidéncias de estudos experimentais, nosso grupo conduziu um
estudo clinico de fase | para avaliagdo da seguranca da aplicacdo de CTM via intracoronaria em
pacientes portadores CCC em classe funcional 111 e IV da NYHA. Vinte e oito pacientes foram
incluidos, com realizacdo de puncdo da crista iliaca para coleta de CT da medula 0ssea.
Posteriormente, 20 ml da suspensdo de CTM foram lentamente injetados por cateter dentro das
coronarias. Com o objetivo de intensificar os efeitos da injecdo da CTM, apds 25 dias do
transplante os pacientes receberam G-CSF subcutéaneo durante 5 dias (5 pg/kg/dia). Além de
demonstrar que o procedimento era seguro e exequivel, o estudo também avaliou a potencial
eficicia da terapia. Seguimento de 60 dias pds-terapia demonstrou tendéncia de melhora em
diversos parametros como classe funcional da NYHA, qualidade de vida, distancia caminhada
em 6 minutos e fracdo de ejecdo do VE (VILAS-BOAS et al., 2006)

Em 2007, com o patrocinio do Ministério da Salde, foi criado um protocolo para estudo
clinico multicéntrico de fase 1l/l1l para avaliar a eficacia da terapia celular em 4 diferentes
cardiopatias, incluindo a DC (TURA et al., 2007).
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No braco da CCC, os pacientes incluidos tinham classe funcional 1l a IV da NYHA e
receberam injecdo intracoronaria de CTM ou placebo. Cerca de 25 dias apds o transplante, foi
administrado G-CSF via subcutanea por 5 dias na dose de 5 pg/kg/dia ou seu placebo
correspondente. O tempo de seguimento foi de 12 meses, sendo o objetivo primario a afericdo da
mudanca da fracdo de ejecdo do VE. Neste estudo ndo foi possivel demonstrar beneficio do
transplante de CTM por via intracoronaria na melhora da funcdo ventricular esquerda ou na
qualidade de vida (DOS SANTOS et al., 2012).

Torna-se claro que estudos clinicos com a aplicagcdo de imunomodulacgéo por meio de uso
de citocinas em pacientes com CCC ainda sdo escassos, apesar das evidéncias experimentais dos
seus beneficios. Neste contexto, 0 G-CSF desponta como uma possivel terapia a ser associada ao
tratamento padrdo da CCC, com potencial eficacia, tanto para a melhora do quadro clinico,
quanto para o controle da lesdo miocardica causada pela resposta inflamatdria e pela presenca do

T. cruzi.

Hipdtese do estudo:

O uso do G-CSF como terapia associada ao tratamento padrdo na CCC é eficaz na melhora e/ou
estabilizacdo do quadro clinico, aferido pela classe funcional da New York Heart Association
(NYHA) em comparacdo ao tratamento padrdo associado a placebo.
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3. OBJETIVOS

OBJETIVO GERAL

Avaliar a eficacia do uso do G-CSF como terapia adjuvante ao tratamento padrdo na CCC em
comparacgéo ao tratamento padrdo associado a placebo para melhorar e/ou estabilizar o quadro
clinico conforme afericao pela classe funcional da NYHA.

OBJETIVO PRIMARIO:

Avaliar o efeito da terapia com G-CSF sobre:
1.  Aclasse funcional da NYHA;

OBJETIVOS SECUNDARIOS:

A) Avaliacéo de eficacia

Avaliar o efeito da terapia com G-CSF sobre:

1. A capacidade funcional de acordo com dados de ergometria e do teste de caminhada de
6 minutos;

2.  Afracdo de ejecdo do ventriculo esquerdo aferidos pelo ecocardiograma bidimensional
e ressonancia nuclear magnética;
A presenca de arritmias ventriculares ao Holter de 24 horas;

4. A qualidade de vida dos pacientes, através do questionario de Minnesota;

5. O perfil de biomarcador prognéstico de insuficiéncia cardiaca, através da dosagem de
NT-ProBNP;

6. O perfil inflamatorio, através da dosagem de citocina como 0 TNFa.

B) Avaliacdo de segurancga
Avaliar o efeito da terapia com G-CSF sobre:
1. A frequéncia de eventos adversos por sistema;

2. A frequéncia de eventos adversos graves de intensidade 111 ou IV.
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4. CAPITULO 1

O manuscrito intitulado “Efficacy and safety of G-CSF therapy in Chagas cardiomyopathy:
a phase 11, double-blind placebo controlled randomized clinical trial” descreve os resultados do
primeiro estudo clinico que avaliou a eficacia e seguranca da terapia com G-CSF na melhora
da classe funcional de pacientes portadores de cardiomiopatia chagasica crénica. De forma
exploratoria, também foram avaliados a efeito do G-CSF na funcédo ventricular esquerda e no
perfil de biomarcador e de citocinas.

Efficacy and Safety of G-CSF Therapy in Chagas Cardiomyopathy:
A Phase Il Double-Blind, Randomized, Placebo-Controlled Clinical
Trial

Carolina T Macedo*, Ticiana F Larocca*, Marcia Noya-Rabelo, Roque Aras Junior, Cristiano R B Macedo,
Moisés | Moreira, Alessandra C Caldas, Jorge A Torredo, Victor M A Monsao, Clarissa L M Souza, Juliana F
Vasconcelos, Milena R Bezerra, Daniela P Petri, Bruno S F Souza, Antonio G F Pacheco, Andre Dabher,
Ricardo Ribeiro-dos-Santos, Milena B P Soares
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Senai Institute on Innovation in Advanced Health Systems, SENAI CIMATEC, Salvador, Brazil (C T
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Summary

Background Chronic Chagas cardiomyopathy (CCC) is a life-threatening clinical condition responsible for most
of the morbidity and mortality of Chagas disease with no effective treatment. Previous studies showed that
granulocyte-colony stimulating factor (G-CSF) improved heart function models of CCC. Herein, we report the
interim results of the safety and efficacy of G-CSF therapy versus placebo in adults with Chagas cardiomyopathy

Method This was a double-blind, randomized, placebo-controlled trial designed to evaluate the efficacy and safety
of G-CSF therapy with concomitant use of standard heart failure therapy in patients with CCC. Patients with CCC
between 20 and 75 years of age, New York Heart Association (NYHA) functional class Il to 1V, and left ventricular
ejection fraction (LVEF) 50% or below were included. A randomization list using blocks of 2 and 4 and an
allocation rate of 1:1 was generated by R software which was stratified by functional class. Double blinding was
done to both arms and assessors were masked to allocations. All patients received standard HF treatment for 2
months before 1:1 randomization to either the G-CSF (10 mcg/kg/day subcutaneously) or placebo group (1 mL of
0-9% saline subcutaneously). Both groups received 4 cycles of subcutaneous injections for 5 consecutive days on
top of HF treatment. The primary endpoint was either maintenance or improvement of NYHA class from baseline
to 6 and 12 months after treatment, and intention-to-treat analysis was used. This trial is registered with
ClinicalTrials.gov (NCT021542609).

Findings Between September 24, 2015 and July 30, 2018 we screened 535 patients with CCC in Salvador, Brazil,
of whom 37 were randomized. Overall, baseline characteristics were well balanced between groups. Most patients
had NYHA class Il heart failure (86-4%); low mean LVEF was 32 + 7% in the G-CSF group and 33 £ 10% in the
placebo group. Frequency of primary endpoint was 78% (95% CI 0-60-0-97) vs. 66% (95% CI 0-40-0-86), p =
0-47, at 6 months and 68% (95% CI 0-43-0-87) vs. 72% (95% CI 0-46-0-90), p = 0-80, at 12 months in placebo
and G-CSF groups, respectively. G-CSF treatment was safe, without any related serious adverse events. There was
no difference in mortality between both arms, with five deaths (18-5%) in treatment versus four (12-5%) in placebo
arm. Exploratory analysis demonstrated that the maximum rate of oxygen consumption during exercise (VO, max)
showed an improving trend in the G-CSF group.

Interpretation G-CSF therapy was safe and well tolerated in 12 months of follow up. Despite of prevention of
symptom progression could not be demonstrated in the present study, our results support further investigation of
G-CSF therapy in Chagas cardiomyopathy patients.

Funding The Fiocruz Programme of Excellence in Clinical Research, through the Brazilian National Council of
Research (CNPq).
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Introduction

Chronic Chagas cardiomyopathy (CCC) is a life-threatening clinical condition that is responsible for most of the
morbidity and mortality caused by infection by the protozoa Trypanosoma cruzi. About 30% of asymptomatic
infected patients, i.e., those who have the indeterminate form of Chagas disease, will develop cardiac
manifestations at some point in their lives, although this might take up to 30 years to occur following the primary
infection. The main clinical features include heart failure, sudden death, arrhythmias, stroke, and systemic
embolism, with sudden death (55-60%) and heart failure (25-30%) as the most common causes of death.*?

CCC is the leading cause of non-ischemic heart failure in Latin America, with most of the 2 million cases and
12,500 deaths per year occurring in Brazil and Argentina (Andrade et al., 2011).3“ Chagas disease prevalence is
also increasing in Europe and in the USA. In the USA, it is currently estimated that 30,000 to 40,000 individuals
may have CCC, and Chagas disease has already been listed by the Centers for Disease Control (CDC) as one of
the five most neglected parasitic infections.®

Although the first reports of Chagas disease date back more than 100 years, the pathogenesis of CCC is
still not fully understood. Several studies have demonstrated that the persistence of T. cruzi causes permanent
myocardial inflammation due to both direct parasite—target response and infection-trigged auto-reactivity, leading
to interstitial edema, fibrosis, apoptosis, and chronic myocarditis.5

Currently, nifurtimox and benznidazole are the only effective anti-trypanosomal therapies available for
Chagas disease, but their use is not recommended in patients with chronic cardiomyopathy due to the lack of
evidence that these drugs can potentially avert progression of the disease.”® Despite its unique pathophysiological
mechanism, standard therapy for CCC is the same as that used to treat any other heart failure syndrome, usually
including beta blockers, diuretics, angiotensin-converting enzyme inhibitors (or angiotensin receptor blockers),
and spironolactone. Management of late-phase chronic cardiac disease may also include implanted cardiac
defibrillators and pacemakers. Heart transplantation is not widely performed as it has significant disadvantages,
such as high cost, a limited number of donors, and potential complications of immunosuppressive therapy.*’
Therefore, new therapeutic approaches, mainly targeting specific features of the pathogenic mechanisms of CCC,
are urgently needed.

Granulocyte colony-stimulating factor (G-CSF) is a pleotropic cytokine widely used in clinical practice
essentially as an adjunctive drug to chemotherapy, due to its ability to induce granulopoiesis and mobilize bone
marrow-derived stem cells to the peripheral blood for bone marrow transplantation. The G-CSF receptor is
expressed in several cell types, including immune cells, and G-CSF treatment was shown to induce T cell tolerance
in several immune-mediated disease models.® Moreover, there is evidence that G-CSF induces cardiomyogenesis
and plays an important role in heart development during embryogenesis.®*! Therefore, this cytokine has been
explored over the last few years as a potential adjuvant therapy for cardiac diseases.'?

In previous studies, it was shown that G-CSF administration improved exercise capacity; reduced
inflammation, fibrosis, and tissue parasitism; and modulated the production of pro-inflammatory mediators in a
mouse model of CCC.13%* These effects were attributed, at least partially, to the immunomodulatory activity of G-
CSF.%* In addition, genetically modified mesenchymal stem cells overexpressing G-CSF have also demonstrated
immunomodulatory effects by reducing inflammatory mediators, leukocyte infiltration, and myocardial fibrosis.*®

In an attempt to address the lack of effective therapy for CCC, we performed a double-blind, randomized,
placebo-controlled clinical trial to evaluate the efficacy and safety of G-CSF therapy with concomitant use of
standard heart failure therapy in patients with CCC.

Research in context
Evidence prior to this study

Benznidazole and nifurtimox are trypanocide drugs that have great efficacy in the acute phase of Chagas disease.
However, both are related to a significant number of side effects, with poor clinical effect in the chronic phase of
the disease. Chronic Chagas cardiomyopathy (CCC) is a life-threatening clinical condition that is responsible for
most of the morbidity and mortality of the disease. Despite its unique pathophysiologic mechanism, the standard
treatment for CCC is the same as that used to address heart failure (HF) caused by other etiologies. We searched
PUBMED register for randomized clinical trials published until 2021 focused in CCC treatments. We identified
five randomized controlled trials, one using cell therapy, one using benzonidazole, one using omega 3 fatty acid,
one using selenium and one using carvedilol plus enalapril. Only two of them analyzed disease progression. The
first one, conducted by our group, concluded that intracoronary cell therapy does not have additional benefits over
standard therapy for CCC in patients with severe heart failure. The second trial concluded that benznidazole did
not significantly reduce cardiac clinical progression within five years of follow-up. Other strategies for the
treatment of Chagas disease are being studied and focus mainly on modulating myocarditis, fibrosis, and
myocardial regeneration.

Added value of this study

Granulocyte colony-stimulating factor (G-CSF) is a pleotropic cytokine widely used in clinical practice, mainly as
an adjunctive drug to chemotherapy, due to its ability to induce granulopoiesis. It can also promote the mobilization
of bone marrow-derived stem cells to the peripheral blood for bone marrow transplantation. This cytokine has been
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explored over the last few years as a potential adjuvant therapy in cardiac disease, as it is known to be essential to
heart development at the earliest stages, and there is also evidence that it induces cardiomyogenesis. In previous
experimental studies, our group demonstrated that G-CSF therapy in animal models of CCC was able to reduce
myocardial fibrosis, inflammation, and arrhythmias. Moreover, there was a significant improvement in functional
capacity. We also showed that genetically modified mesenchymal stem cells overexpressing G-CSF had increased
immunomodulatory effects, which ultimately led to a reduced number of inflammatory mediators and lower levels
of leukocyte infiltration and myocardial fibrosis.

Implications of all the available evidence

This study is the first randomized clinical trial to assess the effects of G-CSF in Chagas cardiomyopathy. It
provides a new treatment strategy that could avert heart disease progression by immunomodulatory actions,
leading to improvements in myocarditis, myocardial fibrosis, and regeneration.

Methods
Study design

This study was a double-blind, randomized, placebo-controlled, prospective, comparative superiority trial designed
to evaluate the efficacy and safety of G-CSF therapy with concomitant use of standard heart failure therapy in patients
with CCC, conducted at two tertiary hospitals in Salvador, northeast Brazil: Hospital Sdo Rafael (HSR) and Hospital
Edgard Santos. Double-blinding was limited to the G-CSF and placebo arms.

All patients received standard therapy for heart failure and were randomly assigned to additionally receive
either: (a) 10 mcg/kg/day of G-CSF, or (b) 1 mL of 0-9% saline as placebo. Both groups received four cycles of
subcutaneous injections for five consecutive days of either saline or G-CSF solution prepared for administration
with indistinguishable 1 mL syringes. There were nine-day intervals (a weekend followed by a full week) between
cycles. G-CSF was manufactured by the Aché laboratory. If G-CSF therapy effectiveness were demonstrated at
the end of the study, patients in the placebo arm were offered G-CSF treatment. The clinical study protocol and
informed consent form were reviewed and approved by the Ethics Committee at HSR (Certificate of Presentation
of Ethical Appreciation number 22133513.4.0000.0048), which was accredited by the Brazilian National Council
on Ethics in Research (CONEP), Ministry of Health. The study was registered at https://www.clinicaltrials.gov on
06/03/2014 (unique identifier: NCT02154269) and was conducted in accordance with Good Clinical Practice
Guidelines (GCP) and Brazilian National Health Council resolution 466/20121. During the study, monitoring visits
were conducted carried out to ensure GCP adherence.

Study participants

Between September 24, 2015 and July 30, 2018, we screened 535 patients with Chagas cardiomyopathy in
Salvador, Bahia, Brazil, of whom 37 were randomized. The inclusion criteria were previous diagnosis of heart
failure as per the Framingham criteria; Chagas disease diagnosis confirmed by two serological tests using distinct
methods; age between 20 and 75 years; New York Heart Association (NYHA) functional class 11 to 1V heart
failure; and echocardiogram showing left ventricular ejection fraction (LVEF) of 50% or below using the Simpson
method. Exclusion criteria were: severe valvular heart disease (except for functional mitral or tricuspid
regurgitation); myocardial infarction or history of confirmed coronary artery disease; viral myocarditis; alcohol or
drug abuse; acute or chronic kidney disease or previous dialysis therapy; evidence of acute systemic infection;
chronic obstructive pulmonary disease with continuous use of steroids or bronchodilators; liver, blood, and
neoplastic diseases or hemostasis disorders; chronic inflammatory or infectious diseases; other diseases that could
affect life expectancy; any other comorbidity affecting 2-year survival; pregnancy confirmed by human chorionic
gonadotropin (B-hCG) testing; and breastfeeding.

