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RESUMO 

 
 

Introdução:  O Plasmodium vivax é a causa mais comum de malária humana na região 

Amazônica brasileira. A imunidade celular requer sinais co-estimulatórios para iniciar 

ou inibir as respostas das células T. CTLA-4 é um receptor expressado por células T 

ativadas. O objetivo do estudo foi analisar dois SNPs do gene CTLA4 em pacientes com 

malária por P. vivax e correlacionar com parasitemia e níveis IL-4. Métodos: Um total 

de 182 indivíduos com malária por P. vivax foram incluídos no estudo. O DNA foi 

extraído a partir de amostras de sangue de acordo com o procedimento padrão. O 

protocolo de PCR-RFLP foi utilizado para indetificar as frequências alélicas e 

genotípicas dos polimorfismos. A densidade parasitária em indivíduos infectados foram 

registrados e expressos pelo número de formas assexuadas de P. vivax por microlitro de 

sangue assumindo uma contagem de 100 campos microscópicos.  A dosagem sérica da 

IL-4 foram detectadas por Milliplex Map kit (Human Cytokine Magnetic Bead Panel- 

HCTOMAG-60K) com análise no equipamento Magpix/Luminex®.As análises 

estatísticas foram realizadas utilizando o programa R v 2.11.1.  Resultados: para o 

polimorfismo na posição -1577 G/A, o genótipo G/A teve maior frequência (49.4%), 

seguido pelo genótipo G/G (41%) e o genótipo A/A (9.6%). Para o polimorfismo na 

posição -1722 T/C, o genótipo T/T foi o mais frequente (86.7%), seguido pelo genótipo 

T/C (12.3%) e o menos frequente o genótipo C/C (1%). Os níveis de IL-4 variaram 

entre 0,61 e 9,32 pg/mL. Não houve diferenças estatisticamente significantes tanto na 

parasitemia e níveis de IL-4 entre indivíduos com diferentes genótipos. Conclusão: O 

estudo também destaca a importância da realização de estudos de associação genética 

em diferentes populações étnicas. Os SNPs do gene CTLA4 podem estar associados à 
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malária vivax em outras áreas endêmicas ou a outras doenças parasitárias, mas parecem 

não ter tal efeito nesta população.  

Palavras-chave: Malária, Plasmodium vivax: polimorfismos de base única, CTLA4 
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ABSTRACT 
 
 

Introduction: Plasmodium vivax is the most common cause of human malarial parasite 

infection in the Brazilian Amazon region. Cell-mediated immunity requires 

costimulatory activity to initiate or inhibit antigen-specific T-cell responses. Cytotoxic 

T lymphocyte-associated antigen (CTLA)-4 is an inhibitory receptor expressed by 

activated and regulatory T cells. The aim of this study was to analyze two coding 

single-nucleotide polymorphisms (SNPs) in CTLA4 in patients with P. vivax malaria 

and their correlation with parasitaemia and plasma interleukin (IL)-4 levels. Methods: A 

total of 182 P. vivax malaria patients were enrolled in the study. DNA was extracted 

from blood samples using a standard procedure. A PCR-RFLP protocol was used to 

identify the genotype and allele frequencies of the polymorphisms. The density of 

parasitemia in the infected individuals was recorded and expressed as the number of 

asexual P. vivax per microliter of blood assuming a count of 100 microscopy fields and 

estimated before treatment. Serum levels of IL-4 were detected using a Milliplex Map 

kit (Human Cytokine/Chemokine Magnetic Bead Panel–HCYTOMAG-60K) and a 

Magpix/Luminex®. Analyses were performed using R version 2.8.1 statistical software. 

Results: For the polymorphism at position -1577 G/A, the G/A genotype had the highest 

frequency (49.4%), followed by the G/G genotype (41%) and the A/A genotype (9.6%). 

For the polymorphism at position -1722 T/C, the T/T genotype had the highest 

frequency (86.7%), followed by the T/C genotype (12.3%), and the least frequent was 

the C/C genotype (1%). The IL-4 plasma level ranged from 0.61 to 9.32 pg/mL. There 

were no statistically significant differences in either parasitaemia or plasma IL-4 levels 

among individuals with different genotypes. Conclusion: The study also highlights the 

importance of conducting genetic association studies in different ethnic populations. 
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CTLA4 SNPs may be associated with malaria vivax in other endemic areas and other 

parasitic diseases, but they appear to have no such effect in this studied population.  

 

Keywords: Malaria, Plasmodium vivax, Single nucleotide polymorphism, CTLA4 
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1. Introdução 

 

 

1.1 Malária – Considerações gerais 

 

 

A malária é uma doença parasitária infecciosa causada por protozoários do 

gênero Plasmodium, da família Plasmodiidae, filo Apicomplexa, aproximadamente 120 

espécies de Plasmodium que infectam aves, répteis e mamíferos já foram descritas(1), 

cinco dessas são reconhecidas como causa da malária humana; Plasmodium falciparum, 

P. vivax, P. malariae e o P. ovale e, recentemente, o P. knowlesi que originalmente 

acreditava-se que fosse parasita exclusivo de macacos, foi detectado na Malásia 

infectando humanos (2,3). Essa doença é dos problemas mais graves de saúde pública no 

mundo, embora a grande maioria dos casos ocorra no continente africano, a doença 

encontra-se amplamente distribuída na América Latina, Sudeste Asiático e Oceania, 

estima-se que 3,3 bilhões de pessoas vivem em áreas de risco de transmissão de malária 

em 106 países e territórios(2). 

 Segundo a Organização Mundial de Saúde, ocorreram 207 milhões de casos de 

malária em 2012, resultando em aproximadamente 627 mil mortes, principalmente 

crianças menores de cinco anos. Nas Américas foram registrados 469 mil casos e o país 

com o maior número de casos notificados foi o Brasil com 52%, causadas por três 

espécies, P. vivax, P. falciparum e P. malariae, sendo o primeiro a espécie mais 

prevalente, responsável por 203.018 casos em 2012, 85% dos casos notificados(2,4) . 

A doença é principalmente transmitida ao homem pela picada da fêmea do 

mosquito do gênero Anopheles infectada pelo plasmodium, durante o repasto sanguíneo 

no homem injeta esporozoítos na corrente sanguínea. Após a picada, os esporozoítos 
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migram e invadem as células do fígado (hepatócitos), dando início ao ciclo pré-

eritrocítico ou esquizogonia tecidual. O P. vivax apresenta características biológicas 

distintas, como o desenvolvimento lento de alguns dos seus esporozoítos no fígado, 

dando origem a formas latentes ou hipnozoítos. A ativação dos hipnozoítos pode ocorrer 

semanas, meses ou anos mais tarde e, é responsável pela recaída da doença, permitindo 

o aparecimento do quadro clínico e condição potencial para a transmissão de 

gametócitos(5). 

Os parasitos que estão na fase hepática, sofrem diferenciação e multiplicação 

assexuada e após alguns dias surgem os merozoítos que rompem as células do fígado 

que invadem os eritrócitos, nessa fase o P. vivax tem como alvo as eritrócitos jovens 

(reticulócitos), o P. vivax é capaz de invadir somente reticulócitos que expressam em 

sua superfície o determinante antigênico do grupo sanguíneo Duffy, um antígeno 

receptor de quimiocinas, o qual é o receptor da molécula ligante PvDBP. Indivíduos 

Duffy-negativos parecem ser completamente refratários a esta infecção (6), embora 

evidências recentes na África(7,8) e no Brasil(9) sugerem que indivíduos Duffy negativos 

possam se infectar com este protozoário, provavelmente por meio de outros receptores 

envolvidos no reconhecimento eritrocitário(8). 

No ciclo eritrocítico, o parasito sofre uma série de transformações morfológicas,  

e desenvolvem para trofozoítos jovens (forma de anel) e posteriormente para trofozoítos 

maduros, no qual ocorre divisões para formação dos esquizontes e após a lise dos 

eritrócitos ocorre a liberação de novas formas merozoítas aptas a infectar outros 

eritrócitos. Depois de algumas gerações de merozoítos sanguíneos, ocorre diferenciação 

em estágios sexuados, os gametócitos masculinos e femininos, que são formas 

infectantes para o vetor. Durante um novo repasto sanguíneo no homem, o mosquito 
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não infectado ingere os gametócitos masculinos e femininos, ocorrendo o processo de 

fertilização entre os gametas, originado o oocineto que migra a parede intestinal, 

transforma-se em oocisto, multiplicando-se por esporogonia dando origem a milhares de 

esporozoítas, que migram para glândula salivar do mosquito onde amadurecem e se 

tornam capazes de infectar o hospedeiro vertebrado (5). 

O ciclo biológico da malária é extremamente complexo e requer expressão de 

proteínas especializadas do hospedeiro para garantir a sobrevivência do parasito e a sua 

invasão em diversos tipos celulares (1). A interação entre o esporozoíto e as células 

hepáticas ocorre através de uma proteína denominada circumsporozoíta (CSP), para a 

invasão dos eritrócitos várias moléculas do parasito interagem com receptores na célula 

hospedeira, como a proteína de superfície do merozoíto (MSP), o antígeno de 

membrana apical 1 (AMA-1),  e a proteína de ligação ao antígeno Duffy (DBP). Essas 

proteínas são altamente imunogênicas, tem sido demonstradas como importantes alvos 

para desenvolvimento de vacinas. 

 

 

1.2 Resposta Imune na Malária 

 

 

A resposta imune na malária atua contra as diferentes formas evolutivas do 

parasita, envolvendo mecanismos humorais e celulares (4,10). Em áreas em que a malária 

é altamente endêmica, crianças menores de cinco anos são altamente susceptíveis a 

doença, sendo comum casos fatais, após a exposição ao parasita crianças acima de cinco 

anos e adultos, desenvolvem uma proteção naturalmente adquirida, apresentando baixa 

parasitemia e ausência de sintomatologia. A intensidade destas manifestações depende 
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da idade do indivíduo e de exposições prévias ao parasita, desaparece se o contato com 

o parasito for cessado. Além disto, a imunidade à malária é caracterizada por ser espécie 

e estágio-específica(11). 

O desenvolvimento de uma resposta imune depende de uma rede complexa de 

células, mas no centro do processo está o papel dos linfócitos T ativados. Para que 

ocorra a ativação e proliferação dos linfócitos T, são necessários dois sinais 

independentes, o primeiro ocorre pela ligação do receptor do linfócito T (TCR) a um 

peptídeo antigênico apresentado pelo complexo principal de histocompatibilidade 

(MHC) presente nas células apresentadoras de antígenos(12,13). O segundo sinal co-

estimulatório é gerado pela interação de moléculas, B7.1 ou CD80 e B7.2 ou CD86,(14) e 

a molécula CD28, expresso constitutivamente na superfície das células T.(12,13) Por outro 

lado, o sinal co-inibitório diminuem este tipo de resposta promovendo a manutenção da 

homeostase imunológica, como o CTLA-4 (do inglês cytotoxic T lymphocyte-associated 

antigen 4).(13,15) 

A molécula CTLA-4 é expresso na superfície das células T ativadas e possui os 

mesmos ligantes que o CD28.(13) A interação da CTLA-4 com CD80 e CD86 acarreta 

em uma regulação negativa para resposta imunológica, com transmissão de um sinal 

que causa anergia clonal, tolerância ou desativação celular,(13, 15, 16) além da inibição da 

produção de citocinas e da progressão do ciclo celular.(17) 

O gene CTLA4 está localizado na região cromossômica 2q33, este gene possui 

7195 kilobases (kb) e apresenta 4 éxons. Polimorfismos de base única (SNPs) na região 

promotora desse gene podem potencialmente afetar a expressão do mesmo por meio de 

alteração da transcrição e tem sido estudados em doenças infecciosas, auto-imunes e 

neoplasias(13). Alguns estudos demonstram que polimorfismos nos genes CTLA4 e 
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CD28 conferem susceptibilidade e predisposição genética às doenças autoimunes.(18) O 

bloqueio do CTLA4 aumenta a resistência ao Trypanosoma cruzi,(19) e também para 

Leishmania donovani.(20) Na malária, estudos experimentais com Plasmodium berghei, 

demonstram que o bloqueio do gene CTLA4 conduziu a um aumento exacerbado nos 

casos de malária cerebral.(21) Além disso, essa molécula contribui na regulação para o 

equilíbrio Th1/Th2.(22) 

A Interleucina 4 (IL4) é uma citocina pertencente à família das hematopoietinas, 

produzidas pelas células T e mastócitos. A proteína expressa atua na proliferação e 

diferenciação de células B para posterior produção de anticorpos, com diminuição da 

resposta tipo Th1, além de estimular o crescimento e diferenciação de eosinófilos.(23) 

Nas células B ativadas estimula a síntese principalmente de IgE e de IgG de classe 1, 

sendo seu efeito modulado negativamente pelo interferon gama.(24) 

O antígeno de membrana apical 1 (AMA-1) é uma proteína transmembrana 

altamente conservada, presente em todas as espécies de Plasmodium, a estrutura da 

AMA-1 é formada por um ectodomínio rico em cisteínas, uma região transmembrana e 

uma região C-terminal, é uma proteína de 83 kDa está presente inicialmente nos 

micronemas e posteriormente na superfície do merozoíto durante a invasão nos 

eritrócitos.(25, 26) A função desempenhada por AMA-1 não é bem caracterizada, porém 

evidências demonstram o papel essencial dessa proteína durante o processo de invasão 

dos merozoítos aos eritrócitos, sendo um dos principais alvos de estudos para vacina 

contra a malária, por ser altamente imunogênica e os níveis de anticorpos contra AMA-

1 serem importantes para o bloqueio dessa invasão,(27) sendo capazes de reduzir a 

multiplicação do parasita e proteger contra infecções.(28) 
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1.3 Estudos de Associação e Ancestralidade 

 

 

Estudos de associação são amplamente utilizados para identificar genes 

relacionados à determinada doença, estudos do tipo caso-controle constituem uma 

importante ferramenta para mapear esses genes e verificam diferenças na frequência de 

polimorfismos entre os indivíduos que apresentam determinado fenótipo (caso) com 

indivíduos que não o apresentam (controle). Entretanto, nesse tipo de estudo, existe o 

risco obter resultados falso-positivos ou associações espúrias. Geralmente associações 

espúrias são decorrentes da estratificação populacional, que ocorre em grupos que 

possuem frequências alélicas diferentes entre e dentro dos subgrupos ou em populações 

miscigenadas com diferentes frações de ancestralidade. (29) 

Dessa forma, nos estudos de associação deve-se considerar a análise de 

ancestralidade para eliminar a possibilidade de a associação ser consequência do 

background genético da população estudada. Com este intuito, marcadores genéticos 

que capturem diferenças nas frequências alélicas entre populações continentais que 

possam atribuir a ancestralidade de um indivíduo, ou ainda estimar proporções de 

populações parentais em populações miscigenadas, são especialmente informativos para 

se estimar a miscigenação e são conhecidos como marcadores informativos de 

ancestralidade e (AIMs, do inglês ancestry informative markers). Dentre os diferentes 

marcadores genéticos (variação no número de cópias (CNV), inserção-deleção 

(INDEL), microssatélites), os mais empregados em estudos de associação são do tipo 

SNP, que consiste na alteração de um único nucleotídeo por outro. 

Esta observação é de grande relevância quando se pretende realizar estudos em 

populações miscigenadas como a brasileira. Geralmente, indicadores de aparência 
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física, especialmente a cor da pele, são utilizados para determinar a ancestralidade. 

Entretanto, como consequência da intensa miscigenação da população brasileira, 

resultado de cinco séculos de cruzamentos interétnicos entre europeus, africanos e 

ameríndios, estes indicadores são pobres descritores da ancestralidade genômica.(30, 31, 

32) Dessa forma, faz-se necessário a utilização de AIMs ao se realizar estudos de 

associação na população brasileira. 

 

 

1.4 Objetivos 

 

 

Geral 

Investigar a influência de polimorfismo no gene CTLA-4 na malária vivax em 

uma área endêmica da Amazônia brasileira  

Objetivos específicos: 

1. Avaliar se a ancestralidade genética influência na distribuição de 

polimorfismos no gene CTLA-4, 

2. Estimar as frequências alélicas e genotípicas de polimorfismos no gene 

CTLA4 de amostras de pacientes infectados por P. vivax, 

3. Correlacionar estas frequências com níveis de IL-4, anticorpos contra AMA-

1 e parasitemia, e outros fatores como gênero, idade, período de exposição, 

episódios prévios de malária, primo-infectados, ancestralidade genética.  
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2. Material e Métodos 

 

 

Cenário do estudo e da população 

 

 

A amostra foi constituída por 182 indivíduos infectados pelo P. vivax, coletadas 

no município de Goianésia do Pará (03º50'33" S; 49º05'49" W), este município está 

entre os cinco que concentram 50% dos casos de malária do Estado do Pará. Os 

pacientes incluídos nesse estudo (n=182) preencheram os seguintes critérios: 

apresentação aos cuidados médicos por causa por causa dos sintomas clínicos de 

malária, idade >14 anos de idade, e com diagnóstico positivo por gota espessa para P. 

vivax. Todos os indivíduos assinaram o termo de consentimento livre e esclarecido. O 

protocolo deste estudo foi analisado e aprovado (Processo número 

01774812.2.0000.5415) pelo Conselho de Ética em Pesquisa da Faculdade de Medicina 

de São José do Rio Preto, Estado de São Paulo, Brasil, e pelas autoridades de saúde do 

município de Goianésia do Pará. Amostras de sangue foram armazenadas à - 20oC. 