Written informed consent was obtained from every subject prior to enrolment. If the study subject was
illiterate, an impartial third party witnessed the informed consent process. All subjects were informed of the nature
and possible associated risks of the trial and that they were free to withdraw their consent to participate at any
time. The investigators and study staff ensured confidentiality of all records.

Randomization and masking

A randomization list using blocks of 2 and 4 and an allocation rate of 1:1 was generated by R software version 3.2.
using the Mersenne—Twister method, which was stratified by functional class. The study coordinators provided
sealed opaque envelopes. Subjects, clinical study staff, statisticians, and investigators were masked to treatment
assignment. Two nurses, a medical investigator, and a hematologist were not blinded. The hematologist was
responsible for checking the full blood count on a regular basis in order to monitor G-CSF safety. The blinded
investigators did not have access to full blood count tests. The nurses were responsible for preparing and
administering the treatments. All laboratory tests, clinical assessments, exams, and imaging were masked to group
allocation.

Procedures
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Before randomization, all patients received standard heart failure treatment for 2 months in order to optimize
baseline drugs and doses for the follow-up visits. According to the current heart failure guidelines, ' when the study
was started, the standard drug regimen for CCC was spironolactone (25 mg/day); furosemide and digoxin, in
selected cases; captopril (37.5-150 mg/day); or hydralazine (75 mg/day) with isosorbide mononitrate (20 mg/day),
in case of contraindication with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers;
carvedilol (6.25-50 mg/day); and amiodarone (200—400 mg/day), if appropriate.

After this 60 day period, all patients underwent clinical evaluation and were submitted to the following
baseline tests: urinalysis, blood indices (including full blood count, renal function, electrolytes, liver function,
troponin |, ultrasensitive PCR, N-terminal brain natriuretic peptide (NT-proBNP), cytokines, transthoracic
echocardiogram, 6 min walk test, treadmill test, cardiac magnetic resonance, 24 h electrocardiogram (ECG)
reading, 12-lead conventional electrocardiogram, urinary and serum B-hCG test (before every treatment cycle, if
appropriate), and chest x-ray. The echocardiogram was performed according to current guidelines and the Simpson
rule was used to calculate LVEF. Complete follow-up assessments were performed at 6 and 12 months after
treatment. Hematologic assessments were done after every treatment cycle.

Outcomes

The primary outcome, NYHA functional class, was assessed at baseline and at 6, 9, and 12 months of follow-up
by a blinded cardiologist. According to the protocol, improvement was defined as either regression or maintenance
of baseline functional class within 12 months of follow-up for patients in NYHA class Il or I11 and regression of
functional class, or no more than one hospitalization due to acutely decompensated heart failure during follow-
up-for patients in NYHA class IV.

Secondary efficacy endpoints included LVEF (measured by echocardiogram and cardiac magnetic
resonance), functional capacity (assessed by treadmill test and 6-minute walking test), quality of life (Minnesota
Living with Heart Failure Questionnaire), presence of tachyarrhythmia on 24 h ECG reading, prognostic
biomarkers of heart failure (NT-proBNP), and cytokine profile (tumor necrosis alpha (TNF-a) concentration). The

study time chart is presented in Figure 1.
4’| G-CSF treatment ‘

| Randomization
Outpatient
optimization —'| Placebo ‘
Screening
| | | |
\ \ ! |
-60 days -4 days Day 1 6 months 1 year
Baseline Inclusion Endpoint Endpoint
assessments assessments assessments

Figure 1: Study time chart. Patients were screened for eligibility before optimization of pharmacological therapy
for at least 8 weeks. Patients included in study were randomized to receive granulocyte-colony stimulating factor
(G-CSF) or placebo and were followed up for 12 months.

A safety analysis was conducted in the intention-to-treat population, describing frequency, causality, and
severity of adverse events (AEs) in each arm. All AEs were subdivided into serious and non-serious events, and
were also classified as not related, probably related, or highly likely related to the assigned treatment.

Patients were encouraged to seek immediate advice from the investigators if any AE was suspected. AEs
were reported using the Medical Dictionary for Regulatory Activities (MedDra). All clinical or laboratory
abnormalities were categorized as grade | to IV according to the Common Terminology Criteria for Adverse
Events (CTCAE) of the National Cancer Institute. Any suspected serious AEs (by standard definitions) were
reported to the sponsor and to the Ethical Review Committee.

A Data and Safety Monitoring Board (DSMB) was established by the study coordinators, composed of
Chagas disease specialists, a cardiologist, a statistician, and another health professional. Meetings occurred
periodically, and all changes in the study protocol had to be approved by an independent DSMB and the local
ethical committee.

Statistical analysis



52

Study data were collected and managed using Research Electronic Data Capture (REDCap) electronic data capture
tools hosted at the Oswaldo Cruz Foundation (FIOCRUZ). REDCap is a secure, web-based software platform
designed to support data capture, including double entry.

This study was powered to provide evidence of the superiority of G-CSF treatment over placebo. Based on the
current literature, subjects with NYHA functional class Il to IV heart failure treated only with standard therapy were
expected to have a functional class improvement of 10% in the placebo group and 40% in the G-CSF group during
12-month follow-up. Thus, for a 30% absolute difference in NYHA class to be detected with a 95% confidence level
and 80% statistical power, a sample size of 29 subjects per treatment group was needed. Taking into account a 15%
loss of follow-up in 12 months, the final sample size was 35 subjects per treatment group. An interim analysis with
half the sample size was planned in the DSMB charter. Those interim results are presented here, using intention-to-
treat analysis.

Primary endpoint analysis was done by intention-to-treat and for missing data, last observation carrying
forward as replacement strategy was used, and death before final assessment was considered as treatment failure.

Baseline characteristics and adverse events of the study population were summarized using descriptive
statistics with frequencies and percentages for categorical variables. For numerical variables, mean and standard
deviation (SD) values were used.

The proportions of categorical variables were compared using Pearson’s chi-squared test with Yates’s
continuity correction at a significance level of 5%. Differences in continuous variables between groups were
compared using the t test or Mann-Whitney test. Two-sided p-values <0-05 were considered statistically
significant. Analyses were performed using IBM SPSS statistics software version 25.

Role of funding source

The Fiocruz Programme of Excellence in Clinical Research, through the Brazilian National Council of Research
(CNPq), a public organization, sponsored this study. It had a role in study design, monitoring, and data analysis,
and no role in data collection, data interpretation or writing of the report. The corresponding author had full access
to all data and the final responsibility to submit for publication.

Results

A total of 535 subjects were assessed for eligibility at both trial sites (Hospital Sdo Rafael and Hospital Edgard
Santos) in Salvador, Brazil, from September 2015 to October 2018. Thirty-seven subjects were randomized (1:1)
to one of the treatment arms: (a) G-CSF (10 mcg/kg/day) with concomitant use of standard heart failure therapy,
or (b) 0-9% saline plus standard heart failure therapy (placebo). Eighteen subjects were allocated to the treatment
group and 19 to the placebo group. The main reason for not including the majority of subjects was unavailability
for follow-up, as the vast majority of patients lived in the countryside or remote areas. Nine patients died during
follow-up (figure 2).
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Figure 2: Flowchart showing the flow of patients throughout the trial. ITT, intention-to-treat.

The baseline characteristics of the subjects were similar between the treatment groups (table 1).

Table 1: Baseline characteristics of subjects

Treatment groups

Placebo + SHFT G-CSF + SHFT
(19 subjects) (18 subjects)
Gender Male 11 (57-8%) 10 (55-0%)
1l 16 (43-2%) 16 (43-2%)
NYHA class
1 or IV 3(8-1%) 2 (5-4%)
Hypertension No 12 (63%) 14 (77%)
Dyslipidemia No 12 (63%) 9 (50%)
Age (years) 59 (£8) 60 (£8)
BMI 24.38 (+7-14) 23.33 (+5.94)
LVEF (Simpson method) 33 (x10) 32 (17)

Absolute number and percentage (%) were used to present categorical variables. Quantitative data presented using
mean + standard deviation (SD). SHFT, standard heart failure therapy; NYHA, New York Heart Association; BMI, body mass
index; LVEF, left ventricular ejection fraction.

The primary outcome was measured by evaluating NYHA functional class improvement, comparing baseline
with 6 and 12-month data. All 37 subjects were included in this intent-to-treat analysis. Death before end of follow-
up was considered as deterioration. The overall frequency of either maintenance or improvement of clinical
condition was primary endpoint was 78% (95% CI 0-60-0-97) vs. 66% (95% CI 0-40-0-86), p = 0-47, at 6 months
and 68% (95% CI 0-43-0-87) vs. 72% (95% CI 0-46-0-90), p = 0-80, at 12 months in placebo and G-CSF groups,
respectively (figure 3).
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Figure 3: Progression of NYHA functional class at 6 and 12 months (p = 0-47 and 0-80, respectively).

The distribution across the NYHA classes in both groups at inclusion (T = 0) and at 6 and 12 months after
treatment is shown in figure 4.
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Figure 4: NYHA class distributions at baseline (T = 0) and at 6 and 12 months after treatment (p =
0-20 and 0-38, respectively).

The secondary outcomes included improvement of LVEF (as measured by echocardiogram) at 6 and 12
months compared to baseline results (table 2). The frequency of improvement in placebo and G-CSF arms was
23% vs. 26% (p = 0-83) at 6 months and 31% vs. 20% at 12 months, respectively (p = 0-47). The difference in
percentage of myocardial fibrosis measured by cardiac magnetic resonance at baseline and 12 months between
placebo (23-5%) and G-CSF (30-6%) groups was not significant (p = 0-23).

Twenty-two subjects performed a treadmill test at enroliment and the last follow-up visit. Nine subjects (41%)
had 10% higher oxygen consumption than at baseline. Although not statistically significant, the maximum oxygen
consumption at 12 months was better in the G-CSF group than in the placebo group, showing a tendency of
improvement (p = 0-06). Quality of life was assessed using the Minnesota questionnaire at randomization and at
6 and 12 months. An independent samples median test of the total score showed no statistical difference between
the groups at 6 or 12 months (p = 1-0 and 0-69).

Table 4: Secondary endpoints at baseline and 12 months after treatment

Group Baseline p-value 12 months p-value
e e ST s mEm o
- - L
Myocardial ibrosis (%) (1 er 2;’:5(2?:)1) 0-75 > 56((1193 97)) 0-23
S mines wakingtest 2D 450 050 4a0) 0 50 oan 500 o
VLHL Gost (2167 043 s 023

LVEF, left ventricular ejection fraction; VO, max, maximum oxygen consumption during exercise (mL/kg/min).
Myocardial fibrosis evaluated by cardiac magnetic resonance. Six-minute walking test distance: median (first to
third quartile). Scores for Minnesota Living with Heart Failure (MLHFQ) physical subscale range from 0 to 40,
emotional subscale from 0 to 25, and total scale from 0 to 105, with higher scores indicating worse health status.

Analysis of incidence of non-sustained ventricular tachycardia (NSVT) was performed by 24 h ECG
monitoring. At 12 months, the median NSVT was maintained in the G-CSF group and increased in the placebo
group compared to baseline, even though no statistical significance was found (p = 0-7).

N-terminal pro-BNP (NT-proBNP) concentration was measured at enrollment and at 12 months, and no statistical
significance was detected between the groups at both time points (p = 0-47 and 0-86, respectively). The results are
presented in table S1.

Finally, tumor necrosis factor-alpha (TNF-a) concentration was measured as an exploratory analysis. We
found a significant increase in TNF-a concentration at days 5 and 47 during the G-CSF application period,
followed by a decrease in concentration until the values were similar to those in the placebo group at 12 months
(p = 0-69). These results are demonstrated in table S2.

There were 11 deaths during the study, two of which happened before randomization. Overall mortality was
24-3% and, out of the nine remaining deaths, five occurred in the treatment group and four in the placebo group.
Fifty-nine serious adverse events (SAE) were reported, none of which were related to G-CSF treatment. The
classification of SAEs and their frequency per treatment group is presented in table 3.

Table 3. Classification and frequency of serious adverse events (SAES) per treatment group
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Placebo G-CSF
SAE (32 SAEs) (27 SAEs)
n (%) n (%)
Death 4 (12-5%) 5 (18:5%)
Life-threatening 8 (25-0%) 7 (25-9%)
Inpatient hospitalization or prolonged existing hospitalization 20 (62-5%) 9 (33:3%)
Clinically significant 0 (0-0%) 6 (22-2%)

n: total number of events in each group, not number of patients who had events.

A total of 283 adverse events were reported using MedDra. The AEs were aggregated using the system organ
classes (SOC), and those with a frequency higher than 3-0% in either treatment arm are presented in table 4.

Table 4: AEs with a frequency higher than 3.0% per treatment arm

Placebo G-CSF
AE (108 AEs) (148 AEs)
n (%) n (%)
Cardiac disorders 7 (6-4%) 5 (3:3%)
Gastrointestinal disorders 28 (25-9%) 25 (16-8%)
General disorders and administration site conditions 16 (14-8%) 31 (20-9%)
Infections and infestations 5 (4-6%) 14 (9-4%)
Investigations (other clinical disorders investigated)* 4 (3-7%) 5 (3-3%)
Metabolic and nutrition disorders 6 (5-5%) 1 (0-6%)
Musculoskeletal and connective tissue disorders 13 (12-0%) 18 (12-1%)
Nervous system disorders 12 (11-1%) 16 (10-8%)
Reproductive system and breast disorders 1 (0-9%) 6 (4-0%)
Respiratory, thoracic, and mediastinal disorders 11 (10-1%) 19 (12-8%)
Skin and subcutaneous tissue disorders 1 (0.9%) 6 (4-0%)
Vascular disorders 4 (3-7%) 2 (1-3%)

*: total number of events in each group, not number of patients who had events.

Discussion

Chronic Chagas cardiomyopathy (CCC) is a life-threatening condition for which no specific and effective treatment
has been found. Since drug repurposing is the quickest research and development strategy to deliver a new
treatment, our group designed this trial in an attempt to repurpose G-CSF as a potential treatment for CCC, given
its well-established safety profile and promising results in experimental models of this disease. The present study
was the first randomized clinical trial assessing the effects of therapy with G-CSF in symptomatic patients with
CCC. Although it was well tolerated, no statistically significant clinical improvement was demonstrated in terms
of efficacy.

The New York Heart Failure (NYHF) classification has been shown to be an independent predictor of
mortality in patients with chronic heart failure, including Chagas cardiomyopathy.*” Additionally, it is easily
applied, well validated, and widely used for risk stratification in heart failure. In this study, for most of the subjects,
their NYHA classification was either maintained or improved during the study follow-up. This may have been the
result of standard heart failure treatment optimization before randomization and close monitoring throughout the
follow-up, as the same trend was observed in both study arms. No parameters used to evaluate the influence of G-
CSF treatment were statistically significant, including the primary outcome (NYHA); however, there was a trend
showing that G-CSF treatment could potentially avert the natural progression of CCC, promoting some
improvement in the clinical condition of patients 6 months after treatment. This may indicate that a different
treatment regimen, with courses of G-CSF distributed over longer periods, might be more effective in inducing
prolonged improvement in CCC.

Regarding cardiomyopathies with other etiologies and the use of G-CSF, the overall mortality in our study
was higher (24-3%). A study recently published on ischemic cardiomyopathy showed an overall mortality of
15-8% with no statistical difference between G-CSF and placebo groups.*® However, we did not expect to have a
similar mortality rate, as it is well known that CCC carries a worse prognosis with a higher mortality rate compared
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to heart failure with other etiologies. In a recent study, mortality from cardiovascular and other causes was 40%
higher in patients with CCC than in patients with ischemic heart disease.® Our study might more accurately reflect
this aspect, as we had a follow-up period of 12 months. Our mortality rate is in keeping with what was described
by Shen and collaborators. Their overall mortality rate by CCC was 29-2% in a study with more than 2000 patients
comparing cardiovascular mortality and hospitalization between heart diseases with different etiologies, including
Chagas.1%°

The relationship between myocardial fibrosis with ventricular dysfunction and cardiac arrhythmias in patients
with CCC is well established.?! In our study, assessment of fibrosis by cardiac magnetic resonance showed a trend
in regression of myocardial fibrosis in 18-8% of patients, without a significant difference between the groups. This
reduction in the percentage of myocardial fibrosis, along with some improvement in the incidence of cardiac
arrhythmias, was previously demonstrated by our group in an experimental model of CCC.3'> A possible
explanation for the better therapeutic response in mice is the earlier time of intervention during the course of the
disease, when the inflammatory response and fibrosis may be more effectively modulated by G-CSF.

The influence of the timing of G-CSF administration on its effects has been suggested in the literature. Several
studies demonstrated that earlier application of G-CSF led to further improvement in parameters such as functional
class, left ventricular function, and cardiac remodeling.?82224 |n our study, G-CSF therapy was carried out at an
advanced stage of the disease, in patients with greatly reduced left ventricular function. It is reasonable to suppose
that earlier administration of G-CSF could potentially promote better results. Additionally, the worst response to
G-CSF in patients with Chagas disease, compared to other cardiomyopathies, might also be related to differences
in their pathogenesis. In addition to the presence of the parasite, CCC has greater myocardial inflammatory
infiltrates, as shown by an analysis of explanted hearts from patients with CCC compared to other etiologies of
heart failure.?®

Other studies have also shown that G-CSF can improve left ventricular function and reduce cardiac
remodeling and TNF-a levels.'*'823 Here we found a transient increase in G-CSF-treated group, which decreased
to levels similar to those of placebo group at the end of follow up. We also measured the concentration of NT -
proBNP, a biomarker that is strongly correlated with NYHA functional class, as previously described.?® No
statistically significant differences in NT-proBNP concentration between the experimental groups were
demonstrated.

Regarding exercise tolerance, the maximum rate of oxygen consumption during exercise (VO,) is an index
widely used to objectively assess exercise capacity and cardiovascular reserve. Szlachcic et al. demonstrated that
the survival rate in individuals with VO, levels greater than 10 mL/kg/min was 80%, whereas it was 20% in those
with lower VO, levels.?” Mady et al. demonstrated that the VO, level, along with LVEF, was an independent
predictor of mortality during a 30-month follow-up of patients with CCC.%8 In our study, there was a trend of
improved VO, in the G-CSF group at 12 months, but it did not reach statistical significance.

For quality-of-life assessment, the Minnesota Living with Heart Failure (MLHF) questionnaire was used.
Although not statistically significant, the difference between groups was greater in the final evaluation at 12 months,
with a tendency toward lower scores (better quality of life) in the G-CSF group. B

The follow-up duration also may have had an influence on the results. Although 12 months might have been
adequate for assessing functional class and quality of life, this period is unlikely to be long enough to show differences
in parameters with slower and more progressive changes, such as left ventricular function, myocardial fibrosis, and
functional capacity on exercise testing. In fact, assessment of G-CSF treatment showed benefits when patients with
ischemic cardiomyopathy were evaluated 10 years after treatment.®

A low recruitment rate and a lack of statistically significant results are the main limitations of our study and
were considered relevant enough to halt the study following the interim analysis.

Despite its limitations, our study shows that treatment with G-CSF is safe in patients with chronic Chagas
cardiomyopathy, with no significant differences between groups regarding the incidence of adverse events and
mortality. This is consistent with the current scientific evidence showing that G-CSF has been widely applied in
clinical practice with few serious side effects.>%0

The possible efficacy of this therapy in Chagas cardiomyopathy still needs to be clarified, possibly by testing
the administration of G-CSF earlier in the course of the disease and with a longer follow-up period, since G-CSF
is a cytokine with proven benefits in studies using experimental models of CCC and clinical studies of heart failure
with other etiologies.

In conclusion, G-CSF therapy in CCC is safe and well tolerated, but its efficacy in preventing clinical progression
of the disease could not be demonstrated in the present study.

Contributors

AD., CT.M, T.F.L, MB.P.S.,, R.R.d.S., and A.G.P. participated in the study concept and design. C.T.M. and
T.F.L. were the principal investigators. C.T.M., T.F.L., M.d.R.B., D.P.P., B.S.d.F.S.,C.L.e.M.d.S., M.N.-R.,
R.A.J., and C.R.B.d.M. conducted data collection and quality assurance. J.F.V, V.M.AM., M.I.LM., A.C.C., and
J.A.T. performed imaging exams and laboratory analysis. A.D., C.T.M., and A.G.P. performed data analysis. A.D.,
C.T.M,, T.F.L, M.B.P.S., and A.G.P. participated in interpretation of the data and writing and critical revision of
the manuscript. All authors have read and agreed to the published version of the manuscript.



57

Declaration of Interests

The authors declare they do not have a known conflict of interest.

Acknowledgments

The authors thank all subjects who participated in this study, Hospital Sdo Rafael and Hospital Edgard Santos,
and the VPPCB/FIOCRUZ teams.

References

1  Rassi AJr, Rassi SG, Rassi A. Sudden death in Chagas’ disease. Arq Bras Cardiol 2001; 76: 86-96.

2 Rassi AJr, Rassi A, Marin-Neto JA. Chagas heart disease: Pathophysiologic mechanisms, prognostic factors
and risk stratification. Mem Inst Oswaldo Cruz 2009; 104: 152-158.

3 Rassi AJr, Rassi A, Marin-Neto JA. Chagas disease. Lancet 2010; 375: 1388-1402.

4 de Andrade JP, Neto JAM, de Paola AAV, et al. | Latin American Guidelines for the diagnosis and treatment
of Chagas’ heart disease: Executive summary. Arq Bras Cardiol 2011; 96: 434-442.

5 Bern C, Montgomery SP. An estimate of the burden of Chagas disease in the United States. Clin Infect Dis
2009: 49: e52-e54.

6  Marin-Neto JA, Cunha-Neto E, Maciel BC, Simdes MV. Pathogenesis of chronic Chagas heart disease.
Circulation 2007; 115, 1109-1123.

7  Dias JCP, Ramos NAJr, Gontijo ED, et al 1l Consenso Brasileiro em doenga de Chagas, 2015. Epidemiol
Serv Saude 2016; 25: 7-86.

8 Rutella S, Zavala F, Danese S, Kared H, Leone G. Granulocyte colony-stimulating factor: A novel mediator of T
cell tolerance. J Immunol 2005; 175, 7085-7091.

9 Hamamoto M, Tomita S, Nakatani T, et al. Granulocyte-colony stimulating factor directly enhances
proliferation of human troponin I-positive cells derived from idiopathic dilated cardiomyopathy through
specific receptors. J Heart Lung Transplant 2004; 23, 1430-1437.

10 Shimoji K, Yuasa S, Onizuka T, et al. G-CSF promotes the proliferation of developing cardiomyocytes in
vivo and in derivation from ESCs and iPSCs. Cell Stem Cell 2010; 6: 227-237.

11 Tsukamoto T, Sogo T, Ueyama T, et al. Chimeric G-CSF Receptor-Mediated STAT3 Activation Contributes
to Efficient Induction of Cardiomyocytes from Mouse Induced Pluripotent Stem Cells. Biotechnol J 2020;
15: €1900052.

12 Pourtaji A, Jahani V, Moallem SMH, Karimani A, Mohammadpour AH. Application of G-CSF in Congestive
Heart Failure Treatment. Curr Cardiol Rev 2019; 15: 83-90.

13 Macambira SG, Vasconcelos JF, Costa CRS, et al. Granulocyte colony stimulating factor treatment in chronic
Chagas disease: Preservation and improvement of cardiac structure and function. FASEB J 2009; 23: 3843-
3850.

14 Vasconcelos JF, Souza BSF, Lins TFS, et al. Administration of granulocyte colony stimulating factor induces
immunomodulation, recruitment of T regulatory cells, reduction of myocarditis and decrease of parasite load
in a mouse model of chronic Chagas disease cardiomyopathy. FASEB J 2013; 27: 4691-4702.

15 Silva DN, Souza BSF, Vasconcelos JF, et al. Granulocyte-colony stimulating factor-overexpressing
mesenchymal stem cells exhibit enhanced immunomodulatory actions through the recruitment of suppressor
cells in experimental Chagas disease cardiomyopathy. Front Immunol 2018; 9: 1449.

16  Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute and
Chronic Heart Failure. Rev Esp Cardiol 2016; 18: 891-975.

17 Scrutenid D, Lagioia R, Ricci A, Clemente M, Boni L, Rizzon P. Prediction of mortality in mild to moderately
symptomatic patients with left ventricular dysfunction: The role of the New York Heart Association
classification, cardiopulmonary exercise testing, two-dimensional echocardiography and Holter Monitoring.
Eur Heart J 1994; 15: 1089-1095.

18 Leone AM, D’Amario D, Cannata F, et al. The Effects of Granulocyte Colony-Stimulating Factor in Patients
with a Large Anterior Wall Acute Myocardial Infarction to Prevent Left Ventricular Remodeling: A 10-Year
Follow-Up of the RIGENERA Study. J Clin Med 2020; 9: 1214.

19 Rohde LEP, Montera MW, Bocchi EA, et al. Diretriz Brasileira de Insuficiéncia Cardiaca Cronica e Aguda.
Arq Bras Cardiol 2018; 111: 436-539.

20 Shen L, Ramires F, Martinez F, et al. Contemporary characteristics and outcomes in Chagasic heart failure
compared with other nonischemic and ischemic cardiomyopathy. Circ Heart Fail 2017; 10: e004361.

21 Rochitte CE, Nacif MS, de Oliveira Junior AC, et al. Cardiac magnetic resonance in Chagas’ disease. Artif

Organs 2007; 31: 259-267.



58

22 Leone AM, Galiuto L, Garramone B, et al. Usefulness of granulocyte colony-stimulating factor in patients with
a large anterior wall acute myocardial infarction to prevent left ventricular remodeling (the RIGENERA study).
Am J Cardiol 2007; 100: 397-403.

23 Achilli F, Malafronte C, Maggiolini S, et al. G-CSF treatment for STEMI: final 3-year follow-up of the
randomised placebo-controlled STEM-AMI trial. Heart 2014; 100: 574-581.

24 Achilli F, Pontone G, Bassetti B, et al. G-CSF for Extensive STEMI. Circ Res 2019; 125: 295-306.

25 Larocca TF, Souza BSF, Macedo CT, et al. Assessment of syndecan-4 expression in the hearts of Trypanosoma
cruzi-infected mice and human subjects with chronic Chagas disease cardiomyopathy. Surg Exp Pathol 2018;
1:5.

26  Vilas-Boas F, Feitosa GS, Soares MBP, et al. Invasive and noninvasive correlations of B-type natriuretic peptide
in patients with heart failure due to Chagas cardiomyopathy. Congest Heart Fail 2008; 14: 121-126.

27  Szlachcic J, Massie BM, Kramer BL, Topic N, Tubau J. Correlates and prognostic implication of exercise
capacity in chronic congestive heart failure. Am J Cardiol 1985; 55; 1037-1042.

28 Mady C, Cardoso RH, Barretto AC, da Luz PL, Bellotti G, Pileggi F. Survival and predictors of survival in patients
with congestive heart failure due to Chagas’ cardiomyopathy. Circulation 1994; 90: 3098-3102.

29  Abdel-Latif A, Bolli R, Zuba-Surma EK, Tleyjeh IM, Hornung CA, Dawn B. Granulocyte colony-stimulating
factor therapy for cardiac repair after acute myocardial infarction: a systematic review and meta-analysis of
randomized controlled trials. Am Heart J 2008; 156: 216-226.€9.

30 Tigue CC, McKoy JM, Evens AM, Trifilio SM, Tallman MS, Bennett CL. Granulocyte-colony stimulating factor
administration to healthy individuals and persons with chronic neutropenia or cancer: an overview of safety
considerations from the Research on Adverse Drug Events and Reports project. Bone Marrow Transplant 2007;
40: 185-192.

Supplementary material
Table S1: NT-proBNP concentration per treatment group (pg/ml)

Treatment group N Mean P Value
(G-CSF vs Placebo)
Baseline Placebo 19 1574-74 (+1354-19) 0-47
G-CSF 16 2137-88 (+2798-59)
12 months Placebo 14 1854-71 (£2269-68) 0-86
G-CSF 11 170473 (+1855-99)

Values are mean + standard deviation. NT-BNP= N-terminal pro hormone of brain natriuretic

peptide

Table S2: TNF-a mean concentrations and standard deviation (SD) in pg/ml

Treatment group

Placebo G-CSF P value
Mean Mean G-CSF vs Placebo
D1 1.58 (£0.64) 1-51 (£0-63) 0-767
D5 1.63 (£0.73) 2:-62 (+1-02) 0-010
D47 1.34 (£0.48) 2-11 (+0-69) 0-002
12 months 1.28 (£0.69) 1-40 (£0-88) 0-692

Values are mean + standard deviation. D1, D5, D47 and 12 months are the days that blood

samples were collected.
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5. DISCUSSAO

A doenca de Chagas € uma doenca negligenciada com elevada prevaléncia,
morbimortalidade e significativo impacto para saude publica no Brasil. A CCC resultante da
evolucgéo da DC ndo tratada na fase aguda tem alta mortalidade com mais de 12.000 mortes/ano,
principalmente no Brasil (CARLOS PINTO DIAS et al., 2016). N&o h4, até hoje, tratamento
especifico para CCC, sendo que a terapia aplicada € a mesma que a usada para IC de outras
causas. O presente estudo foi o primeiro ensaio clinico randomizado a avaliar a terapia com G-
CSF no contexto de cardiomiopatia chagasica cronica. Apesar de o tratamento ter sido bem
tolerado, na analise de eficacia da terapia com G-CSF associada a terapia padrdo para
insuficiéncia cardiaca em pacientes sintomaticos portadores de cardiomiopatia chagasica ndo
observamos melhora significativa quando comparados os dois grupos experimentais.

O G-CSF vem sendo aplicado amplamente na pratica clinica com poucos efeitos
colaterais graves (ABDEL-LATIF et al., 2008; MILLER, 1994; POWLES et al., 1990; TIGUE
et al., 2007). Nosso estudo foi condizente com as evidéncias cientificas, sendo o tratamento
com G-CSF seguro e bem tolerado, ndo havendo diferencas significativas entre 0s grupos
quanto a incidéncia de eventos adversos e quanto a mortalidade.

Apesar de ndo significativa, a mortalidade geral em nosso estudo, de 24.3%, foi maior
em relacdo a um estudo prévio do nosso grupo em CCC. Neste estudo, foi analisado o uso de
G-CSF (1 ciclo) associado ao transplante de célula tronco mesenquimal. A taxa de mortalidade
geral foi de 7.1% em 2 meses de seguimento, sem relacdo significativa com o tratamento.
Contudo, como o tempo de seguimento foi menor neste estudo, podemos supor que a
mortalidade no nosso estudo foi maior devido ao tempo de seguimento mais prolongado de 12
meses. Por outro lado, Shen e colaboradores publicaram estudo com mais de dois mil pacientes,
comparando a mortalidade cardiovascular e internacéo hospitalar entre cardiopatias de diversas
etiologias, incluindo Chagas. Nesta avaliacdo, a CCC apresentou maiores taxas de
hospitalizacdo e mortalidade, sendo a mortalidade geral de 29.2%, compativel com a taxa de
mortalidade do nosso estudo (RASSI et al., 2018; SHEN et al., 2017; VILAS-BOAS et al.,
2006).

Em relacdo a cardiopatias de outras etiologias e 0 uso de G-CSF, a mortalidade geral do
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nosso estudo foi maior, em correspondéncia a evidéncias cientificas conhecidas. Estudo
recentemente publicado por Leone e colaboradores em cardiomiopatia isquémica mostrou que
a mortalidade geral foi de 15,8% sem diferenca estatistica entre os grupos G-CSF e terapia
padrdo. Apos 10 anos de seguimento, observou-se uma maior sobrevida no grupo G-CSF sem
diferenca entre os grupos quanto aos demais eventos adversos. (LEONE et al., 2020). Nesta
mesma 4area, 0 estudo intitulado STEM-AMI com seguimento de trés anos, também néo
demonstrou diferenca entre os grupos G-CSF e a terapia padrdo quanto a mortalidade e eventos
adversos (ACHILLI et al., 2014).

Portadores de cardiomiopatia chagésica tém maior mortalidade que pacientes com
cardiopatias de outras etiologias, sendo um grupo de maior risco. Em 2013, Vilas Boas e
colaboradores demonstraram que a cardiomiopatia secundaria a doenca de Chagas € um fator
preditor independente de mortalidade, com risco 3 vezes maior que a cardiomiopatia isquémica
(VILAS BOAS et al.,, 2013). Em outro estudo mais recente, a mortalidade por causa
cardiovascular e por outras causas foi 40% maior em portadores de CCC do que na cardiopatia
isquémica (SHEN et al., 2017).