Para determinação da ancestralidade: A amostra foi constituída de 266 

indivíduos não relacionados, sendo 175 homens e 91 mulheres, provenientes do 

município de Goianésia do Pará. O projeto foi aprovado pelo Comitê de Ética em 

Pesquisa da Faculdade de Medicina de São José do Rio Preto (FAMERP 4599/2011). 

 

 

Determinação da parasitemia 
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Os resultados da Gota espessa foram confirmados por microscopistas 

experientes independentes que desconheciam cada resultado de acordo com os 

procedimentos recomendados pela Organização Mundial de Saúde. A densidade 

parasitária em indivíduos infectados foram registrados e expressos pelo número de 

formas assexuadas de P. vivax por microlitro de sangue assumindo uma contagem de 

100 campos microscópicos. Os resultados da Gota Espessa foram confirmados por 

semi-nested PCR com base no protocolo descrito por Snounou et al. (1993)(33).  

 

Genotipagem 

 

Os DNAs genômicos do sangue periférico foram extraídos utilizando o kit de 

extração Easy-DNATM (Invitrogen, Carlsbad, CA, USA). A identificação dos 

genótipos para os polimorfismos de nucleotídeo único (SNPs) foram realizadas por 

PCR-RFLP. Para o genótipo na posição -1577 G>A do gene CTLA4 foram utilizados os 

oligonucleotídeos iniciadores 5’ CTTCATGCCGTTTCCAACTT 3’ e 5’ 

ATCTCCTCCAGGAAGCCTCTT 3’. A reação da PCR, de 25 uL foi composta com: 

Tampão 1X (Tris-HCl pH 8,4 200 mM, KCl 500 mM), MgCl2 1,5 mM, 0,2 mM de cada 

dNTP, 0,6 µM de cada iniciador, 0,5 U de Platinum Taq DNA Polimerase (Invitrogen 

Life Techonologies®, Brasil) e 1 µL de DNA genômico, gerando um fragmento de 

536pb em gel de agarose 1,5%. A reação de amplificação consistiu de uma desnaturação 

inicial por 94ºC por 5 min seguido de 35 ciclos de 94ºC por 30 s, 52ºC for 30 s, e 72ºC 

para 1 min e finalmente um de ciclo de 72ºC por 5 min. O produto amplificado foi 

digerido a enzima de restrição MboII (Fermentas®) a 37ºC por 20 minutos e visualizado 
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em gel de agarose 2% corado com gel red. Os genótipos atribuídos foram baseados no 

tamanho dos fragmentos resultantes:442, 59, 26 e 9 pb para o alelo G e fragmentos de 

275, 167, 59, 26 e 9 pb correspondentes ao alelo A. 

Para o SNP na posição -1722 T>C no gene CTLA4 foram utilizados os 

oligonucleotídeos iniciadores 5’ CTTCATGCCGTTTCCAACTT 3’ e 5’ 

CCTTTTCTGACCTGCCTGTT 3’. A reação de PCR, de 25 uL foi composta com: 

Tampão 1X (Tris-HCl pH 8,4 200 mM, KCl 500 mM), MgCl2 1,5 mM, 0,2 mM de cada 

dNTP, 0,6 µM de cada iniciador, 0,5 U de Platinum Taq DNA Polimerase e 1 µL de 

DNA genômico, gerando um fragmento de 400 pb em gel de agarose 1,5%. A PCR 

consistiu de uma desnaturação inicial por 94ºC por 5 min seguido de 35 ciclos de 94ºC 

por 30 s, 52ºC for 30 s, e 72ºC para 1 min e finalmente um de ciclo de 72ºC por 5 min. 

O produto amplificado foi digerido com a enzima de restrição BbvI (Fermentas®) a 

37ºC overnight e visualizado em gel de agarose 2% corado com gel red. A identificação 

dos genótipos foi baseada no tamanho dos fragmentos resultantes: 400 pb 

correspondendo ao alelo T e fragmentos  de 210 e 190 pb para o alelo C. 

Para determinação da ancetralidade: Foi realizada a identificação dos seguintes 

SNPs, por PCR-RFLP: -372G>A (rs35593994) e +17T>C (rs3116496) no gene CD28, -

318C>T (rs5742909) e +49A>G (rs231775) no gene CTLA4, +1564T>C (rs4675378) 

no gene ICOS, +1057G>A (rs1129055) no gene CD86, -726T>C (rs3092945) no gene 

CD40L, -1C>T (rs1883832) no gene CD40 e -871C>T (rs9514828) no gene BLYS. 

Todas as reações de PCR foram realizadas em um volume final de 25 µL contendo 

Tampão 1X (Tris-HCl 20 mM pH 8,4, KCl 50 mM), MgCl2 1,5 mM, 0,2 mM de cada 

dNTP (dATP, dTTP, dCTP, dGTP), 0,4 pmol de cada iniciador e 0,5 U de Platinum Taq 

DNA Polimerase (Invitrogen, São Paulo, Brasil). As amplificações foram feitas no 
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termociclador DNA MasterCycler (Eppendorf, Hamburgo, Alemanha), nas seguintes 

condições: uma etapa inicial de 5 minutos a 94ºC, 35 ciclos de 30 segundos a 94ºC, 30 

segundos em uma temperatura de anelamento de acordo com o iniciador utilizado e 1 

minuto a 72ºC, e uma etapa final de 10 minutos a 72ºC. As sequências dos iniciadores, 

bem como as temperaturas de anelamento utilizadas em cada reação estão descritas na 

tabela 1. Os produtos da amplificação foram visualizados em gel de agarose 2% corado 

com GelRedTM (Biotium, Hayward, EUA) e foram submetidos à digestão utilizando 

enzimas da marca Fermentas (Vilnius, Lituânia), e os protocolos seguiram as 

recomendações do fabricante. As enzimas utilizadas, bem como o tamanho dos 

fragmentos resultantes da digestão de cada polimorfismo estão apresentadas na tabela 1. 

Os produtos da digestão foram visualizados em gel de agarose 2,5% corado com 

GelRedTM (Biotium, Hayward, EUA), com exceção dos polimorfismos CD40 -1C>T e 

CTLA4 -318C>T, que foram visualizados em gel de poliacrilamida 12,5%, corado com 

brometo de etídio.   

 

Ensaio de níveis de citocina IL-4 

 

A dosagem sérica da IL-4 foi realizada segundo o protocolo do kit (Milliplex 

Map kit, Human Cytokine Magnetic Bead Panel- HCTOMAG-60K) com análise no 

equipamento Magpix/Luminex®. As amostras de soro dos pacientes com malária 

estavam congeladas à temperatura -20°C e foram descongeladas uma única vez para a 

realização do ensaio. O princípio desse teste é pela detecção da IL-4, por meio de 

captura, por um anticorpo anti-IL-4, fixado em beads (microesferas de poliestireno), em 

um ensaio sanduíche. O software xPONENT analisa as imagens 
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(http://www.gendiag.com.br; http://www.luminexcorp.com). As dosagens foram 

realizadas em duplicata e os valores expressos em média do nível do analito.  

 

 

Avaliação da resposta de anticorpos contra AMA-1 

 

 

A avaliação de anticorpos IgG total contra a PvAMA-1 foi realizada utilizando a 

proteína recombinante representando o ectodomínio da proteína (aminoácidos 43 a 487) 

do P. vivax (cepa Belém) expressa em Pichia pastoris, de acordo com o protocolo 

descrito por Vicentin et al., 2014(34).  

Os 96 poços das placas de ELISA (Costar, Corning Inc., NY, EUA) foram 

sensibilizados com 50 µL da proteína PvAMA-1 (2 µg/mL) diluída em tampão 

carbonato 0,05 M pH 9,0, por 16 horas a temperatura ambiente. Posteriormente, as 

placas foram lavadas com PBS Tween 0,05% e bloqueadas com 200 µL de PBS leite 

5%. Após 2 horas a 37°C, as placas foram lavadas com PBS Tween 0,05% e 50 µL do 

plasma, diluído 1:100 em PBS leite 5%, foram adicionados em cada poço, em duplicata, 

e as placas foram incubadas por 2 horas a temperatura ambiente. Após nova lavagem 

das placas com PBS Tween 0,05%, foram adicionados, em cada poço, 50 µL de 

conjugado anti-IgG humano ligado a peroxidase (Sigma 0170, MO, EUA), diluído 

1:5.000 em PBS leite 5%, e as placas foram incubadas por 1 hora em temperatura 

ambiente. Em seguida, após nova lavagem com PBS Tween 0,05%, as placas foram 

reveladas com a adição de 100 µL de OPD (1 mg/mL) diluído em tampão fosfato-citrato 

pH 5,0 contendo 0,03% de peróxido de hidrogênio. Essa reação foi mantida no escuro e 
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interrompida após 10 minutos pela adição de 50 uL de H2SO4 4N em cada poço. A 

densidade ótica (OD) foi quantificada em leitora de ELISA (Awareness Technology, 

Stat Fax 2100, FL, EUA) em um comprimento de onda de 492 nm.  O ponto de corte foi 

estabelecido pela média das ODs de 40 amostras de plasma de indivíduos sem histórico 

de malária, residentes em São José do Rio Preto, interior do Estado de São Paulo (área 

não endêmica de malária) acrescida de três desvios padrões. 