Adicionalmente, a maior mortalidade no nosso estudo também pode estar relacionada a
gravidade do quadro clinico dos pacientes incluidos, cuja média da fracdo de ejecdo do
ventriculo esquerdo (FEVE) foi de 33% no grupo placebo e 32% no grupo G-CSF. A fracdo de
ejecdo do ventriculo esquerdo € importante marcador de progndéstico na insuficiéncia cardiaca
com maior mortalidade entre os pacientes com menores niveis desta fracdo. No estudo SOLVD,
a mortalidade em pacientes com FEVE entre 23% a 35% foi de 28%, naqueles com FEVE de
23% a 29%, a mortalidade foi de 39% e naqueles com FEVE de 6 a 22%, a mortalidade alcangou
50%. Outros estudos corroboram esta tendéncia (CINTRON et al., 1993; COHN et al., 1993;
YUSUF, 1991). Em relacdo a melhora da FEVE ao ecocardiograma e ressonancia magnética
cardiaca, ndo houve diferenca entre os grupos G-CSF e placebo ao final do estudo.

A gravidade dos sintomas em pacientes com IC esté relacionada com a mortalidade. A
classificacdo mais usada na pratica clinica e validada para graduacdo dos sintomas é a New
York Heart Association. Estudos demonstram mortalidade de 64% em pacientes em classe
funcional 1V e de 51%, 35% e 30% em classe funcional I11, Il e I, respectivamente (COHN et
al., 1993; YUSUF, 1991). Na avaliacdo de eficacia do estudo, ndo foi possivel demonstrar
diferenca significativa entre os grupos quanto ao desfecho primario. A evolucdo favoravel
(melhora ou estabilizacdo da CF) foi de 68% no grupo placebo e 72% no G-CSF. A mediana
da classe funcional também ndo diferiu entre os grupos nas avaliacfes de 6, 9 e 12 meses.

Este resultado ndo condiz com dados previamente publicados, no qual foi demonstrada
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uma tendéncia de melhora da classe funcional em pacientes portadores de CCC que fizeram
uso de 1 ciclo de G-CSF ap0s a administracdo de células mononucleares da medula 6ssea com
p<0,0001 (VILAS-BOAS et al., 2006). Além disso, no contexto de cardiomiopatia isquémica,
0 uso de G-CSF demonstrou melhora ndo somente na classe funcional, mas também melhor
qualidade de vida (LEONE et al., 2020).

Na nossa avaliacdo de qualidade de vida, aplicamos a versdo em portugués do
questionario Minessota Living with Heart Failure (MLHF). Nesse questionario, quando menor
o score, melhor € a qualidade de vida. Apesar de ndo termos visto diferenca significativa entre
0S grupos, a diferenca do resultado entre os grupos foi maior na avaliacdo final de 12 meses,
com tendéncia de menor valor no grupo G-CSF em relagdo ao placebo.

Na CCC, a relacdo entre fibrose miocardica com disfuncdo ventricular esquerda e
arritmias cardiacas ja esta bem estabelecida (ROCHITTE et al., 2005, 2007). Em nosso estudo,
a avaliacdo de fibrose pela RMN evidenciou uma regressao da fibrose miocardica em 3 de 16
pacientes (18.8%). No entanto, ndo houve diferenga significativa entre os grupos terapia e
placebo. Nosso grupo de pesquisas ja demonstrou em estudos experimentais em modelos
animais de CCC que a terapia com G-CSF reduz o percentual de fibrose miocardica, assim
como a incidéncia de arritmias cardiacas (MACAMBIRA et al., 2009; SILVA et al., 2018). E
possivel que o efeito terapéutico em camundongos tenha sido melhor que em humanos devido
a diferencas na resposta de roedores, assim como pelo menor tempo de doenga cronica.

Estudos prévios demonstraram que o G-CSF pode melhorar a funcdo ventricular
esquerda, reduzir remodelamento cardiaco e os niveis de TNFa (ACHILLI et al., 2014; LEONE
et al., 2020; Vasconcelos et al, 2013; SILVA et al., 2018). No entanto, na anélise exploratdria
do perfil neuro-humoral (BNP) e de TNFa ndo houve diferengas entre os grupos. E possivel
gue o tratamento em uma fase mais precoce promova maior modulacdo da resposta, como foi
observado no modelo experimental.

O VO: é um indice bastante usado para avaliar a capacidade de exercicio, reserva
cardiovascular e tolerancia ao esfor¢co de forma mais objetiva. Szlachcic e colaboradores
demonstraram que a sobrevida em individuos com niveis de VO, maiores que 10 ml/kg/min foi
de 80%, enquanto naqueles com valores menores de VO> a sobrevida era de 20% (SZLACHCIC
et al., 1985). Em CCC, o nivel de VO2 € um importante fator prognéstico. No estudo de Mady
e colaboradores, 0 VO, juntamente com a FEVE, foi um preditor independente de mortalidade
em periodo de seguimento de 30 meses (MADY et al., 1994). No nosso estudo, houve uma
tendéncia de incremento do VO2 maximo no grupo do G-CSF, porém ndo encontramos

diferenca estatisticamente significante entre os grupos.
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Acreditamos que um dos fatores que pode ter influenciado nestes achados € 0 momento
de administragédo da terapia com G-CSF. A aplicacdo do G-CSF foi mais precoce em diversos
estudos clinicos que demonstraram beneficios em varios aspectos, tais como classe funcional,
funcdo ventricular esquerda e remodelamento cardiaco (Tabela 5). No nosso estudo, a terapia
com G-CSF foi realizada em fase tardia da CCC em pacientes com funcéo ventricular esquerda
bastante reduzida, sendo possivel, portanto, que a aplicacdo mais precoce possa promover mais
beneficios. Adicionalmente, a analise de amostras de tecido miocardico de coragdes
explantados de pacientes portadores de CCC, cardiomiopatia isquémica e cardiomiopatia
dilatada idiopatica realizada pelo nosso grupo demonstrou maior infiltrado inflamatério
miocardico nos tecidos de CCC do que nos tecidos das outras etiologias, mesmo com graus de
fibrose miocéardica semelhantes (LAROCCA et al., 2018). Portanto, é possivel que devido a
maior carga inflamatoria da CCC em relacdo as outras cardiomiopatias, a terapia com G-CSF

na CCC ndo induza alteragdes tao evidentes e rapidas como na cardiopatia de origem isquémica,

por exemplo.

Tabela 5: Estudos randomizados de terapia com G-CSF em cardiopatias

ESTUDO

DESENHO

CONCLUSAO

1.Stem Cells in
Infarction (STEMMI)

Myocardial

78 pacientes com infarto do miocardio tratados com
angioplastia + G-CSF ou + placebo (aplicagdo sc por 6
dias consecutivos), incluidos em até 48 h do evento.
Desfecho: Espessamento da parede evntricular em 6
meses pela RMC

A aplicacdo do G-CSF foi segura.
Ndo houve diferenca no
remodelamento ventricular entre
0S grupos.

2.Granulocyte colony-stimulating
factor attenuates left ventricular
remodelling after acute anterior
STEMl:resultados do  ensaio
simples-cego, randomizado,
controlado por placebo,
multicéntrico Stem Cell
Mobilization in Acute Myocardial
Infarction (STEM-AMI)

60 pacientes com IAM anterior com supra de segmento
ST, indicacdo de angioplastia e FEVE <45% foram
randomizados para G-CSF ou Placebo (aplicagdo sc
por 5 dias consecutivos). Incluidos em até 12 horas do
evento. Desfecho primério: Incremento de 5% na
FEVE em 6 meses medidos pela RMC.

Administragao precoce do G-CSF
durante quadro de IAM atenua
remodelamento ventricular ap6s
angioplastia bem sucedida e com
FEVE<45%

.G-CSF treatment for STEMI:
Seguimento de 3 anos do STEM-
AMI

60 pacientes com IAM anterior, com supra do
segmento ST, indicacdo de angioplastia e FEVE <45%
foram randomizados para G-CSF ou Placebo
(aplicagdo sc por 5 dias consecutivos). Desfecho
primario: FEVE e tamanho da &rea do IAM pela RMC
em 3 anos. Incluidos em até 12 horas do evento
secundarios: eventos cardiovasculares maiores

A terapia com G-CSF pode ser
benéfica a longo prazo em atenuar
o remodelamento do ventriculo
esquerdo secundario a IAM. Nao
houve diferencas nos eventos
cardiovasculares clinicos entre os
grupos.

4.G-CSF for Extensive STEMI
(subestudo do estudo de fase IlI,
STEM-AMI OUTCOME)

161 pacientes com IAM com supra do segmento ST
foram randomizados para receber terapia padréo + G-
CSF ou terapia padrao isolada. O desfecho primario foi
avaliacdo da FEVE, remodelamento cardiaco e strain
miocardico pela ressonancia.

Administracdo precoce do G-CSF
apresenta efeitos benéficos quanto
a FEVE, remodelamento cardiaco
e Strain em pacientes com IAM
com supra do segmento ST.

5.Front-Integrated
Revascularization and Stem Cell
Liberation In Evolving Acute
Myocardial Infarction by Use of
Granulocyte Colony-Stimulating
Factor (FIRSTLINE-AMI)

56 pacientes com |IAM receberam G-CSF ou terapia
padrdo por 6 dias apds a angioplastia. Desfecho
Primério: AvaliacGes funcionais e morfolégicas pelo
eco e metabolicas pelo PET em 35 dias e quatro meses

Melhora do espessamento da
parede ventricular e motilidade
segmentar na zona infartada.
Melhor atividade metabdlica na
zona infartada aos 4 meses.




6.Usefulness  of  granulocyte
colony-stimulating ~ factor  in
patients with a large anterior wall
acute myocardial infarction to
prevent left ventricular
remodeling (RIGENERA study)

41 pacientes com IAM de parede anterior foram
randomizados para uso de G-CSF por 5 dias ou terapia
padrdo. Todos os pacientes foram submetidos a
angioplastia primaria e possuiam a FEVE <50%
Desfecho: primario: FEVE e varidveis de
remodelamento cardiaco ao ecocardiograma em 5
meses de acompanhamento.

A terapia com G-CSF previne o
remodelamento cardiaco e
melhora a fungdo ventricular em
pacientes com IC secundaria a
isquemia.

7.A The Effects of Granulocyte
Colony-Stimulating  Factor in
Patients with a Large Anterior
Wall Acute Myocardial Infarction
to Prevent Left Ventricular
Remodeling Seguimento de 10
anos do estudo RIGENERA)

Foi realizado acompanhamento a longo prazo (10
anos) dos pacientes do estudo RIGINERA, para
avaliacdo da incidéncia de efeitos adversos, qualidade
de vida, sobrevida e fungdo ventricular. Foram
realizados exames com ecocardiografia e aplicados os
questionarios de Minessota e 0 SHFM (Seattle Heart
Failure Model)

A terapia com G-CSF foi segura e
associada com reducdo do
remodelamento  reverso  do
miocardio e maior qualidade de
vida.

8.Randomized trial of
combination cytokine and adult
autologous bone marrow
progenitor cell administration in
patients  with  non-ischaemic
dilated  cardiomyopathy:  the
REGENERATE-DCM  clinical
trial

60 pacientes com cardiomiopatia dilatada néo
isquémica, FEVE<45% e CF pela NYHA > 2 foram
randomizados em 4 grupos comparando-se placebo
com G-CSF associada ou ndo a célula tronco aplicada
via intracoronaria. Todos 0s pacientes exceto o grupo
placebo receberam 5 dias de G-CSF. O desfecho
primario foi a mudancga da FEVE no terceiro més.

Este estudo demonstrou o
beneficio da terapia com G-CSF
associada a aplicacdo de células
tronco via intracorondria com
melhora da funcdo ventricular, da
classe funcional, nivel de BNP e
capacidade funcional.

9.Efficacy and safety of G-CSF
therapy in Chagas
cardiomyopathy: a phase |I,
double-blind placebo controlled
randomized clinical trial

37 pacientes com cardiomiopatia chagésica, com
FEVE <505 e CF pela NYHA >2 foram randomizados
para receber terapia padrdo + G-CSF (4 ciclos de 5
dias, 10 mcg/kg/dia) e terapia padrdo+placebo.

Os pacientes foram acompanhados por 1 ano, com
exames laboratoriais e de imagem, além de avaliagdo
clinica e qualidade de vida pelo questionario de
Minessota. O end point primario era a melhora ou
estabilizacdo da classe funcional em 6, 9 e 12 meses
apds o tratamento.

O tratamento com G-CSF foi
seguro e bem tolerado, mas nao
houve diferenga entre os grupos
quanto a melhora da classe
funcional.
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Fontes:1.(RIPA et al., 2006); 2.(ACHILLI et al., 2010); 3.(ACHILLI et al., 2014); 4. (ACHILLI et al., 2019); 5.(INCE et al.,
2005); 6.(LEONE et al., 2007); 7.(LEONE et al., 2020); 8.(HAMSHERE et al., 2015).

As principais limitagdes encontradas durante a realizagdo do nosso estudo se deveram a

dificuldade de inclusdo dos pacientes. Apesar de termos avaliado mais de 500 pacientes, a

maioria destes reside em cidades do interior da Bahia, fato que os incapacitava a seguir o

cronograma do estudo que consistia de 4 ciclos de aplicagcdo do G-CSF ou placebo por 5 dias

seguidos com intervalos de 9 dias entre os ciclos. Além das aplicacdes, os pacientes deveriam

comparecer para realizar avaliacBes clinicas, laboratoriais e por imagem em periodos

estabelecidos. Portanto, novos protocolos de estudo visando investigar futuramente outros

esquemas terapéuticos ou maior nimero de pacientes devem levar em consideracdo aspectos

que permitam a maior participacao nos estudos.

Outro ponto importante é o tempo seguimento destes pacientes por 12 meses. Apesar de

ser adequado para avaliagdo do desfecho primério de classe funcional, cuja variacdo é mais

rapida, pode nao ter sido suficiente para avaliacao de outros parametros que se alteram de forma

mais lenta e progressiva, tais como a funcdo ventricular esquerda e a capacidade funcional ao

teste ergomeétrico.

O tamanho amostral pode ter influenciado nos resultados, sendo necessario em futuros

estudos um tamanho amostral maior para que pequenas diferencas entre 0s grupos possam ser
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detectadas.

Portanto, a possivel eficacia da terapia com G-CSF na cardiomiopatia chagasica crénica
ainda precisa ser esclarecida e estudada, visto que se trata de uma citocina com comprovados
efeitos benéficos cardiacos em estudos com modelos experimentais de CCC e em estudos

clinicos com cardiopatias de outras etiologias

6. CONCLUSAO

Este estudo demonstrou que a terapia com G-CSF no CCC é segura e bem tolerada,
porém sua eficacia na prevencdo da progressdo/manutencdo dos sintomas ndo pbde ser

demonstrada pelo presente estudo.
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Abstract

Objectives: Chagas cardiomyopathy has worse long-term
outcomes than other cardiomyopathies. A biomarker strat-
egy to refer subjects for noninvasive cardiac imaging may
help in the early identificalion of cardiac damage in subjects
with Chagas disease. Gdectin-3 (Gal-3) is amediator of car-
diac fibrosis shown to be upregulated in animal medels of
decompensated heart failure. Here we assessed the comela-
tion of Gal-3 with myocardial ibrodisin patientswith Chagas
disease. Methods: This study comprised 61 subjects with
Chagasdisease_ All subjectsunderwent clinical assesaments,
Doppler echocardiography and magnetic resonance imag-
ing. Alasmatic Ga-3 was determined by BHISA_ Resulfs: De-
layed enhancement (DE) was iklentified in 37 of 61 subjects
(64%). The totad amount of myocardial fibrosis was 9.4% [in-
temquartie interval (i) 24—184]. No differences were ob-
served in (Gal-3 concentration according to the presence or
absence of myocardial fibrosis, with a median Gal-3 concen-

tration of 11.7 ng/ml (K& 9.4-15)in subjects with DEversus
129 ng/ml (CQ3:92-14) in subjectswithout DE(p=018).No
correlation was found between myocardial ibrosisand Gal-
3 concentration (r=0098; p=047) Conclusions: Thereisno
corelation between the degree of myocardial fibrosis and
the concentration of Gal-3in subjectswith Chagas disease.
€216 5 Karger AG, Bassl

Introduction

Themain symptomatic form of Chagasdiseaseisacar -
diomyopathy chaacterized by heart falure, ventricular
arrhythmias, heart blocks, thromboembdlic events and
audden death [1]. Previous studies demonsirated that
aubjects with Chagas disease cardiomyopathy haveworse
long-term outcomes than subjects with cardiomyopathy
dueto other eidogies[2]. Theworst prognosis has been
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attributed to the continuous myocardial damage due to
parasite persistence and immune-mediated mechanisms,
leading to interdtitial fibross throughout the myocardi-
um [3]. Cogt-effective strategies to identify subgroups of
subjects with progressive fibrosis before the occurrence
of extensveremodeling are of great interest.

Thereisaneed to find new biomarkersthat may reflect
the pathophysiological mechanisms of myocardial fibro-
Ss, in order to support the risk stratification, especially
regarding subjectswith Chagas disease, thusalowing the
application of potentialy invasive and expensive thera-
piesto thosewho aremost likely to benefit. To date there
are no biomarkers accurate enough to predict myocar-
dial fibrosisfor detecting early cardiac involvement.

Galectin-3 (Gd-3) isabeta-galactosde-binding lectin
shown to be, in experimental studies, a mediator of car-
diac fibrosis [4, 5] and upregulated in animal models of
decompensated heart failure, asreviewed by de Boer et al.
[6]. We previoudy demonstrated that Gal-3 is upregu-
lated in the hearts of mice chronically infected with Try-
panosoma cruzi [7]. Gal-3 may promote fibrosis through
the activation of fibroblasts and macrophages, which isa
hallmark of cardiac remodeling processes [8]. Current
datasuggest that Gal-3 secreted by activated macrophages
actson fibroblasts, establishing alink between inflamma-
tion and fibrosis [9]. In addition to the involvement in
heart diseases, Gal-3 may beinvolved in other disease set-
tings, such ascancer, liver disease, renal disease and vari-
ous rheumatologic conditions[10-13]. Moreover, circu-
lating Gal-3 has been found to be elevated in different
human diseasesassociated with fibrosis[ 14—16]. A patho-
physiological rolefor Gal-3in heart failure was suggested
by previous studies showing that Gal-3 infusion into mu-
rine pericardium induced adverse cardiac remodeling
whereas coinfusion with a Ga-3 inhibitor counteracted
these effects[4, 5].

Here we sought to examine theclinical correlation of
plasma Gal-3 with myocardia fibrosis, in subjects with
different forms of Chagas disease, using cardiac magnet-
icresonanceimaging (MRI) asthegold standard method
to estimate the percentage of myocardium affected by
fibrosis.

Methods

Sudy Population

Subjects with Chagas disease were prospectively recruited be-
tween January 2012 and December 2013 in the Chagasdisease out-
patient clinic a Hospital Sfo Rafad, atertiary referral center lo-
cated in Salvador, Bahia, Brazil.

4 Cardiology 2017;136:33-39
DOI: 10.1159/000447529

Inclusion criteriawere an ageof 18-70 yearsand adiagnosis of
Chagas disease confirmed by 2 positive serologic testsfor antibod-
iesagaingt T. cruzi (indirect hemagglutination and indirect immu-
nofluorescence). Exclusion criteria were: the acute form of Chagas
disease, previous myocardial infarction or known coronary ath-
eroclerotic disease (or >2risk factorsfor it), primary valvedisease,
end-stage renal disease on dialys's, active hepatitis or cirrhosis,
hematologic, neoplastic or bone diseases and contraindication to
MRI.

We classfied enrolled patientsinto 3 groups based on distinct
stages of Chagasdisease, according to thecurrent Brazilian Chagas
disease consensus [1], distributed as follows: (1) agroup with the
indeterminate form of the disease, comprising 17 asymptomatic
subjects without signs of cardiac involvement characterized by
normal electrocardiogram, chest X-ray and echocardiography,
(2) agroup with the cardiac form without ventricular dysfunction,
comprising 16 consecutive subjectswith known heart involvement
defined as abnormal eectrocardiogram (typicaly, right bundle-
branch block with left anterior hemiblock) and without Ieft ven-
tricular dysfunction and (3) a group with the cardiac form with
ventricular dysfunction, comprising 28 subjectswith low |eft-ven-
tricular gection fraction, 16 of whom werein New York Heart As-
sociation (NYHA) dlasslII/1V.

At thetimeof enrolment, all subjectsunderwent clinica assess-
ments consigting of structured medical questionnaires, 12-lead
eectrocardiography, chest radiography, 24-hour ambulatory elec-
trographic monitoring, exercise testing, conventional Doppler
echocardiography and cardiovascular MRI.

The study complied with the Declaration of Helsinki, was ap-
proved by the Ethics Committee of the Hospital Sfo Rafael and is
registered in Clinical Trialsgov under theidentifier NCT01842854.
All subjects signed awritten informed consent before their inclu-
sion in the study.

Magnetic Resonance Imaging

Cardiovascular MRI was performed usingaSgmaHDx 1.5-T
system (General Electric, Fairfield, Conn., USA). For assessment
of the LV function, electrocardiography-gated, breath-hold, long-
axis, short-axis and 4-chamber views were acquired at the same
location in different sequences. Acquisition parameters used for
the dynamic sequence included arepetition time (RT) of 3.5 ms,
an echo time (ET) of 1.5 ms, aflip angle of 60°, areceiver band-
width of 125kHz, a35 x 35 cm field of view (FOV), amatrix of 256
x 148, atempora resolution (TR) of 35 msand adlice thickness of
8.0 mm without gap.

Delayed enhancement (DE) images were acquired every heart-
beat, 10-20 min after the administration of a gadolinium-based
contrast (0.1 mmol/kg) using an RT of 7.1 ms, an ET of 3.1 ms, a
flip angle of 20°, afirst cardiac phase, 16/32 views per segment, a
matrix sizeof 256 x 192, adicethickness of 8.0 mm, agap between
dices of 2 mm, a32 x 38 cm FOV, an inversion time of 150-300
ms, areceiver bandwidth of 31.25 kHz and 2 excitations. Themyo-
cardial DE technique was used to investigate myocardia fibrosis,
which was estimated by a quantitative visual method.

Gal-3and NT-ProBNP

Gal-3 and NT-proBNP concentrations were determined in
EDTA plasma samples with the VIDAS® automated enzyme-
linked fluorescent assay (BioMérieux, Marcy-I'Etoile, France). The
assay principle combines a one-step immunoassay sandwich
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Table 1. Subjects dinical and demographic characterigtics

Variable All subjects Indeterminate Cardiacform Cardiacform
form without ventricular ~ with ventricular
(n=61) (n=17) dysfunction (n = 16) dysfunction (n = 28)
Demographic characteristics
Age, years 58+8 59+11 59+9 58+7
Female gender 36(59) 12 (70) 12 (75) 12 (43)
Lived beforein house of mud 50 (82) 15(88) 15(94) 20(71)
Chagas-positive parents 39(64) 11 (65) 14(88) 14 (50)
Digestiveform 4(6.6) 0 2(12) 2(7)
Body massindex 25+4 26+4 27+4 26+3
Coexisting conditions
Hypertension 44(72) 14(82) 12 (75) 18(64)
Diabetes 9(15) 4(23) 0 5(18)
Syncope 6(7) 1(6) 1(6) 2(7)
Current smoking 16 (26) 3(18) 3(18) 10(36)
Congestive heart failureNYHA 111/1V 16 (26) 0 0 16 (57)*
Laboratory characteristics
Creatinine, mg/dl 0.88 (0.7-0.99) 0.84 (0.7-0.98) 0.78 (0.6—0.91) 0.94 (0.7-1.0)
Sodium, mmol/dl 140+3 138+2 139+2 139+2
Hemoglobin, g/dl 13.9+0.9 142+13 13407 142+10
Total cholesterol, mg/dl 193+38 202+40 194+42 200+ 45
hsCRP, mg/dl 1.15(0.63-4.02) 1.71 (0.35-6.54) 1.24 (051-4.74) 1.09 (0.73-3.62)
NT-proBNP, pg/ml 686 (66—816) 60.5 (34—-108) 96.0 (73-181) 839.5%* (189-2,271)
Troponin I, ng/ml 0.684 (0.012-0.04)  0.012(0.012-0.012)  0.012(0.012-0.028)  0.038 (0.019-0.06)
LVEF, % 54+15 64+3 64+4 43+10%*
METS 9+25 12+3 9+2 8+2

Dataare expressed asmean + SD or n (%) for discrete variables and median (1QI) for continuous nonnorma variables. LVEF = LV
gection fraction; METS = metabolic equivalent of task; hsCRP = high-sendtivy C-reactive protein. * p < 0.001, Fisher’s exact test.

** p <0.001, Kruskal-Wallistest, one-way ANOVA.

method with a final fluorescent detection (ELFA). The samples
were transferred into the wells containing anti-Gal-3 or anti-NT-
proBNP antibodies conjugated with alkaline phosphatase. Thein-
tendity of the fluorescence is proportional to the concentration of
antigens present in the sample. The measurement range was 3.3—
100 ng/l for Gal-3 and 20-25.000 pg/ml for NT-proBNP.

Sample Sze Calaulation

Gal-3 concentration in patients with heart failure is described
as 18,6 + 7.8 ng/ml [17]. The sample size was calculated for the
comparison of the Gal-3 concentration between 2 groups of sub-
jects defined by the presence of myocardia fibrosis assessed by
MRI. Considering that subjectswith myocardia fibrosis have val-
uescloseto those described in heart failure patients (18.6 + 7.8 ng/
ml), we determined that the enrolment of 64 participants would
provide a power of 80% to reect the null hypothesis if subjects
without myocardial fibrosis had Gal-3 values 30%lower than sub-
jectswith myocardial fibross, with the same standard deviation of
7.8 ng/ml for both groups, at atwo-sided alphalevel of 0.05.

Satigical Analyss
Categorical variables are presented as numbers and percent-
agesand continuous variables are presented asmeans (D) or me-

Gal-3in Chagas Cardiomyopathy

dian (interquartile interval, 1QI). The significance of basdine dif-
ferences was determined by the x? test, the Fisher exact test or the
unpaired t test, as appropriate. Comparisons of continuous vari-
ables among groups were performed with an anayss of variance
(ANOVA) test or theKruskal-Wallistest, depending on normality
assessed by the Shapiro-Wilk test. Correlation between continuous
variables was evaluated by the Pearson or Spearman coefficient,
depending on normality.

Analyses were performed using SPSSv20.0 (IBM), and atwo-
sided p value <0.05 was considered to indicate statistical signifi-
cance.

Results

Basdine Characterigtics

Weevaluated 61 subjectswith Chagas disease, digtrib-
uted as follow: 17 in group 1 (subjects with no evidence
of cardiac involvement or heart failure), 16 in group 2
(cardiac form without ventricular dysfunction or symp-
toms) and 28 in group 3 (cardiac form with ventricular

Cardiology 2017;136:33-39 35
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Table 2. Myocardial fibrosison cardiac MRI

All subjects Indeterminate Cardiac form Cardiac form p vaue
(n=61) form without ventricular  with ventricular
(n=17) dysfunction (n =16) dysfunction (n = 28)
DE, n (%) 35(57) 6(35) 7(44) 22 (79) 0.001*
Myocardial fibrotic area, %o0f LV mass(IQI) 9.4 (24-184) 4.1(21-107) 23(10-50) 15.2 (7.8-25) 0.004**
* Fisher'sexact test. ** Kruskal-Wallis, one-way ANOVA.
Table 3. Myocardid fibrosisand subjects’ dlinical characteristics
With fibrosis Without fibrosis p value
Age, years 57+9.2 58+7.6 0.53
Female gender 16 (43) 18 (86) 0.002*
Forms of the disease
Indeterminate 7(19) 10 (48) <0.001*
Cardiac without LV dysfunction 7(19) 9(43)
Cardiac with LV dysfunction 23(62) 2(95)
Gal-3, ng/ml 11.8 (9.1-12.6) 13.7(9.2-14.2) 0.67
NT-proBNP, pg/ml 211 (96-1087) 68 (34—346) 0.01
Troponin I, ng/ml 0.032 (0.012—-0.048) 0.012 (0.012-0.013) 0.002*+*
hsCRP, mg/dl 1.1(0.63-4.0) 1.1(0.26-46.8) 038

Dataare expressed asmean = SD or n (%) for discrete variables and median (1QI) for continuous nonnormal
variables. hsCRP = High sensitivity C-reactive protein. * Fisher’'sexact test. ** Mann-Whitney U test.

dysfunction, with or without symptoms). Mean age was
58 + 8.5 years and 59% of the participants were women.
The majority of subjects (73.8%) were in NYHA func-
tiona class| or 11 and 4 (6.6%) had concomitant gastro-
intestinal involvement. The prevalence of hypertension,
diabetes, hypercholesterolemia and current smoking was
smilar across the 3 groups. As expected, higher NT-
proBNP values and a lower gection fraction were ob-
served in group 3(p <0.001). Ventricular tachycardiawas
detected in 20 (33%) subjectson 24-hour Holter monitor-
ing (none from group 1, 5 from group 2 and 15 from
group 3; p = 0.001). Clinical and demographic character-
isticsof the subjectsare described in table 1.

Myocardial Fibross

DE wasidentified in 37 of 61 subjects (64%). Thetotal
amount of myocardia fibrosis was 9.4% (1QI: 2.4-18.4)
with a progressive increase across the different forms of
the disease. Myocardia fibross was detected in 6 of 17
subjects in the indeterminate form (median 4.1%, 1QI:
2.1-10.7), 7 of 16 in the cardiac form without ventricular

36 Cardiology 2017;136:33-39
DOI: 10.1159/000447529

dysfunction (median 2.3%, 1QI: 1.0-5.0) and 22 of 28 sub-
jects in the cardiac form with ventricular dysfunction
(median 15.2%, |QI: 7.8-25.0, p = 0.001). DE was detect-
ed more frequently in the inferolateral and apical seg-
ments of the left ventricle. Moreover, subjects with DE
showed a lower gection fraction (68 + 13 vs 48 + 18%,
p < 0.001), higher NT-proBNP values [197 pg/ml (1QI:
91-2,682) vs. 73 pg/ml (1QI: 34—190); p = 0.01; tables 2,
3] and ventricular tachycardia detected on Holter moni-
toring (43 vs. 15%; p = 0.03).

Asseessment of Gal-3

The median concentration of Ga-3 in the sudy sam-
ple was 12.1 ng/ml (1QI: 9.4-14.4). No differences were
observed in Gal-3 concentration according to the pres-
ence or absence of myocardia fibross, with a median
Gal-3 concentration of 11.7 ng/ml (1QI: 9.4-15) in sub-
jectswith DE versus 12.9 ng/m (1QI: 9.2-14) in subjects
without DE (p = 0.67; fig. 1). No correlation was found
between myocardial fibross and Gal-3 concentration
(r=0.098; p = 0.47; fig. 2).
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Fig. 1. Plasmatic concentration of Gal-3 assessed by ELISA in sub-
jects with and without DE detected by MRI (Mann-Whitney U
test, p = 0.67).

Higher values of Gal-3 were found in women com-
pared to men, with median Gal-3 concentrations of 13.4
ng/ml (1QI: 10.3-15.1) and 10.4 ng/ml (1QI: 8.9-10.1,p=
0.03), respectively. However, no differences were identi-
fied in subjects with alower gection fraction (p = 0.45),
higher NT-proBNP vaues (p = 0.26), greater age (p =
0.15), higher troponin (p = 0.26) and high-sensitivity C-
reactive protein values (p = 0.86). Additionally, we did
not identify differencesin Gal-3 concentration compar-
ing groups of patientswith different formsof Chagasdis-
ease, with a median concentration of 12.1 ng/ml (1QI:
8.8-18.3)ingroup 1,12.1ng/ml (1QI: 10.1-13.9) in group
2 and 12.0 ng/ml (1QI: 11.0-14.8) in group 3 (p = 0.90;
fig. 3).

Discussion

A useful biomarker must have a diagnostic or prog-
nogtic value or aid therapeutic guidance. Gal-3 has been
shown to mediate fibrosisin several disease settings, in-
cluding cardiac diseases. In animal models, Gal-3 medi-
ates ventricular remodeling, and the adminigtration of
Gal-3leadsto aphenotype of progressive fibrosisand LV
systalic dysfunction [4]. These observations have led to
an increasing interest in Gal-3 asapotential heart failure
biomarker that could reflect ongoing ventricular remod-
eling and progressivefibross.