 

 

Determinação da ancestralidade 

 

 

A genotipagem para a determinação da ancestralidade foi realizada utilizando 48 

marcadores do tipo INDEL, previamente padronizados e validados.(35) Os marcadores 

foram selecionados seguindo dois critérios principais: grandes diferenças nas 

frequências alélicas entre africanos, europeus e/ ou ameríndios (≥ 40%) e estarem 

localizados em diferentes cromossomos ou em regiões físicas distantes quando no 

mesmo cromossomo. As reações de PCR foram realizadas em três sistemas multiplex, 

cada um contendo 16 pares de iniciadores marcados com fluorescência. A eletroforese 

foi realizada em sequenciador automático ABI PRISM 3130 Genetic Analyzer (Applied 

Biosystems). As sequências dos iniciadores, bem como as condições de ciclagem e da 

eletroforese capilar estão descritas em Santos et al (2010). Para estimar a mistura 

interétnica individual, foi utilizado o programa Structure versão 2.3.4 

(http://pritch.bsd.uchicago.edu/software.html). 

 



 14 Material e Métodos 

 

Análises Estatísticas 

 

 

Toda a análise estatística foi realizada com o programa R v 2.11.1 (http://www.r-

project.org). As frequências genotípicas e alélicas para cada variante foram obtidas por 

meio do pacote genetics.(36) Utilizando este pacote, foram avaliados desvios do 

Equilíbrio de Hardy-Weinberg. O teste não paramétrico de Kruskal-Wallis foi utilizado 

para testar diferenças na parasitemia e níveis de anticorpos em relação aos genótipos. 

Para avaliar diferenças nas médias dos níveis de IL-4 em relação aos genótipos, foi 

empregado o teste de variância (ANOVA). A análise entre os níveis de IL-4 e 

parasitemia foi realizada através da correlação de Spearman. As frequências 

haplotípicas foram estimadas pelo método da máxima verossimilhança que utiliza o 

algoritmo EM (do inglês expectation-maximization), que faz parte do pacote 

haplo.stats.(37) A análise de variância (ANOVA e teste t de Student) foi utilizada para 

testar as diferenças nas proporções de cada uma das ancestralidades entre os diferentes 

genótipos. Um modelo de regressão logística binária foi desenvolvido para explorar 

graficamente a associação dos polimorfismos com a ancestralidade individual estimada, 

utilizando o pacote ggplot2 (Wickham 2009). Todos os pacotes estão implementados no 

programa R versão 2.11.1 (http://www.r-project.org). Valores de p<0,05 foram 

considerados estatisticamente significantes. 
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Abstract 

Introduction: Plasmodium vivax is the most common cause of human malarial parasite 

infection in the Brazilian Amazon region. Cell-mediated immunity requires 

costimulatory activity to initiate or inhibit antigen-specific T-cell responses. Cytotoxic 

T lymphocyte-associated antigen (CTLA)-4 is an inhibitory receptor expressed by 

activated and regulatory T cells. The aim of this study was to analyze two coding 

single-nucleotide polymorphisms (SNPs) in CTLA4 in patients with P. vivax malaria 

and their correlation with parasitaemia and plasma interleukin (IL)-4 levels. Methods: A 

total of 182 P. vivax malaria patients were enrolled in the study. DNA was extracted 

from blood samples using a standard procedure. A PCR-RFLP protocol was used to 

analyze the genotype and allele frequencies of the polymorphisms. The density of 

parasitemia in the infected individuals was recorded and expressed as the number of 

asexual P. vivax per microliter of blood assuming a count of 100 microscopy fields and 

estimated before treatment. Serum levels of IL-4 were detected using a Milliplex Map 

kit (Human Cytokine/Chemokine Magnetic Bead Panel–HCYTOMAG-60K) and a 

Magpix/Luminex®. Analyses were performed using R version 2.8.1 statistical software. 

Results: For the polymorphism at position -1577 G/A, the G/A genotype had the highest 

frequency (49.4%), followed by the G/G genotype (41%) and the A/A genotype (9.6%). 

For the polymorphism at position -1722 T/C, the T/T genotype had the highest 

frequency (86.7%), followed by the T/C genotype (12.3%), and the least frequent was 



 19 Artigo 1 

the C/C genotype (1%). The IL-4 plasma level ranged from 0.61 to 9.32 pg/mL. There 

were no statistically significant differences in either parasitaemia or plasma IL-4 levels 

among individuals with different genotypes. Conclusion: CTLA4 SNPs may be 

associated with malaria vivax in other endemic areas and other parasitic diseases, but 

they appear to have no such effect in this studied population. The study also highlights 

the importance of conducting genetic association studies in different ethnic populations. 

 

Keywords: Malaria, Plasmodium vivax, Single nucleotide polymorphism, CTLA4 

 

1. Introduction 
Malaria is a major cause of morbidity and mortality for millions of people 

worldwide, mainly in tropical and subtropical areas (Tangpukdee et al., 2009). 

Plasmodium vivax is the predominant species in Brazil and was responsible for 203,018 

cases in 2012, i.e., 85% of reported cases (WHO, 2013). 

The immune response in malaria involves humoral and cellular mechanisms, and 

it is directly related to disease pathophysiology and hence to its signs and symptoms 

(Medina et al., 2011; Oliveira-Ferreira et al., 2010). For the immune response to occur, 

interactions between T-cell antigen receptors (TCR) and CD4 or CD8 co-receptors that 

bind to human leukocyte antigen (HLA) are necessary to initiate T cell proliferation 

(Pincerati et al., 2010; Rummel et al., 2004). However, this binding does not result in 

clonal expansion, as this process requires costimulatory molecules B7.1 or CD80 and 

B7.2 or CD86 (Elias et al., 2005) and their T cell receptor, CD28, which is 

constitutively expressed on the cell surface (Pincerati et al., 2010; Rummel et al., 2004). 

Moreover, co-inhibitory molecules, such as CTLA-4 (cytotoxic T lymphocyte-
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associated antigen-4), also participate in this process (Liu and Zhang, 2013; Pincerati et 

al., 2010). 

CTLA-4 is expressed on the surface of activated T cells and has the same 

ligands as CD28 (Pincerati et al., 2010). The interaction of CTLA-4 with CD80 and 

CD86 leads to a downregulation of the immune response by transmitting a signal that 

causes clonal anergy, tolerance or cell deactivation (Liu and Zhang, 2013; Pincerati et 

al., 2010; Rudd and Schneider, 2003), in addition to inhibiting cytokine production and 

progression of the cell cycle (Sayegh, 1999). Some studies have demonstrated that 

polymorphisms in the CTLA4 and CD28 genes confer susceptibility and genetic 

predisposition to autoimmune diseases (Cheng et al., 2006). CTLA4 blockade increases 

resistance to Trypanosoma cruzi (Martins et al., 2004) and also to Leishmania donovani 

(Murphy et al. 1998). With regard to malaria, experimental studies with P. berghei 

showed that CTLA4 gene blockade led to a considerable increase in the number of 

cerebral malaria cases (Jacobs et al., 2002). Furthermore, this molecule contributes to 

regulation of the Th1/Th2 balance (Masteller et al., 2000). Interleukin 4 (IL-4) is a 

cytokine produced mainly by Th2 cells and mast cells that acts in the proliferation and 

differentiation of B cells for subsequent production of antibodies (Jha et al., 2012). 

CTLA4 blockade during Nippostrongylus brasiliensis infection resulted in high 

production of Th2 cytokines, such as IL-4, and a decrease in this parasite (McCoy et al., 

1997).  

Apical membrane antigen 1 (AMA-1) is a protein synthesized by mature stages 

of the parasite and is present on the surface of the merozoite during the invasion of 

erythrocytes (Arévalo-Herrera et al., 2010; Bueno et al., 2011). AMA-1 is one of the 

main targets of studies for a malaria vaccine because it is highly immunogenic and 
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because anti-AMA-1 antibodies are important for blocking this invasion (Zakeri et al., 

2013), as they are able to reduce the replication of the parasite and protect against 

infections (Remarque et al., 2008). 

The CTLA4 gene is located in the 2q33 chromosome region. Single nucleotide 

polymorphisms (SNPs) in the promoter region of this gene may potentially affect its 

expression through changes in gene transcription and have been studied in infectious 

and autoimmune diseases as well as in cancer (Pincerati et al., 2010). Based on these 

data, we studied the allele and genotype frequencies of CTLA4 gene polymorphisms at 

positions -1577 G>A (rs11571316) and -1722 T>C (rs733618) and their correlation 

with levels of parasitemia, IL-4 and anti-AMA-1 antibodies in patients infected with P. 

vivax. 