Gal-3in Chagas Cardiomyopathy

Fig. 2. Corrdation between plasmatic concentration of Gal-3 and
percentage of myocardial fibrosis assessed by cardiovascular MRI
(Spearman’s correlation, r = 0.098, p = 0.47).
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Fig. 3. Plasmatic concentration of Gal-3 assessed by ELISA in sub-
jectswith different forms of Chagas disease (Kruskal-Wallis, one-
way ANOVA, p = 0.90).

This study provides the first evaluation of the Gal-3
role asabiomarker in apopulation with Chagas disease.
Despite the experimental data on mice indicating a cor-
relation between Gal-3 expression and the progression of
Chagas disease [ 7, 18], our analysisin the clinical setting
showed no direct relationship between the amount of
myocardia fibrosis and the plasmatic concentration of
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Gal-3. In contrast, Lepojarvi et a. [19] demongrated a
positive correlation between myocardial fibross and the
serum concentration of Gal-3, although their data were
obtained from adifferent population which included sub-
jectswith coronary artery diseaseand preserved LV func-
tion. Likewise, in patients with nonischemic dilated car-
diomyopathy, Gal-3isableto predict myocardial fibrosis
asDE on cardiovascular MRI [20].

Although the median percentage of fibross varied
across the different clinical forms of Chagas disease, the
median concentration of Gal-3 wasnearly identical in al
3 groups. Qubjects with the cardiac form and ventricular
dysfunction had ahigher percentage of myocardial fibro-
ss than subjects without cardiac involvement, but the
concentration of Gal-3 was not sgnificantly different.
Nonetheless, our dataregarding thehigher concentration
of Gal-3in femalesarein agreement with previoudy pub-
lished data. Ho et al. [21] also demongtrated that Gal-3
concentration was significantly higher in women (medi-
an: 14.3 ng/ml) compared with men (median: 13.1 ng/ml,
p <0.05). Likewise, Danielset a. [22] found that the con-
centration of Gal-3 was higher in women [15.3 (12.1—
19.8) vs. 13.7 (10.7-17.4) ng/ml, p < 0.0001].

Therole of circulating Gal-3 as a biomarker in heart
failure of different etiologies has been supported by stud-
iesthat showed that an elevated Gal-3 concentration, af-
ter adjusting for other variables, isassociated with poorer
outcomesin subjectswith heart failure[23, 24]. However,
these studies have limitations regarding their sasmple size
or the number and type of variables included in their
modelsfor multivariate analysis. In contragt, thefindings
of Felker et a.[25], whoincluded alarger cohort, showed
that, after adjusting for moreclinical variables (including
NT-proBNP), Gal-3 was no longer able to sgnificantly
predict outcomein subjectswith heart failure. Moreover,
Sivatsan et a. [26], in arecent systematic review, found
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Gal-3to beineffectivein theprediction of mortality when
variables such asestimated glomerular filtration rate, LV
gection fraction and NT-proBNP wereconsdered in the
analysis.

Thereare severd limitationsto this study that may af-
fect theinterpretation of itsresults. Firg, it was conduct-
ed at asingletertiary and academic hospital, with asmall
sample size. However, there are also advantagesto asin-
gle-center location, including the possibility of following
all subjectsclosely for the duration of the sudy and gath-
ering consderably detailed information on each study
participant. The second limitation is that we measured
Gal-3 at a single time point, which could not supply in-
formation about itsimportance over time. Lastly, thecir-
culating concentration of Gal-3 may not accurately reflect
the expresson in the heart tissue.

Conclusion

That thereisalack of correlation between the degree
of myocardia fibross and the plasma concentration of
Gal-3, therefore refuting the hypothess of a predictive
role of thismolecule asabiomarker for myocardial fibro-
sisin subjectswith Chagas disease.
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Lack of association between serum syndecan-4, myocardial fibrosis and ventricular
dysfunction in subjects with chronic Chagas disease.
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Conclusions

Our results demonstrate the lack of correlations between serum syndecan-4, myocardial
fibrosis and cardiac dysfunction in subjects with Chagas disease. Further studies are
required to show if syndecan-4 concentrations can be marker for prognosis assessment or
disease progression.

Introduction

Chagas disease (CD), caused by infection with the protozoan parasite Trypanosoma cruzi, is a
major public health problem in Latin America [1] and is becoming an emerging problem in
non-endemic areas due to population migration [2,3]. Subjects with Chagas disease can be
classified in two large groups: those with the indeterminate form, without clinical symptoms
or abnormalities in routine tests, and those with the determinate form, with symptoms, abnor-
mal tests, or both [4]. Most of the cases in the chronic phase present as the indeterminate
form, but after years or decades they may evolve to the determinate form, presenting either
cardiac, digestive, or cardio-digestive symptoms [5]. Chronic Chagas disease cardiomyopathy
(CCC), the most severe form of clinical presentation in CD, has worse long-term prognosis
when compared to cardiomyopathies due to other etiologies [6].

The hallmark of CCC is the presence of a multifocal inflammatory reaction leading to myo-
cardial fibrosis, often followed by ventricular dysfunction and arrhythmias [5,7,8]. At this dis-
ease stage, there is no effective treatment other than heart transplantation. Since the cardiac
form of Chagas disease occurs in approximately 30% of the infected patients, and usually
develops during 10-30 years after the acute phase, it is of great interest to identify biomarkers
that might be used for early detection of cardiac involvement [6].

Previously, we performed a transcriptomic analysis and demonstrated that several genes
associated with inflammation and fibrosis, including syndecan-4, are overexpressed in the
hearts of mice chronically infected with Trypanosoma cruzi [2). Syndecan-4 is the most studied
member of the syndecan family, composed by transmembrane proteins capable of carrying
heparan sulfate and chondroitin sulfate chains. Its activities include modulation of fibroblast
growth factor signaling, regulation of cell migration and control of cell adhesion. Although
syndecan-4 is expressed by several cell types [10], it is mainly expressed in endothelial cells,
smooth muscle cells and cardiomyocytes [L1]. It is already known that the expression of the
syndecans can be altered under certain pathophysiological conditions, including mechanical
stress [12] and tumor metastasis [13], in response to growth factors present in the tissue micro-
environment, such as FGF2, TNF-o and TGF-p [14-16].

Recently, evidence pointing to the involvement of syndecan-4 in the pathogenesis of cardio-
vascular diseases has emerged. Circulating syndecan-4 concentrations are increased after acute
myocardial infarction [17] and also in heart failure, inversely correlated with left ventricular
ejection fraction [18], suggesting a possible role as a predictive biomarker of cardiovascular
events [19]. However, serum syndecan-4 concentrations have neither been evaluated in CD
subjects nor correlated with significant predictors of outcomes in this group of patients. Thus,
the aim of this study was to evaluate the potential role of serum syndecan-4 as a novel bio-
marker for disease severity in CD, by concentrations with myocardial fibrosis and left ventric-
ular gjection fraction (LVEF). Additionally, syndecan-4 serum concentrations were compared
between subjects presenting different clinical forms of CD.
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Materials and methods

Study population

We conducted an observational study in which subjects with CD were enrolled. Between Janu-
ary 2011 and December 2013, we enrolled 56 subjects in the CD outpatient clinics at our insti-
tution. All subjects with Chagas disease were classified in groups according to the clinical form
of presentation, as follows: indeterminate form (subjects with no evidence of cardiac involve-
mentor heart failure), cardiac form without ventricular dysfunction and cardiac form with
ventricular dysfunction.

Inclusion criteria for CD subjects were based on confirmation by two positive serologic tests
(indirect hemagglutination and indirect immunofluorescence), and age (18-70 years). Exclusion
criteria for subjects with CD were previous myocardial infarction or history of coronary artery
disease, primary valve disease, terminal renal failure dialysis treatment, active liver disease,
hematologic, neoplastic or bone diseases and magnetic resonance imaging contraindications.

‘We obtained structured medical history, and all CD subjects underwent physical examina-
tion, blood analysis, 12-lead electrocardiogram, chest X-Ray, 24-h Holter monitoring, conven-
tional Doppler echocardiogram, and cardiovascular magnetic resonance imaging. All patients
with heart failure and/or arrhythmias received the standard therapy with diuretics, beta-block-
ers, ACE inhibitors, angiotensin II receptor blockers, digoxin, or amiodarone, as appropriate.

Study complied with the Declaration of Helsinki, was approved by the Ethics Committee
of the Sdo Rafael Hospital, and is registered in ClinicalTrials.gov under the identifier
NCT01842867. All subjects signed written informed consent before study inclusion.

Measurement of syndecan-4 and NT-ProBNP

Serum syndecan-4 concentration was measured by a solid phase sandwich ELISA, according
to the manufacturer’s instructions (IBL Co., Ltd., Fujioka, Japan). This ELISA system recog-
nizes the secreted ectodomain of the syndecan-4 molecule in the blood by using two highly
specific antibodies. Tetramethylbenzidine (TMB) was used as chromogen and the strength of
coloring was proportional to human syndecan-4 amount. The sensitivity of the test was 3.94
pg/mL. Plates were read at 450 nm using a multiplate reader (EnVision, PerkinElmer).

Plasma NT-ProBNP measurements were performed with an automated quantitative
enzyme linked fluorescent assay (VIDA s® NT-proBNP2; bioMérieux, France), according to
the manufacturer’s instructions.

Doppler echocardiogram

Standard transthoracic echocardiographic examinations were recorded in all subjects using
the Vivid 7 digital ultrasound system (GE Vingmed Ultrasound AS, Horten, Norway). Three
cardiac cycles were stored in cine loop format for online analysis. Left ventricle and left atrial
dimensions were measured according to the American Society of Echocardiography’s recom-
mendations [20]. The LVEF was measured using the biplane Simpson’s method. Diastolic
function was evaluated by the analysis of the mitral Doppler inflow, pulsed-wave DTI at the
lateral mitral annulus, and mitral propagation velocity using color M-mode echocardiography.
Mitral regurgitation was obtained using the proximal isovelocity surface area method. Right
ventricular function was assessed with the 50 systolic velocity in the lateral wall.

Magnetic resonance imaging

Cardiovascular magnetic resonance imaging (MRI) was performed using a Sigma HDx
1.5-T system (General Electric; Fairfield, CT, USA). For assessment of the LV function,
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electrocardiography-gated, breath-hold long-axis, short-axis, and four-chamber views were
acquired in the same location in different sequences. Acquisition parameters used for the
dynamic sequence included a repetition time (RT) of 3.5 ms, an echo time (ET) of 1.5 ms,
flipangle of 60, a receiver bandwidth of 125 kHz, a 35 x 35 cm field of view (FOV), a matrix
of 256x148, a temporal resolution (TR) of 35 ms and a slice thickness of 8.0 mm without
gap-

Delayed enhancement (DE) images were acquired every heartbeat, 10 to 20 min after the
administration of a gadolinium-based contrast (0.1 mmol/kg) using RT of 7.1 ms, ET of 3.1
ms, flip angle of 207, first cardiac phase, views per segment 16/32, matrix size of 256 x 192,
slice thickness of 8.0 mm, gap between slices of 2 mm, field of view 32 to 38 cm, inversion time
150 to 300 ms, receiver bandwidth of 31.25 kHz, number of excitations of 2. The myocardial
DE technique was used to investigate myocardial fibrosis, which was estimated by a quantita-
tive visual method [7].

Statistical analysis

Categorical data were presented as numbers (percentages), and continuous data were
expressed as mean * SD or median (interquartile range). Comparisons of continuous variables
among groups were performed with analysis of variance (ANOVA) test or Kruskal-Wallis,
depending on normality assessed by Shapiro-Wilk test. Chi-Square or Fisher tests were applied
for proportions comparisons. Correlations between continuous variables were evaluated by
Pearson or Spearman coefticients, depending on normality. Cases with missing data were

not included in the analysis. Analyses were performed using SPSS version 20.0 (IBM), and

p < 0.05 (two-tailed) was considered statistically significant.

Results
Baseline characteristics

The study included 56 subjects with Chagas disease, 41% were men, and the mean age was 58
%9 years. Regarding the clinical form of presentation, the subjects were distributed as follows:
14 (25%) with the indeterminate form (subjects with no evidence of cardiac involvement or
heart failure), 16 (29%) with the cardiac form without ventricular dysfunction and 26 (46%)
with the cardiac form with ventricular dysfunction. The median for NT-ProBNP level was,
respectively, 60.5 pg/ml (IIQ: 32.8-109.8), 92.50 pg/ml (IIQ: 62.3-180.5) and 816 pg/ml
(I1Q:196.5-2128) p < 0.001. Other clinical and demographic characteristics of the subjects
with Chagas disease are described in Table 1.

Cardiovascular imaging characteristics

The mean LVEF assessed by Simpson was 53 £ 15% for all subjects with Chagas disease, and
39 £ 12% for the subjects with the cardiac form with ventricular dysfunction.

Delayed enhancement was identified in 35 subjects (66% ), and the total amount of myocar-
dial fibrosis was 9% (I1Q: 2.4-18). Myocardial fibrosis was detected in 6 of 14 (42%) subjects in
the indeterminate form (median 4.1%, I1Q: 2.1-10.8), 7 of 16 (43%) in the cardiac form without
ventricular dysfunction (median 2.3%, I1Q: 1.0-5.0) and 22 of 26 (85% ) subjects in the cardiac
form with ventricular dysfunction (median 15%, 11Q: 7.3-25.6, P = 0.001). Echocardiographic
and MRI data for subjects with Chagas disease are described in Table 2. Echocardiographic data
for all subjects with heart failure are shown in Table 3,
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Table 1. Clinical and demographic characteristics of subjects with Chagas disease.

Form

Indet

minate

Cardiac without dysfunction Cardiac with dysfunction p

n 14 16 26

Male gender 5(36) 4(25) 14 (54) 0.181
Age (years) 60+10 568 590 0.670
Black or mullato selff-reported race 13 (93) 14 (88) 23(88) 1.00
NYHA Il or IV 0 0 14(54) =0.001
Hypertension 11 (79) 12 (75) 16(62) 0.332
Diabetes 3(21) [} 5(19) 0.253
Current smoking 2(14) 3(19) 9(35) 0.371
Hypercholesterolemia 6(43) 8(50) 11(42) 0.645
REBB 1] 15 (94) 14 (54) =0.001
Cardiomegaly (x-Ray) 2% (14) 6 (38) 19(73) 0.001
VT 0 3(19) 14 (54) 0.002
NT-PraBNP (pg'mi) 60.5 (32.8-109.8) 92.5 (66.3-180.5) B30.5 (239.8-2271) <0.001
hsPCR 1.1 (0.2-3.8) 1.2 (0.54.7) 1.1 (0.7-3.3) 0.75
Hemoglobin (g/dl) 14111 13709 14209 0.167
Creatinin (mg/dl) 0.83+0.16 0.81 £0.12 0.93+0.18 0.030

Data are expressed as mean = 5D or median (interquartile interval) for continuous variables, or number (%) for diserete variables. hsCRP = highly sensitive
C Reactive Protein. NYHA = New Y ork Heart Association; RBBB = right bundle-branch block; VT = ventricular tachycardia
*Cardiomegaly not confirmed by echocardiography.

hitpey/doi.org/10.1 37 1/journal pone.0189408.1001

Assessment of syndecan-4

The mean concentration of syndecan-4 in subjects with Chagas disease was 15.4 £ 7.7 ng/ml.
No correlation was observed between syndecan-4 concentrations and myocardial fibrosis,
with a mean syndecan-4 concentration of 14.9 £ 5.8 ng/ml in subjects with DE versus

16.8 + 10.2 ng/ml in subjects without DE (P = 0.386; Fig 1).

No correlation was found either between myocardial fibrosis and syndecan-4 (r = 0.08,

P =0.567; Fig 2A) or between LVEF and syndecan-4 (r = 0.02, P = 0.864; Fig 3A). As expected,
a moderate to strong correlation was found between myocardial fibrosis and NT-ProBNP
(r=1047, p < 0.001; Fig 2B), and also between LVEF and NT-ProBNP, as a negative correla-
tion (r = 0.69, p < 0.001; Fig 3B).

No differences in syndecan-4 concentrations were detected comparing groups of subjects
with different forms of Chagas disease. In subjects with the indeterminate form, the mean syn-
decan-4 concentration was 14.7 £ 5.1 ng/ml; in subjects with cardiac form without ventricular
dysfunction, 15.6 £ 11.5 ng/ml; and in subjects with cardiac form with ventricular dystunction
15.7 + 6.0 ng/ml (P = 0.918; Fig 4).