 

2. Materials and Methods 

 2.1 Study and population characteristics 

The sample consisted of 182 individuals infected with P. vivax and was collected 

in the municipality of Goianésia do Pará (03º50'33" S; 49º05'49" W), which is located in 

the southeastern Pará mesoregion and in the microregion of Paragominas, and it borders 

the municipalities of Breu Branco, Novo Repartimento, Dom Eliseu, Ipixuna do Pará, 

Jacundá and Rondon do Pará. The municipality has a land area of 7,021 km2 with an 

estimated population of 29,161 inhabitants, of whom 52% are over 14 years old. The 

population density is 4.5 inhabitants per km2, and the municipality is approximately 350 

km from the capital. This municipality is among the five that contain 50% of the 

malaria cases in the State of Pará. In total, 1,136 cases of malaria were reported in 2012, 

of which 80% corresponded to cases of P. vivax infection. Three locations (settlement 
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areas) were chosen: Santa Paula, Rouxinol and Ararandeua, all with high annual 

parasitic indices (API) in 2009, namely 368.4, 1484.4 and 134.4, respectively (SIVEP-

Malária, n.d.). The patients included in the present study (n=182) met the following 

criteria: sought medical care because of clinical symptoms of malaria, were aged > 14 

years old and had a positive diagnosis of P. vivax by thick blood smear. All individuals 

signed an informed consent form. Peripheral blood samples were obtained from 

individuals from the malaria endemic area of Goianésia do Pará, Brazilian Amazon 

region. The study protocol was reviewed and approved (Process number 

01774812.2.0000.5415) by the Research Ethics Committee of the Medical School of 

São José do Rio Preto (Faculdade de Medicina de São José do Rio Preto – FAMERP), 

State of São Paulo, Brazil, and by the health authorities of the municipality of Goianésia 

do Pará. The blood samples were stored at -20°C. 

 

2.2 Parasitemia determination 

Thick blood smear results were confirmed by independent experienced 

microscopists who were blind to each result, according to the procedures recommended 

by the World Health Organization. The parasite density in infected individuals was 

recorded and expressed as the number of P. vivax asexual forms per microliter of blood 

when counting 100 microscopic fields. The thick blood smear results were confirmed by 

semi-nested PCR based on the protocol described by Snounou et al. (1993).  

 

2.3 Estimates of interethnic admixture  

 The population of northern Brazil is highly mixed and formed mainly by crosses 

between Europeans, Africans, and Native Americans. To avoid spurious interpretations 
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resulting from population substructure, we used a panel of 48 ancestry informative 

markers (AIMs) to estimate the proportion of individual interethnic admixture in our 

sample, following a previously described protocol. The Structure software version 2.3.4 

was used, and three parental populations (European, African, and Native Americans) 

were assumed as described by Santos et al. (Santos et al., 2010). These estimates were 

used as covariates in the multivariate analyses to adjust for population stratification. 

 

2.4 Genotyping 

Genomic DNA samples from the peripheral blood of all individuals included in 

the present study were extracted using the Easy-DNATM extraction kit (Invitrogen, 

Carlsbad, CA, USA). SNP genotyping was performed using PCR-RFLP. The primers 5’ 

CTTCATGCCGTTTCCAACTT 3’ and 5’ ATCTCCTCCAGGAAGCCTCTT 3’ were 

used for genotyping at position -1577 G>A of the CTLA4 gene. The 25-µL PCR 

reaction consisted of the following: 1X buffer (200 mM Tris-HCl pH 8.4, 500 mM 

KCl), 1.5 mM MgCl2, 0.2 mM of each dNTP, 0.6 µM of each primer, 0.5 U Platinum 

Taq DNA polymerase (Invitrogen Life Technologies®, Brazil) and 1 µL of genomic 

DNA, generating a 536-bp fragment as visualized on a 1.5% agarose gel. The 

amplification reaction consisted of an initial denaturation step at 94°C for 5 min 

followed by 35 cycles of 94°C for 30 s, 52°C for 30 s, and 72°C for 1 min and finally a 

72°C cycle for 5 min. The amplified product was digested with the MboII restriction 

enzyme (Fermentas®) at 37°C for 20 minutes and visualized on a 2% agarose gel 

stained with GelRed. The genotypes were assigned based on the size of the resulting 

fragments: 442, 59, 26 and 9 bp for allele G and fragments of 275, 167, 59, 26 and 9 bp 

corresponding to allele A. 
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For SNPs at position -1722 T>C in the CTLA4 gene, the primers 5’ 

CTTCATGCCGTTTCCAACTT 3’ and 5’ CCTTTTCTGACCTGCCTGTT 3’ were 

used. The 25-µL PCR reaction consisted of: 1X buffer (200 mM Tris-HCl pH 8.4, 500 

mM KCl), 1.5 mM MgCl2, 0.2 mM of each dNTP, 0.6 µM of each primer, 0.5 U 

Platinum Taq DNA polymerase and 1 µL of genomic DNA, generating a 400-bp 

fragment as visualized on a 1.5% agarose gel. The amplification reaction consisted of an 

initial denaturation step at 94°C for 5 min followed by 35 cycles of 94°C for 30 s, 52°C 

for 30 s, and 72°C for 1 min and finally one 72°C cycle for 5 min. The amplified 

product was digested with BbvI restriction enzyme (Fermentas®) at 37°C overnight and 

visualized on a 2% agarose gel stained with GelRed. Genotyping was performed based 

on the size of the resulting fragment: 400 bp corresponding to the T allele and fragments 

of 210 and 190 bp for allele C. 

 

2.5 Cytokine assay for IL4 levels 

Serum IL-4 levels were measured according to the kit protocol Milliplex MAP 

Human Cytokine/Chemokine Panel (# HCYTOMAG-60K, Millipore, Boston, MA, 

USA)  with analysis on the Magpix/Luminex® device. Serum samples from malaria 

patients were frozen at -20°C and were thawed only once to perform the assay. The 

principle of this assay is that IL-4 is detected by capturing it using an anti-IL-4 antibody 

and fixing it on beads (polystyrene microspheres) in a sandwich immunoassay. The 

images were analyzed using xPONENT software. The measurements were performed in 

duplicate, and the values were expressed as mean analyte levels.  

 

2.6 AMA-1 assessment of the serological response against P. vivax 
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The assessment of total IgG antibodies against PvAMA-1 was performed using a 

recombinant protein representing the ectodomain of the P. vivax (‘Belém’ strain) protein 

(amino acids 43 to 487) expressed in Pichia pastoris according to the protocol described 

by Vicentin et al. 2014.  

The 96 wells of the ELISA plates (Costar, Corning Inc., NY, USA) were 

sensitized with 50 µL of the PvAMA-1 protein (2 µg/mL) diluted in 0.05 M carbonate 

buffer (pH 9.0) for 16 hours at room temperature. Subsequently, the plates were washed 

with 0.05% phosphate-buffered saline (PBS) Tween and blocked with 200 µL PBS with 

5% milk. After 2 hours at 37°C, the plates were washed with 0.05% PBS Tween and 50 

µL of plasma diluted 1:100 in PBS with 5% milk was added to each well in duplicate, 

after which the plates were incubated for 2 hours at room temperature. After re-washing 

the plates with 0.05% PBS Tween, 50 µL of anti-human IgG-peroxidase conjugate 

(Sigma 0170, MO, USA) diluted 1:5,000 in PBS with 5% milk was added to each well, 

and the plates were incubated for 1 hour at room temperature. After re-washing with 

0.05% PBS Tween, the plates were developed by adding 100 µL of o-phenylenediamine 

(1 mg/mL) diluted in phosphate-citrate buffer (pH 5.0) containing 0.03% hydrogen 

peroxide. This mixture was left to react in the dark and stopped after 10 minutes by 

adding 50 µL of 4 N H2SO4 to each well. The optical density (OD) was measured with 

an ELISA reader (Awareness Technology Stat Fax 2100, FL, USA) at a wavelength of 

492 nm. The cutoff point was established by using the mean of the ODs plus three 

standard deviations of 40 plasma samples from individuals with no history of malaria 

living in São José do Rio Preto in the countryside of the state of São Paulo, which is not 

a malaria endemic area. 
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2.7 Statistical Analyses 

All statistical analyses were performed using R software v.2.11.1 (http://www.r-

project.org). The genotype and allele frequencies for each variant were obtained through 

the genetics package (Warnes et al., 2011). Using this package, deviations from Hardy-

Weinberg equilibrium were evaluated. The nonparametric Kruskal-Wallis test was used 

to test differences in parasitemia and in antibody levels according to genotypes. The 

analysis of variance (ANOVA) was used to evaluate differences in the mean IL-4 levels 

according to genotypes. The analysis between the levels of IL-4 and parasitemia was 

performed using Spearman’s correlation. Differences in proportions were assessed 

using the Chi-square test, and p-values <0.05 were considered significant. 

 

3. Results 

The IL-4 levels varied between 0.61 and 9.32 pg/mL. The parasitemia levels as 

measured by thick blood smear ranged from 5 to 20,000 parasites/mm3. As summarized 

in Figures 1a and 1b, there was no significant correlation between the levels of 

parasitemia and anti-AMA-1 antibodies (p=0.43 and rho=0.06) and between levels of 

parasitemia and IL-4 (p=0.48 and rho=-0.08). Of the 182 individuals analyzed in the 

present study, 124 were positive for IgG antibodies against PvAMA-1 and 58 were 

negative.  

 



 27 Artigo 1 

 

 

Figure 1. (a) Correlation between the levels of anti-AMA-1 antibodies and 

parasitemia. (b) Correlation between the IL-4 levels and parasitemia in 83 patients with 

P. vivax malaria  

 

No significant differences were observed between the groups when compared 

according to gender, age, number of previous malaria episodes, exposure period and 

genetic ancestry (Table 1). 

 

 

Table 1. Characteristics of malaria patients according to AMA-1 antibody response. 

Characteristics All malaria 
patients 
(n = 182) 

AMA-1 positive 
(n = 124) 

AMA-1 negative 
(n = 58) 

p-value 

Gender (male)a 69.8 71.7 65.5 0.49 
Age (years)b 29 (14-68) 30 (14-68) 26 (14-65) 0.31 
Exposure period (years)b 5 (0.1-63) 5 (0.1-37) 9 (0.1-63) 0.11 
Previous malaria 
episodesc 

4.7 ± 3.3 5.1 ± 3.1 3.8 ± 3.5 0.22 

Primo-infecteda  11.4 4.1 30.4 <0.0001 

Genetic ancestryc 
    

     African 0.320 ± 0.113 0.318 ± 0.117 0.326 ± 0.105 0.55 
     European 0.441 ± 0.121 0.441 ± 0.120 0.441 ± 0.123 0.90 
     Native Amerindian 0.238 ± 0.088 0.241 ± 0.092 0.233 ± 0.079 0.78 

Parasite density 
(parasites/µL)b 

1500 (5-10000) 2000 (10-10000) 1000 (5-7000) 0.09 

IL-4 concentration 
(pg/mL)b 

1.05 (0.615-
40.365) 

1.04 (0.725-
9.325) 

1.18 (0.615-
40.365) 

0.26 

 

aPercentages 
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bMedian (range)  

cMean ± standard deviation 

 

As described in Table 2, for the polymorphism at position -1577 G/A, the G/A 

genotype was the most frequent (49.4%) followed by the G/G genotype (41%) and the 

A/A genotype (9.6%). For the polymorphism at position -1722 T/C, the T/T genotype 

was the most common (86.7%) followed by the T/C genotype (12.3%), and the C/C 

genotype was the least frequent (1%).  

 

Table 2. Genotype and allele frequencies of CTLA4 gene polymorphisms in patients 

from the Brazilian Amazon region with vivax malaria. 

 

Gene SNPs Position in 
the gene 

Genotype/ 
Allele 

Frequency 
(%) 

HWE 

CTLA4 rs733618 -1722 TT 163 (86.7%) p=0.39 

   TC 23 (12.3%)  

   CC 2 (1%)  

      

   T 349 (92.8%)  

   C 27 (7.2%)  

      

 rs11571316 -1577 GG 73 (41%) p=0.24 

   GA 88 (49.4%)  

   AA 17 (9.6%)  

      

   G 234 (65.7%)  

   A 122 (34.3%)  
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No significant association was observed between genotypes evaluated at 

positions -1722 (p=0.68) and -1577 (p=0.74) for levels of IgG antibodies against 

PvAMA-1 (Figure 2a) or for IL-4 levels (Figure 2b). There was no significant 

difference between the genotype frequencies of responder and non-responder 

individuals for IgG against PvAMA-1 (Table 3). 
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Figure 2. (a) Correlation between the levels of anti-AMA-1 antibodies and the 

genotypes at positions -1722 (T/C) and -1577 (G/A).  (b) Correlation between the IL-4 
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levels and the genotypes at positions -1722 (T/C) and -1577 (G/A) in 83 patients with P. 

vivax malaria from the Brazilian Amazon region. 

 

 

Table 3. Distribution of CTLA4 polymorphisms among AMA-1 responding and non-

responding malaria patients. 

 
CTLA4 Polymorphism 

 
Frequency (%) 

 
p-value 

  
AMA-1 Positive 

 
AMA-1 Negative 

 

-1722 T>C   0.58 
   TT 87.7 86.5  
   TC 10.7 13.5  
   CC 1.6 0  

-1577 G>A   0.55 
   GG 42.7 38.0  
   GA 47.8 56.0  
   AA 9.6 6.0  
 

 

No significant association was found between parasitemia and genotypes, with 

p=0.86 for the SNP at position -1722 and p=0.13 for the SNP at position -1577. 

 

4. Discussion 

The immune response against malaria is complex and involves innate and 

adaptive mechanisms that are able to eliminate the infectious agent or cause 

immunopathology (Medina et al., 2011). Immunogenic molecules present on the surface 

of the parasite have been widely studied as potential vaccine candidates, including 

circumsporozoite protein (CSP) (Herrera et al., 2005.), merozoite surface protein (MSP) 
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(Oliveira-Ferreira et al., 2004; Stowers et al., 2001; Valderrama-Aguirre et al., 2005) 

and Pv25 (Hisaeda et al., 2000; Malkin et al., 2005), and the proteins involved in the 

erythrocyte invasion process, such as duffy-binding protein (DBP) (Arévalo-Herrera et 

al., 2005; Ceravólo et al., 2005; Yazdani et al., 2004) and AMA-1 (Saul et al., 2005). 

Additionally, associations between molecules involved in the host’s immune system and 

the susceptibility to acquiring infection by P. vivax in different endemic areas of the 

Brazilian Amazon have been described (Oliveira-Ferreira et al., 2004; Storti-Melo et al., 

2012). However, the costimulatory molecules of the immune response have been little 

investigated. Our results comprise the first Brazilian study evaluating immune response 

mechanisms that correlates CTLA4 gene polymorphisms and different biological aspects 

involved in P. vivax infection in an endemic area of the Brazilian Amazon. 

The low IL-4 levels observed in the present study did not correlate with levels of 

parasitemia. Similar data were found in individuals infected with P. vivax in other 

endemic areas of the state of Pará (Medina et al., 2011). In the states of Acre and 

Amazonas, IL-4 levels were higher in asymptomatic individuals with low parasitemia 

from P. vivax (Gonçalves et al., 2012). Conflicting results were also observed in studies 

in Turkey (Zeyrek et al., 2006) with vivax malaria and in Thailand (Tangteerawatana et 

al., 2009) with P. falciparum malaria. An explanation for the differences in cytokine 

levels may be that these two Plasmodium species have distinct biological 

characteristics. In the study by Gonçalves et al. conducted in 2012, the negative 

correlation between high IL-4 levels and low parasitemia may indicate that this cytokine 

is involved in parasitemia control during the course of the disease. Another possible 

explanation for this result is that the disease in those individuals may have been in its 

early stage, when the parasitemia levels are still low. Moreover, IL-4 levels may vary 
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during different stages of infection (Medina et al., 2011). Thus for a better 

understanding of this mechanism, a longitudinal study would be required to more 

precisely determine the correlation between parasite burden and IL-4 levels at different 

stages of infection. 

A study with cultures of splenic isolates from BALB/c mice reported that cross-

linking CTLA4 with CD28 and the CD3-TCR complex led to inhibition of T cell 

proliferation and IL-2 secretion, as well as suppression of interferon-γ (Th1) and IL-4 

(Th2) cells (Chen et al., 1998). The CTLA4 gene is known to be expressed on the 

surface of activated T cells, but it is also expressed constitutively on the surface of Treg 

cells. Treg cells are important for the maintenance of immune homeostasis as they 

control excessive immune responses, but they may also promote the survival of 

pathogens. Higher frequencies of Treg cells have been associated with increased 

parasitemia in patients infected with P. falciparum (Minigo et al., 2009; Scholzen et al., 

2009). Studies in animal models and in vitro studies have demonstrated that antibodies 

against AMA-1 may reduce parasite replication and protect against lethal infections 

(Remarque et al., 2008). In a study performed with monoclonal antibodies against P. 

knowlesi AMA-1, these antibodies were able to inhibit merozoite invasion in vitro 

(Thomas et al., 1984). Our results do not show association of IL-4 levels and antibodies 

against AMA-1 with CTLA4 gene polymorphisms. Thus, stimulation of cytokine 

production and production of malaria antibodies in humans were not influenced by 

these polymorphisms. However, the role of CTLA-4 in IL-4 regulation is not yet well 

characterized. Studies have demonstrated that other molecules involved in the immune 

response may be involved in this process (Riley et al., 2001). Interestingly, several 

studies have shown that genetic SNPs, especially in the promoter region of the CTLA4 
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gene, are associated with infectious diseases (Idris et al, 2011; 2012), autoimmune 

diseases (Almasi et al., 2006; Taha Khalaf et al., 2011) and cancer (Su et al., 2007). Our 

results show that for the -1722 SNP, the homozygous TT genotype was predominant, 

with a frequency of 86.7%. In Gabon, this genotype has been associated with 

schistosomiasis (Idris et al., 2012), and in Iran, it has been associated with systemic 

sclerosis (Almasi et al., 2006). The prevalence of the heterozygous TC genotype in a 

sample of the Chinese population was associated with systemic lupus erythematosus 

(Taha Khalaf et al., 2011) and in a sample of the Korean population with Behçet’s 

disease (Park et al., 2009). For the -1577 SNP, the heterozygous GA genotype had the 

highest frequency of 49.4%, and there was a predominance of the G allele with 65.7% 

frequency. A case-control study in Malaysia with lymphatic filariasis showed a 

predominance of the GA genotype (Idris et al., 2011). 