Discussion

According to Morrow and de Lemos, a good biomarker for clinical use must fulfill three main
criteria. First, the assay for its measurement should be easily accessible for a reasonable cost.
Second, it must add information to already existing tests. And third, there must be strong evi-
dence that it is important to managing disease progression or response to therapy [21]. In the
current study, we provided the first evaluation of syndecan-4 as a biomarker for heart disease
severity in a population with Chagas disease.

Previously, we showed that syndecan-4 is overexpressed in hearts of mice chronically
infected with Trypanosoma cruzi in experimental model of Chagas disease cardiomyopathy
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Table 2. Echocardiographic and CMR findings in subjects with Chagas disease.

Form Indeterminate Cardiac without dysfunction Cardiac with dysfunction p
Echocardiogram™

LVEF (%) 64.5£3.5 64.7 3.9 39123 <0.001
LV ESV (ml) 33741 36+12.3 136 £ 67 <0.001
LV EDV (ml) 129.8+22.6 1158 +22 240.3+835 <0.001
LV mass (g) 136.8+28.5 134.6 +34.8 2153587 <0.001
Diastolic dysfunction

Type | 6 (43) 6 (38) 14 (58) 0.038
Type Il 0 1(7) 6(25) 0.007
Type lll [} 0 0

Telindex 0.53 +0.08 0.50 0.1 0.61 +0.19 0.341
E/E ratio B5+18 B.1+3.0 12.9+8.0 0.018
Tricuspid annular systolic velocity (cm/s) 13+2.3 121.7 121218 0.032
MR *

LVEF (%) 70.9+84 67.0 6.6 35.3+153 <0.001
RVEF (%) 65.2+9.5 58.8+9.6 46.8 +14.9 <0.001
LV ESV (mli'm?) 352+13.3 40.5+15.3 148.9 £ 86.2 <0.001
LV EDV (ml/m®) 118.8+20.6 119.9 +20.8 222.9+79.2 =0.001
LV mass (g/m?) 111.6+30.2 93.6+20.8 150 + 60.4 0.004
Fibrosis (%)4 4.1{2.1-10.8) 2.3(1.0-5.0) 15.0 (7.3-25.6) 0.001
Delayed enhancement 6 (42) 7 (43) 22 (85) 0.006

Data are expressed as mean £ 5D or median (interquartile interval) or number (%) for discrete variables. EDV = end diastolic volume; ESV =end systolic
volume; LV = left vertricular; LVEF = left ventricular ejection fraction; MRI = magnetic resonance imaging; RVEF = right ventricular ejection fraction.

* Data from 55 subjects.

#* Data from 53 subjects.

* Data from subjects with delayed enhancement on MRI (n = 35).

hitpsy//doi.org/10.1371/journal. pone.0185408 1002

[9]. In the present study, however, no increase in serum concentration of syndecan-4 was
observed in subjects with chronic Chagas disease cardiomyopathy, regardless of disease sever-
ity. This could imply that syndecan-4 is not involved in the pathogenesis of the disease in
humans. Therefore, additional studies in human heart samples may help clarify whether syn-
decan-4 expression is increased in the heart tissue in individuals with chronic Chagas cardio-
myopathy, as seen in the experimental model of Chagas disease.

Table 3. Echocardiographic data in subjects with heartfailure.

n 26

LVEF (%) 39+12.3

LV mass (g) 215.3+58.7

Left atrium (mm) 40+5.9

Diastolic dysfunction

Type | 14 (58)

Typell 6 (25)

Typelll 0

Data are expressed as mean + SD or number (%) for discrete variables. LV = left ventricular; LVEF = left
ventricular ejection fraction.

hitps:/fdoi.orm/10.1371/journal. pone. 01894081003
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T T
Without delayed enhancement  With delayed enhancement

Fig 1. Serumco jon of synd 4 d by ELISA in subjects with and without delayed
enhancement detected by magnetic resonance imaging. Circle = outlier, * =extreme outlier, ftest,
P = 0.386.

https://doi.om/10.137 1/journal. pone.0189408.001

It was previously reported that, in subjects with dilated cardiomyopathy due to other etiolo-
gies, serum levels of syndecan-4 correlated negatively with LVEF and diastolic diameters [22].
However, we did not find any correlation between syndecan-4 and left ventricular systolic or
diastolic diameters in our study. Additionally, Takahashi and colleagues assessed the concen-
tration of syndecan-4 in 45 subjects with heart failure and 21 healthy subjects, finding also a
moderate and negative correlation between syndecan-4 and LVEF [19], suggesting that, like
NT-ProBNP, it might be a useful biomarker for heart failure [23].

Despite the lack of correlation between syndecan-4 and cardiac disease severity, our analy-
sis in the clinical setting of Chagas disease showed a moderate to strong correlation between
LVEF and concentration of NT-ProBNP. Itis noteworthy that, in the present study, we used
the same assay employed in a previous study for measuring syndecan-4 [19], that reported
association between syndecan-4 levels and cardiac disease severity.

Our study showed a high percentage of delayed enhancement in the three different forms
of the disease: 42% for the indeterminate form, 43% for the cardiac form without ventricular
dysfunction and 85% for subjects with ventricular dysfunction. A previous study demonstrated
rates of 7.4%, 15.8% and 52.4% for these three groups of subjects, respectively [24]. Despite
this difference, the overall prevalence of delayed enhancement in our population of subjects
with chronic Chagas cardiomyopathy is consistent with literature data, since global prevalence
has demonstrated delayed enhancement ranging from 68.6% to 88.9% in this profile of sub-
jects [7].

Since it was already demonstrated the relationship between syndecan-4 and granulation tis-
sue formation and wound repair in experimental model of myocardial infarction [25], we
expected to find a high concentration of syndecan-4 in subjects with cardiac forms of Chagas
disease, for which the hallmark is the fibrosis formation. The concentration of syndecan-4,
however, was not different among subjects with different forms of Chagas disease.
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Fig 4. Serum concentration of syndecan-4 assessed by ELISA in subjects with different forms of
Chagas disease. ANOVA, P =0.918. Circle = outlier, * = extreme outlier, P = 0.395.

https:/idoi.om/10.137 1/journal. pone. 0183408 0004

Additionally, no correlation was found between the percentage of myocardial fibrosis and syn-
decan-4 concentration.

Ethnicity is a known factor that influences the predictive values of biomarkers in the cardio-
vascular field [26]. Indeed, the studies evaluating syndecan-4 as a heart failure biomarker pub-
lished so far include mostly Asians or Caucasian populations, and data from mixed, and afro-
descendent populations, such as the one included in our study, cannot be found in the litera-
ture. Similarly, galectin-3, another biomarker that has been studied in the field of heart failure,
was shown to have a prognostic value for heartin Caucasians, but not in an afro-descendent
population [27]. Plasma levels of galectin-3 also did not correlate with disease severity in Cha-
gas disease patients [28].

In conclusion, our study showed a lack of correlation between either the degree of myo-
cardial fibrosis or the LVEF and the serum concentration of syndecan-4 in subjects with
Chagas disease. The current study has limitations, including being conducted in a single ter-
tiary and academic hospital, with a small sample size, and being a cross-sectional study with
a single measurement of syndecan-4. Studies with larger number of patients are required to
determine the influence of ethnicity on the predictive role of syndecan-4 as a biomarker for
heart failure of different etiologies. All supporting information for this study can be found in
51 Table.

Supporting information

§1 Table. Dataset for the syndecan-4 study.
(XLS)
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ANEXO 3

Assessment of syndecan-4 expression in the hearts of Trypanosoma cruzi-infected
mice and human subjects with chronic Chagas disease cardiomyopathy
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Abstract

Badkground: Chranic Chagas cardiomyopathy (000) i characterized by the presence of a multifocal inflam matony
response and myocandial damage leading to fibrosis, arrhythmias and wentricular dysfuncion. The expession of
syndecan-4, a tmrsmembrane proteoghean, was previously found to be inoeased in the hearts of mice chronically
infected with Trypanosoma cruzi. The possible invohement of syndecan4 in the dissase pathogenesis, howewer,
remains unknown Here we evaluated the pattern of expression of syndecan-4 in the heart tissue of T. cuzi infeced
mice and subjects with Chagas cardiomyopathy, comelating with the degree of inflammation and fibrasis.
Methods: The expession of syndecan-4 was evaluated by immunofiuorescence and RT-gPCR in the hearts of C57BLE
mice at different time points after infection with the Colombian strain of T cruei Immuna stainings for syndecan-d were
periomed in heart smpkes obtained from OO0 patients and other aticlogies of heart failure. The number of infiltrating
inflammatory cells and area of fiboss were alo evaluated and quantified.
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Results: In the experimental model, the number of infitrating inflammatory cells and fibrosis area in the hearts
progressively increased after the acute phase of infection, while syndecan-4 expression remained elevated in similar levels
in both the acute and chronic phases. Confocal microscopy analysis demonstrated the localization of syndecar-4
expression in blood vessels, co-localized with a-SMA, a marker for vascular smooth muscle cells (VSMCs). Confocal
microscopy analysis of human hearts samples showed a similar pattern of syndecan-4 expression in blood vessels. Mo
correlation between syndecan-4 expression and inflammation or fibrosis was found in the hearts from subjects with CCC
We also compared the expression of syndecar-4 evaluated in subjects with CCC, idiopathic dilated cardiormyopathy and
ischernic cardiomyopathy. No differences in the number of syndecan-4 positive vessels/mm? were found comparing the
three groups (P=0.466), whereas CCC patients presented a higher number of infiltrating inflammatory cells, compared to

inflammatory cells was found.

Keywords: Syndecan-, Chagas disease, Cardiomyopathy

the cther eticlogies of heart failure. Additionally, no correlation between syndecan-4 and fibrosis or numbers of

Conclusions: Syndecan-4 is expressed in the heart during the acute and chronic phases of Chagas disease, in association
with VSMCs, independently of the degree of myocardial fibrosis or the number of infiltrating inflammatery cells.

Background

Chagas disease (CD), caused by the protozoan parasite Try-
panosoma cruzi, represents the third largest tropical disease
burden, after malaria and schistosomiasis (Organization
WH 2010). Despite the significant reduction in the number
of infected people that has occurred worldwide, CD stll
represents a major public health problem in endemic coun-
tries, mainly Latin America, and is becoming an emerging
problem in non-endemic countries, such as USA, Spain,
Japan, and Australia, due to population migration (Bern
2015; Schmunis 2007). Chronic Chagas cardiomyopathy
(CCC) is the most severe form of clinical presentation in
CD and may occur up to 20 years after infection, in ap-
proximately 20-30% of infected subjects (Rassi and Rassi
2007; WHO 2015). The hallmark of CCC is the presence of
a multifocal inflammatory reaction, which leads to myocar-
dial fibrosis, often followed by ventricular dysfunction and
arrhythmias (Marin-Neto et al. 2007; Rochitte et al. 2005;
Mello et al. 2012). In this stage of the disease, the conven-
tional therapy for CD has not shown significant benefits
(Morillo et al. 2015), and there is no effective treatment
other than orthotopic heart transplantation.

Although the pathogenesis of CD has not been fully
understood, it is well known that the persistent cardiac
damage that occurs during the chronic phase is, at least
partially, a result of immune responses directed to the par-
asites, as well as to autoreactive cells, which recognize
heart antigens (Soares et al. 2001; Bonney and Engman
2015). Previous studies indicate a role for Thl lympho-
cytes, with a high production of IFN-y, which has been as-
sociated with progression to severe forms of the disease in
subjects with CCC (Soares et al. 2001; Gomes et al. 2003).
IFN-y and TNF-a are overexpressed in the hearts of mice
chronically infected with T. cruzi (Soares et al. 2010) and

can activate macrophages, an important cell population in
inflammatory sites.

Our group demonstrated, through DNA microarray
analysis, that several genes related to inflammation and fi-
brosis are upregulated in the hearts of mice with CCC
(Soares et al. 2011). Amaong those genes, we described the
upregulation of syndecan-4 gene transcripion in the
heart. Syndecan-4 expression was modulated after treat-
ment with bone marrow mononuclear cells or granulocyte
-colony stimulating factor (G-CSF), two protocols that sig-
nificantly reduced cardiac inflammation and fibrosis in the
mouse model of T. cruzi infection (Soares et al. 2011;
Vasconcelos et al. 2013), thus suggesting a role of this pro-
tein in the pathogenesis of Chagas disease.

Syndecan-4 is a transmembrane protein capable of carry-
ing heparan sulfate and chondroitin sulfate chains, and it is
expressed by different cell types, incdluding endothelial cells,
smooth muscle cells, and cardiac myocytes, playing a role
in processes such as fibroblast growth factor signaling,
regulation of cell migration and control of cell adhesion
(Tkachenko et al. 2005; Nikkari et al 1994; Li et al. 1997).
In clinical settings, syndecan-4 concentration has been
shown to be increased in subjects with heart failure,
inversely correlated with left ventricular ejection fraction
(Ma et al. 2013), and also after acute myocardial infarction
(Kojima et al. 2001). Takahashi and colleagues demon-
strated that syndecan-4 might be useful as a possible
biomarker to predict cardiovascular events, such as
death and hospitalization caused by worsening of heart
failure (Takahashi et al. 2011).

In the present study, we aimed to evaluate the pattern
of expression of syndecan-4 in heart tissue of mice and
subjects with Chagas disease (CD), correlating this expres-
sion with inflammation and myocardial fibrosis.
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Methods

Animal procedures

Six-to-eight weeks old female C57BL/6 mice were used
for T. cruzi infection and as normal controls. All animals
were raised and maintained at the animal facility of the
Center for Biotechnology and Cell Therapy, Hospital Sao
Rafael, in rooms with controlled temperature (224 2 °C)
and humidity (55+ 10%), and continuous air flow. Ani-
mals were housed in a 12 h light/12 h dark cycle (6 am -
6 pm) and provided with rodent diet and water ad libitum.
Animals were handled according to the NIH guidelines
for animal experimentation. All procedures described had
prior approval from the local institutional animal ethics
committee at Hospital Sdo Rafael (01/13).

Trypanosoma cruzi infection

Trypomastigotes of the myotropic Colombian T. cruzi
strain were obtained from culture supernatants of infected
LLC-MK2 cells, as previously described (Federici et al
1964). Infection of C57BL/6 mice was performed by intra-
peritoneal injection of 1000 T. cruzi trypomastigotes in sa-
line, and was confirmed through evaluation of parasitemia
at different time points after infection.

Real time reverse transcription polymerase chain reaction
(RT-qPCR)

Total RNA was isolated from heart samples with TRIzol
reagent (Invitrogen, Molecular Probes, Oregon, USA) and
concentration was determined by photometric measure-
ment High Capacity cDNA Reverse Transcription Kit (Ap-
plied Biosystems, Foster City, CA, USA) was used to
synthesize ¢cDNA of 1 pg RNA following manufacturer’s
recommendations. RT-gPCR assay was performed to detect
the expression levels of SDC4. The RT-gPCR amplification
mixtures contained template cDNA, Tagman Master Mix
and probe (all from Applied Biosystems). The samples were
normalized with HPRTI (endogenous control). All reac-
tions were run in triplicate on an ABI7500 Sequence Detec-
tion System (Applied Biosystems) under standard thermal
cycling conditions. The threshold cycle (27**) method of
comparative PCR was used to analyze the results.

Human samples

The study complied with the Declaration of Helsinki, and
was approved by the Ethics Committee of the Sio Rafael
Hospital under the number 51025115.3.0000.0048. Sixty
samples were obtained at Messejana Hospital in Fortaleza,
Ceard, a specialized medical center for orthotopic heart
transplantation in Brazil. Samples consisted of fragments
of explanted hearts from 15 subjects with CD, confirmed
by serological assay, 21 subjects with ICM, and 24 subjects
with IdDCM. Heart samples from left ventricle and
septum were included in paraffin, stained with H&E and
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Sirius Red, and used for immunostaining for detection of
syndecan-4, as described below.

Morphometry

Heart sections were analyzed by light microscopy after
paraffin embedding, followed by standard hemataoxylin
and eosin (H&E) staining. Inflammatory cells infiltrating
heart tissue were counted using a digital morphometric
evaluation system. Images were digitized using the slide
scanner Scan Scope (Leica). Morphometric analyses
were performed using the software Image Pro Plus v.7.0
(Media Cybernetics). The inflammatory cells were
counted in 10 fields (400x magnification) per heart The
percentage of fibrosis was determined using Sirius
red-stained heart sections and the Image Pro Plus v.7.0.
Two blinded investigators performed the analyses.