Despite showing associations with other diseases, these CTLA4 gene 

polymorphisms in vivax malaria do not seem to be an important factor for immune 

response regulation, as they do not influence the humoral immune response and 

consequently the development of parasitemia. These differences may result from several 

factors, such as genetic variability of the parasite, polymorphisms in other molecules 

involved in the immune response and the ethnic composition of the population of 

Goianésia do Pará because the Brazilian population is genetically diverse and is 

composed of three ethnic groups, Caucasians, Africans and Amerindians, which differ 

between regions (Pena et al., 2011; Sortica et al., 2012). Despite having no effects in the 

population studied, the CTLA4 gene SNPs may be associated with vivax malaria in 

other endemic areas; thus, it is important to study the CTLA4 gene polymorphisms in 

different areas and different ethnic groups.  
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ABSTRACT 

Co-stimulatory molecules are essential in the orchestration of immune response 

and polymorphisms in their genes are associated with various diseases. However, in the 

case of variable allele frequencies among continental populations, this variation can lead 

to biases in genetic studies conducted in admixed populations such as those from Brazil. 

The aim of this study was to evaluate the influence of genomic ancestry on distributions 

of co-stimulatory genes polymorphisms in an admixed Brazilian population. A total of 

273 individuals from the north of Brazil participated in this study. Nine single 

nucleotide polymorphisms in 7 genes (CD28, CTLA4, ICOS, CD86, CD40, CD40L e 

BLYS) were determined by Polymerase Chain Reaction-Restriction Fragment Length 

Polymorphism. We also investigated 48 insertion/deletion ancestry markers to 

characterize individual African, European and Amerindian ancestry proportions in the 

samples. The analysis showed that the main contribution was European (43.9%) but 

also a significant contribution of African (31.6%) and Amerindian (24.5%) ancestry. 

ICOS, CD40L and CD86 polymorphisms were associated with genomic ancestry. 

However there were no significant differences in the proportions of ancestry for the 
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other SNPs and haplotypes studied. Our findings reinforce the need to apply AIMs in 

genetic association studies involving these polymorphisms in the Brazilian population. 

 

Keywords: admixture population; ancestry markers; immunogenetics 

 

1. Introduction 

The development of an immune response depends on a complex network of cells 

and is essential to protect humans against infectious agents and the appearance of 

autoimmune diseases and tumors. T cells have a critical role in the development of the 

immune response however these cells require two independent signals for them to 

become completely activated. The first signal is triggered by the binding of the T cell 

receptor (TCR) to an antigenic peptide presented by a major histocompatibility complex 

molecule (MHC). The second signal is provided by co-stimulatory molecules; the 

binding of the CD28 receptor to CD80 and CD86 molecules is essential for the 

activation of T cells. However, another molecule called CTLA-4 can also bind to CD80 

and CD86 molecules which, instead to providing a positive stimulation, exert a 

regulatory role by reducing the generated response. This process is crucial for 

homeostasis and immune tolerance [1]. 

Another stimulatory receptor expressed on the surface of T cells is called ICOS; 

the gene of this molecule is located close to the CD28 and CTLA4 genes in the 2q33 

chromosomal region. The interactions between B cells and activated T cells, mediated 

by CD40/CD40L signaling, also indirectly acts on T cell activation, but this signaling 

pathway is critical to B lymphocyte activation and so, in the development of the 

humoral immune response. Another molecule, BLyS, expressed on the surface of T 
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cells and also in soluble form, modulates the survival and proliferation of B cells 

through three different receptors: BR3, TACI and BCMA [2]. 

An adequate immune response must maintain a balance between the ability to 

respond to infectious agents and to suppress autoimmunity. Thus, polymorphisms 

associated with the modulation of gene expression of co-stimulatory molecules can 

influence the development of several diseases. In recent years, several studies have 

investigated associations between autoimmune diseases and the 2q33 region, mainly 

focusing on CTLA4 gene polymorphisms [3]. Two single nucleotide polymorphisms 

(SNPs) in this gene, one located in the promoter region (rs5742909) and the other 

located in exon 1 (rs231775) have been associated with various diseases. The latter has 

previously been shown to have a functional effect on the expression of CTLA-4 [4]. The 

diseases associated with these two SNPs in different ethnic groups include type 1 

diabetes [5], Graves' disease [6], rheumatoid arthritis [7], pemphigus foliaceus [8], 

systemic sclerosis [9], and systemic lupus erythematosus [10]. Little is known about the 

functional role of other polymorphisms in the 2q33 region. One SNP, rs3116496, in the 

third intron of the CD28 gene, is located close to a splicing site and so it is suggested 

that this polymorphism may affect the expression of the molecule; it has been associated 

with cervical cancer [11] and rheumatoid arthritis [12]. Teutsch et al. [13] detected 

another polymorphism (rs35593994) a substitution of guanine by adenine in the 

promoter region of the CD28 gene in Australians. These authors suggested possible 

implications of this SNP on gene expression but it has not been investigated in other 

populations with the exception of one study in Brazil [14]. Another SNP which has been 

poorly investigated is the rs4404254 polymorphism in the ICOS gene; allele frequencies 

are only available for Europeans (in particular Scandinavians) [15] and Brazilians [16, 
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17]. The rs1129055 polymorphism in the CD86 gene has been extensively studied in 

Asians. This SNP, located in exon 8, causes a substitution of alanine for threonine and 

has been associated with asthma [18] and osteosarcoma [19]. 

Recently, after recognizing that B cells as well as T cells may be important in 

the development of autoimmune diseases, polymorphisms in genes that participate in 

the co-stimulation of these cells have started to be investigated. Of these, the most 

studied polymorphism, the rs1883832 SNP in the CD40 gene, has been investigated in 

some diseases, including multiple sclerosis [20], non-Hodgkin lymphoma [21], and 

osteoporosis [22]. The rs3092945 polymorphism in the CD40L gene located on X 

chromosome has been studied almost exclusively in African populations due to its 

association with the most severe forms of malaria falciparum [23, 24]. In respect to the 

BLYS gene, the rs9514828 polymorphism has been associated with systemic lupus 

erythematosus [25] and idiopathic thrombocytopenic purpura [26]. 

Although several studies have shown associations between polymorphisms in 

co-stimulatory genes and diseases, studies in other populations have failed to reproduce 

the results. One of the reasons may be due to variable allele frequencies in different 

populations, which result in a lack of statistical power. For example, geographical 

gradients in the distribution of CTLA4 alleles have been well documented [27]. 

Population structure also has been presumed to cause many of the unreplicated disease-

marker associations reported in the literature, particularly in admixed populations. 

Brazil has one of the most diverse populations in the world resulting from five 

centuries of interethnic breeding between Europeans, Africans and Amerindians. It has 

been shown that due to the intense miscegenation of the Brazilian population, indicators 

of physical appearance, such as skin color, are poor indicators of genomic ancestry [28, 



 49 Artigo 2 

29]. Some studies have shown that the distribution of pharmacogenetic polymorphisms 

in the Brazilian population is best characterized using ancestry informative markers 

(AIMs) instead of self-declaration of ethnicity [30, 31]. In fact, nowadays it is 

recognized that ethnicity can be better studied with AIMs, which enable a better 

understanding of the relationship between the various ethnic components and the 

variability of these co-stimulatory genes. Thus, the objective of the present study was to 

describe the allele frequencies of nine SNPs distributed across seven co-stimulatory 

genes (CD28, CTLA4, ICOS, CD86, CD40, CD40L and BLYS) and assess the impact of 

Brazilian population admixture on the distribution of these polymorphisms using AIMs. 

 

2. Materials and methods 

 

2.1 Sample 

The sample of this study was composed of 273 (175 men and 91 women) 

unrelated subjects from the town of Goianésia do Pará (03° 50’ 33” S; 49° 05’ 49” W), 

located in the southeastern region of the State of Pará in the north of Brazil. All the 

participants signed informed consent forms. The project was approved by the Research 

Ethics Committee of the Medicine School in São José do Rio Preto (FAMERP 

45992011). The DNA was extracted from peripheral blood samples using the Easy-

DNATM extraction kit (Invitrogen, California, USA). 