Immunofluorescence analysis

Histological sections of paraffin embedded tissues were
dewaxed and submitted to a heat-induced antigen retrieval
step by incubation in citrate buffer (pH =6.0). Then, sec-
tions were incubated overnight at 4 °C with the following
primary antibodies: goat anti-syndecan-4, diluted 1:400
(Santa Cruz Biotechnology), mouse anti-n-smooth muscle
actin (1:200, Dako) and rabbit anti-von Willebrand factor
(1:100, Diagnostic Biosystem, Pleasanton, CA). Next, the
sections were incubated for 1 h with secondary antibodies
anti-goat IgG Alexa fluor 488-conjugated, anti-mouse 1gG
Alexa Fluor 568-conjugated (1:600, Molecular Probes) or
anti-rabbit IgG Alexa Fluor 568-conjugated (1:1000, Mo-
lecular Probes). Nuclei were counterstained with DAPI
(Vector Labs). The presence of fluorescent cells was deter-
mined by observation on a FluoView 1000 confocal micro-
scope (Olympus) and Al confocal microscope (Nikon).
Quantifications were performed in 10 random fields cap-
tured under 400x magnification, using the Image Pro Plus
v.7.0 software (Media Cybernetics).

Statistical analysis

Categorical data were presented as percentages. Continu-
ous variables were tested for normal distribution using
Shapiro-Wilk test and were expressed as mean + SEM or
median (interquartile interval). Comparisons of continuous
variables among groups were performed with analysis of
variance (ANOVA) test, followed by Bonferroni post hoc
test for multiple-comparison test, or Kruskal-Wallis,
depending on normality assessed by Shapiro-Wilk test
Correlation between continuous variables was evaluated by
Pearson or Spearman coefficients, depending on normality.
Cases with missing data were not included in the analysis.
Analyses were performed using SPSS version 20.0 (IBM) or
Prism 6.0 (GraphPad Software), and p < 0.05 was consid-
ered statistically significant.
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Results

Analysis of inflammation, fibrosis and syndecan-4
expression in the hearts of mice during the course of
infection with T. cruzi

Groups of mice infected with 7. cruzi were euthanized at
different time points after infection for histological and im-
munofluorescence analyses. H&E-stained heart sections ob-
tained from mice during the acute phase (30 days) of
infection showed the presence of intense and diffuse in-
flammatory infiltrates mainly composed by mononuclear
cells. Parasite nests and perivascular inflammation were
also frequently present (Fig 1a and Additional file 1: Figure
S1A). A marked decrease on inflammation was seen 90 days
after infection, followed by a slight increase of a multifocal
inflammatory infiltrate, and areas of myocytolysis thereafter
(Fig. 1a and c). The presence of arterioles and veins with
thickened wall due to VSMC proliferation was frequently
seen during the chronic phase (Additional file 1: Figure
S1B). The presence of diffuse interstitial fibrosis was
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observed in Sirius red-stained sections, and morpho-
metric analysis showed a progressive increase in cardiac
fibrosis with time of infection (Fig. 1b and d).

Sections of mouse hearts collected at different time
points after infection and of uninfected controls were
stained with anti-syndecan-4 antibodies. Syndecan-4
staining was seen in cardiomyocytes and blood vessels,
both in mice euthanized during the acute and chronic
phases of infection (Fig. 2a-d). A statistically signifi-
cant increase in syndecan-4" blood vessels was seen at
the three time points evaluated, when compared to
uninfected controls (Fig. 2e and 2f).

To better characterize the expression of syndecan-4, we
performed confocal microscopy analysis in heart sections
co-stained for a-smooth muscle actin (a-SMA) and von
Willebrand factor (VWF). Co-localization between vWF, a
marker for endothelial cells, and syndecan-4 was observed
(Fig. 3a and b). However, co-localization of syndecan-4 and
a-SMA was much more intense and frequently found,

Inflammatory celis/mm?

-

Area of fibrosis (%)

30 90 180
Days after infection

Fig. 1 Histopathological analysis of mouse hearts at different time points after infection. a Heart sections stained with H&E, showing the presence of
inflammatory infiltrate at 30, 90and 180 days after infection with I. cnuz. b, Heart sections stained with Sirius red, showing areas of fibrosis at 30, 90
and 180 days after infection with 1. cruz. Arrows indicate the presence of parasite nests in the acute phase (30 days of infection). ¢ and d,
Quantification of inflammation and fibrasis by morphometric analysis in the hearts of infected mice. Data represent the mean + SEM of 5-6 mice/

\ group. * P < 005;** P< 001, ** P < 0001. Calibration bars= 50 uM
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indicating that vascular smooth muscle cells (VSMCs) are
the main cell population expressing syndecan-4 in this
model (Fig. 3c and d). We also performed double staining
for the pan-leukocyte marker CD45 and syndecan-4, but
did not observe co-staining (Fig. 3e and f).

Inflammation, fibrosis and syndecan-4 expression in
human heart samples

Heart sections were prepared from explanted human
hearts at end-stage CCC and stained with H&E for histo-
logical analysis. We observed the presence of foci of in-
flammatory infiltrates composed mainly of mononuclear
cells near areas of myocytolysis (Fig. 4a, ¢ and e). Alter-
ations in the microvasculature, including perivascular

inflammation, fibrosis, proliferation of microvessels and
thickening of vessel walls, leading to occlusion, were also
observed (Additional file 1: Figure S1IC-E). Additionally,
extensive areas of interstitial fibrotic scar were found in
Sirius red-stained sections (Fig. 4b, d and f).

The expression of syndecan-4 in human heart samples
was evaluated by analysis using confocal microscopy.
Syndecan-4 staining was also found in myocytes and mainly
in blood vessels, co-localizing with «SMA staining, indicat-
ing expression on VSMCs (Fig. 5a and b). Co-localization
between syndecan-4 and vWF was found in lower extent
(Fig. 5¢ and d). Analysis of heart samples with CCC was
performed to evaluate expression of syndecan-4 expression,
inflammation and fibrosis (Table 1). Syndecan-4 expression

104



Larocca et al. Surgical and Experimental Pathology (2018) 1:5

Page 6 of 12

mdecan-4 in end

n~<4 and a= VA (a and

Pl and observed by con

n Willebrand factor - v

varied and did not correlate with the degree of inflammation
or fibrosis.

Comparison of syndecan-4 expression, inflammation and
fibrosis among subjects with end-stage CCC, ICM and
idDCM

Intense inflammation and fibrosis are hallmarks of CCC. To
investigate if syndecan-4 expression was associated with fea-
tures of CCC, we compared the expression of syndecan-4 in
human heart samples. Sections from explanted hearts were
obtained from 60 individuals with end-stage cardiomyopathy.
The median number of inflammatory cells/mm? was 31.0

cells/mm? (IQL 16.8-109.8). There was a statistically sig-
nificant difference in this variable when we compared the
three groups of heart samples. The median numbers of in-
flammatory cells/ mm? were 127.8 cells/mm? (IQI: 31.0-
260.3), 20.1 cellsymm?® (IQL: 124-41.7) and 244 cells/
mm” (IQL 19.4-64.3) in subjects with CD, ICM and
IdDCM, respectively (P = 0.035; Fig. 6a).

The mean percentage of myocardial fibrosis was 17.4 +
8.2%, with no statistically significant difference across the
groups of heart samples. The mean percentage of myocar-
dial fibrosis was 19.1 + 7.7% in subjects with CD; 16.4 +
8.6% in subjects with ICM; and 17.1 + 84% in subjects
with IdDCM (P = 0.610; Fig. 6b).
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Fig. 4 Presence of infammation and fibrosis in explanted hearts from subjects with CCC. Heart sections of explants from three subjects with CCC
were prepared. a, ¢ and e, Staining with H&E, showing multifocal inflammatory infiltrate composed by mononuclear cells. b, d and f, Sirius red

- - ra'd

Regarding the expression of syndecan-4 assessment,
only 20 samples were successfully stained for the immu-
nostaining analysis (7 from subjects with Chagas disease,
5 from subjects with ischemic cardiomyopathy, and 8
from subjects with idiopathic cardiomyopathy). The
overall median syndecan-4 positive vessels/mm® was
0.54 vessels/mm” (IQL 0.27-1.45). No differences
were detected comparing the three groups of heart
samples. In subjects with CD, the median syndecan-
4 positive vessels/mm2 was 0.76 vessels/mm? (IQI:
0.52-1.66); while in subjects with ICM it was 0.46
vessels/mm? (IQL: 0.30-1.17); and in subjects with

IdDCM it was 043 vessels/mm? (IQI: 0.13-1.70)
(P =0.466; Fig. 6¢).

No correlation was found between the number of
syndecan-4" vessels/mm” and either the degree of myo-
cardial fibrosis (r=0.261, P = 0.265; Fig. 7a) or the num-
ber of inflammatory cells/mm? (r = 0.098, P=0.680; Fig.
7b). When we analyzed the results per group of heart
samples, we did not find any statistically significant cor-
relation either.

In CD heart samples (#=7), we found no significant
correlation between the number of syndecan-4 positive
vessels/mm? and either the degree of myocardial fibrosis
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(r=0.219, P = 0.637) or the number of inflammatory cells/
mm® (r=0.314, P=0.494). The results of these correla-
tions were, respectively, r= 0.835 (P=0.079) and r= 0276
(P =0.653) for heart samples of subjects with ICM (n =5),
and r=0.303 (P =0.466) and r =0.217 (P = 0.606) for heart
samples of subjects with IdDCM (n = 8).

Discussion

Heart failure is the final common pathway of a variety
of primary cardiovascular diseases regardless of the
nature of the cardiomyopathy. Understanding the clin-
ical and pathological differences among its main

etiologies is crucial for achieving breakthroughs in the
treatment of such a life-threatening disorder. Finding
new biomarkers is of special interest, as they may also
serve as molecular targets for the development of
therapeutic strategies. The current study provides a
characterization of syndecan-4 expression in the heart
tissue during acute and chronic T. cruzi infection in
mice. In addition to the analysis in the mouse model,
it shows, for the first time, the expression of
syndecan-4 in human tissue samples of subjects who
underwent orthotopic heart transplantation due to
chronic Chagas disease, ischemic cardiomyopathy, and
idiopathic cardiomyopathy.

Syndecan-4 is expressed in a variety of cell types, in-
cluding cardiomyocytes, endothelial cells, cardiac fi-
broblasts and smooth muscle cells (Li et al. 1997;
Samarel 2013; Julien et al. 2007; Xie et al. 2012). In
our study, we found that, although present in cardio-
myocytes and endothelial cells, syndecan-4 expression
was highly increased in VSMCs upon T. cruzi infec-
tion, both in mouse and human hearts. Previous studies
have shown that syndecan-4 expression and shedding is in-
creased by mechanical stress in VSMCs (Li and Chaikof
2002). Syndecan-4 co-localizes with integrin heterodimers
in focal adhesion complexes, which are affected by physical



Larocca et al. Surgical and Experimental Pathology (2018)1:5

Number of inf

|8 & =
B
gL
e e =
c.
rm....'.:....... b kbopathc

Fig. 6 Comparison of inflammation, fibrosis and syndecan<4
expression in the hearts of subjects with end-stage cardiomyopathy.
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cardiomyopathy (n =5) and idiopathic dilated cardiomyopathy (n=8).
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forces, thus causing the regulating the expression of
syndecan-4 (Li and Chaikof 2002). Therefore, it is possible
that the increased expression of syndecan-4 is induced by
mechanical stress in the wvessel walls. The role of
syndecan-4 as a mechanosensor has already been demon-
strated (Bellin et al. 2009). The implications of this finding
to the disease pathogenesis are currently unknown and
speculative, and should be further explored in future stud-
ies using adequate tools to block or enhance cardiac
syndecan-4 expression.

Syndecan-4 has a variety of roles, including
cell-cell adhesion, cell-ECM adhesion, binding to
growth factors, thus affecting the recruitment of in-
flammatory cells, as well as cardiac fibroblast activa-
tion and fibrosis deposition (Samarel 2013; Li and
Chaikof 2002; Gopal et al. 2017; Okina et al. 2012;
Strand et al. 2013). The extracellular domain of
syndecan-4 has heparan sulfate chains, which bind
to several molecules that modulate processes of tis-
sue injury and repair, including cell migration and
proliferation, cell-substrate interactions, extracellular
matrix remodeling, binding of cytokines and growth
factors (Li et al. 2002; Maillard et al. 2014). Recently,
Xi and co-workers (2016) have shown that syndecan-
4 influences the migration of endothelial progenitor
cells. As shown in our study and in previous reports
in the literature, CCC is associated with microvascu-
lature alterations, including the proliferation of
microvessels (Prado et al. 2011). Thus, it is possible
that elevated expression of syndecan-4 participates in
the promotion of microvessels formation found in
Chagas heart disease.

Although syndecan-4 expression has been linked
to inflammatory responses, we did not find a
correlation between the degree of inflammation and
syndecan-4 expression. Our results showing a
higher inflammation in the hearts of subjects with
CCC are in accordance with data in the literature re-
garding the presence of a well-established inflammatory
reaction in chronic Chagas disease (Marin-Neto et al.
2007). Interestingly, a significantly higher number of in-
flammatory cells was found in the hearts of subjects
with ICM and IdDCM, in the presence of similar de-
grees of cardiac fibrosis.

Myocardial fibrosis has been described as prominent
not only for CD, but also for ICM and IdCM (Otta-
viani et al. 2015; de Leeuw et al. 2001). Explanted
hearts were previously examined by de Leeuw and col-
leagues to determine whether specific histopathologic
features were present in the myocardium of patients
with end-stage idiopathic dilated cardiomyopathy.
Their group revealed marked fibrosis in the hearts of
21 of 37 patients with idiopathic cardiomyopathy and
in 26 of 35 patients with heart diseases of known
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causes (de Leeuw et al. 2001). In 2015, Ottaviani and
colleagues compared the gross and histopathological
parameters in hearts explanted-native or previously
transplanted-from patients with end-stage heart failure
with the clinical hemodynamics parameters at the time of
orthotopic heart transplantation. The authors showed that
both ischemic and non-ischemic cardiomyopathy patients
of end-stage heart failure requiring heart transplant-
ation presented high grades of fibrosis, hypertrophy
and myocytolysis (Ottaviani et al. 2015). Our study
reinforces this finding, since we did not find signifi-
cant differences in fibrosis area when hearts from the
three etiological groups were evaluated.

Additionally, we did not find differences in the de-
gree of myocardial fibrosis or in the density of
syndecan-4 positive vessels among the three groups of
heart samples. Likewise, we showed no significant cor-
relation between the number of syndecan-4 density
and the number of inflammatory cells or the percent-
age of myocardial fibrosis. These data are complemen-
tary and in accordance with our recently published
study, which showed lack of association between
serum syndecan-4 and myocardial fibrosis measured
by magnetic resonance imaging in subjects with CCC
(Larocca et al. 2017).

Regarding the human material, the present study
was limited by the reduced sample size for the immu-
nostaining analysis, as a result of a surprisingly high
number of samples that were not successfully
stained, probably due to non-standardized tissue
processing or tissue overfixation. Moreover, the in-
clusion of samples obtained from subjects with ad-
vanced heart failure may decrease the ability to

detect differences in syndecan-4 expression among
different etiologies that could possibly be present in
earlier stages of the diseases.

Conclusion

In conclusion, we demonstrated the expression of
syndecan-4 on VSMCs in both mice and human
hearts in Chagas cardiomyopathy, without any evidence of
carrelation between either the percentage of myocardial fi-
brosis or the number of inflammatory cells and the num-
ber of syndecan-4 positive blood vessels. Further work is
needed to clarify the role of syndecan-4 in the pathogen-
esis of CCC and its usefulness as a disease serological
biomarker.

Additional file

Additional file 1: Figure 51. Vascular alterations in hearts during
Chagas disease. Heart sections of mice 30 days (A) ar 8 months B) after
T. auzi infection, stained with H&E. Amow indicates the presence of a
parasite nest. CF, Sections of explanted human hearts from end-stage
Chagas disease heart failure subjects, sained with HZE (C-E)} and Sirius
red (F). Presence of perivascular inflammation (C), proliferation of micro-
vessels (Db, thickening of arteriole walls and perivascular fibrosis (E and F).
Calibration bars = 50 pM. (TIFF 3081 ko)
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ANEXO 4

The Presence and Extension of Myocardial Fibrosis in the Undetermined Form of Chagas’
Disease: A Study Using Magnetic Resonance
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