 

2.2 Genotyping 

The following SNPs were genotyped by polymerase chain reaction-restriction 

fragment length polymorphism (PCR-RFLP): rs35593994 and rs3116496 in the CD28 
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gene; rs5742909 and rs231775 in the CTLA4 gene; rs4404254 in the ICOS gene; 

rs1129055 in the CD86 gene; rs3092945 in the CD40L gene; rs1883832 in the CD40 

gene and; rs9514828 in the BLYS gene. All PCR reactions were performed in a final 

volume of 25 µL containing 1x Buffer (20 mM Tris-HCl pH 8.4, 50 mM KCl), 1.5 mM 

MgCl2, 0.2 mM of each dNTP (dATP, dCTP, dGTP, dTTP), 0.4 pmol of each primer 

and 0.5 U of Taq DNA Polymerase Platinum (Invitrogen, São Paulo, Brazil). 

Amplifications were made in a MasterCycler DNA thermal cycler (Eppendorf, 

Hamburg, Germany) under the following conditions: an initial step of 5 minutes at 

94°C, 35 cycles of 30 seconds at 94°C, 30 seconds at an annealing temperature 

depending on the primer and 1 minute at 72°C, and a final step of 10 minutes at 72°C. 

The sequences of the primers as well as the annealing temperatures used in each 

reaction are shown in Table 1. The amplification products were viewed in agarose gel 

after staining with 2% GelRedTM (Biotium, Hayward, USA) and were digested using 

enzymes of the Fermentas company (Vilnius, Lithuania) according to manufacturer's 

instructions. The enzymes used, as well as the size of the fragments resulting from the 

digestion of each polymorphism are shown in Table 1. The digestion products were 

stained with 2.5% GelRedTM (Biotium, Hayward, USA) and viewed in agarose gel with 

the exception of the rs1883832 and rs5742909 polymorphisms, which were viewed in 

12.5% polyacrylamide gel after staining with ethidium bromide. 

 

2.3 Determination of ancestry 

Genotyping to determine ancestry was carried out using 48 INDEL-type markers 

(insertion/deletion) that have been standardized and validated [32]. The markers were 

selected employing two main criteria: significant differences in allele frequencies 
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between Africans, Europeans and/or Amerindians (≥ 40%) and located on different 

chromosomes or in distant physical regions when on the same chromosome. The PCR 

reactions were carried out on three multiplex systems, each one containing 16 pairs of 

fluorescent-labeled primers. Electrophoresis was carried out in an automatic sequencer 

(ABI PRISM 3130 Genetic Analyzer: Applied Biosystems). The sequences of the 

primers as well as the conditions of cycling and of capillary electrophoresis are 

described by Santos et al. [32]. 

 

2.4 Statistical analysis 

The program Structure version 2.3.4 

(http://pritch.bsd.uchicago.edu/software.html) was used to estimate the individual 

interethnic admixture. Allele and genotype frequencies for each variant were obtained 

using the genetics package [33]. Using this package, deviations from Hardy-Weinberg 

equilibrium were evaluated by the Chi-square test and the linkage disequilibrium 

between pairs of loci was analyzed using parameter D’. Haplotype frequencies were 

estimated by the maximum likelihood method which uses the expectation-maximization 

algorithm which is part of the haplo.stats package [34]. Analysis of variance (ANOVA) 

and Student's t test were used to test differences in the proportions of each of the 

ancestries between different genotypes. A binary logistic regression model was built to 

graphically explore the association of polymorphisms with individual estimated 

ancestry using the ggplot2 package [35]. All packages were implemented employing the 

R computer program, version 2.11.1 (http: www.r-project.org). P-values < 0.05 were 

considered statistically significant. 
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3. Results 

 

3.1 Distribution of polymorphisms according to ancestry 

The genotype frequencies of the nine SNPs studied are shown in Table 2. All 

polymorphisms are in Hardy-Weinberg equilibrium. Allele frequencies found in the 

current study, as well as in other geographical populations are presented in Table 3. 

Variance analysis used to test the difference of each ancestry between the 

different genotypes demonstrated that the mean proportions of African ancestry differed 

significantly between the genotypes of the rs4404254 SNP in the ICOS gene (p-value = 

0.003). The Tukey post hoc test indicated that the mean African ancestry was higher for 

the CC genotype than for the TC (p-value = 0.01) and TT genotypes (p-value = 0.002). 

As the CD40L gene is on the X chromosome, analyses of the rs3092945 SNP in this 

gene were performed separately for men and women. The mean proportion of African 

ancestry was higher in men with the C allele than those with the T allele (p-value = 

0.02). Moreover, men with the T allele had a higher average proportion of European 

ancestry compared to men with the C allele (p-value = 0.008). There were no significant 

differences in the proportions of ancestry for the other SNPs studied (Table 2). 

The population was divided into four quartiles according to the proportion of 

ancestry (< 0.25; 0.25-0.50; 0.50-0.75; > 0.75) and the allele frequencies of all the SNPs 

were determined for each quartile. The Chi-square test for trend identified a significant 

decrease in the frequency of the T allele of the rs3092945 SNP in the CD40L gene 

parallel to the increase in African ancestry (p-value = 0.01) and a significant increase in 

the frequency of this allele together with increases in European ancestry (p-value = 

0.007). In relation to the rs4404254 T allele of the ICOS gene, there was a significant 
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decrease in the frequency of this allele as African ancestry increased (p-value < 

0.00001). 

Binary logistic regression, using the generalized linear model and implemented 

in the program R, was employed to graphically explore the association between 

polymorphisms and ancestry. The results, presented in Figure 1, show that the chance of 

having at least one T allele for the rs3092945 of the CD40L gene continuously 

decreases as African ancestry increases (p-value = 0.008). Furthermore, the chance of 

having this allele increases as the European ancestry increases (p-value = 0.01). In 

relation to the rs4404254 SNP in the ICOS gene, the chance of having the T allele 

decreases as African ancestry increases (p-value = 0.001). The chance of an individual 

having the A allele (rs1129055) in the CD86 gene increases as the European ancestry 

increases (p-value = 0.02). 

 

3.2 Linkage disequilibrium and haplotypes 

Linkage disequilibrium were evaluated using the statistical parameter D’, 

between all pairs of SNPs in the CD28, CTLA4 and ICOS genes located in the 

chromosome 2q33 region. There was absolute linkage disequilibrium (D’) only between 

the rs35593994 and rs3116496 SNPs and between the rs35593994 and rs5742909 

SNPs. The value of D’ varied for the other pairs of SNPs (Table 4). 

Eighteen haplotypes of the CD28, CTLA4 and ICOS genes were found in the 

study sample with frequencies ranging from 0.002 to 0.194 (Table 5). The haplo.stats 

computer program whose function haplo.score generates a score for each haplotype 

(hap.score), as well as a p-value for each hap.score was used to assess whether a given 

haplotype is associated with differences in the proportions of ancestry. A 
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positive/negative score for a given haplotype suggest that the haplotype is associated 

with an increase/decrease in ancestry. Only haplotypes with frequencies higher than 

0.01 were included in the analysis. The GTCGT, GTCGC and ATCGC haplotypes had 

significant associations with African ancestry, and the GTCGT haplotype presented a 

significant association with European ancestry. However, when the Bonferroni 

correction was applied (corrected p-value < 0.004), these differences were no longer 

significant. 

 

3.3 Estimate of ancestry 

The genotypes of the sample population from Goianésia do Pará and parental 

populations (Europeans, Africans and Amerindians) were analyzed together, assuming 

K = 3. The analysis showed that the study sample is composed of individuals who 

possess an average of 43.9% European ancestry (ranging from 16.2% to 70.5%), 31.6% 

African (ranging from 11.4% to 66.4%) and 24.5% Amerindian (ranging from 8.3% to 

57.3%). The results are shown in Figure 2. 

 

4. Discussion 

Several studies on the genomic ancestry of the Brazilian population corroborate 

historical data of a tri-hybrid parental composition (Europeans, Africans and 

Amerindians) [28, 32, 39]. Analysis using AIMs demonstrates that the population of 

Goianésia do Pará, a town located in the north of Brazil, presents greater contribution 

from European ancestry (43.9%), and smaller, albeit significant, contributions from 

African and Amerindian ancestries (31.6% and 24.5%, respectively). These values are 

similar to other Brazilian populations, although the proportion of African ancestry in 
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this study was higher than other populations of the northern region of Brazil with 

contributions ranging from 12 to 25% [32, 40, 41]. This variation might be explained by 

the large presence of individuals from the northeastern region of Brazil in the studied 

population, where the contribution of African ancestry is admittedly greater than in 

other regions of Brazil [28]. 

Nine polymorphisms in seven co-stimulatory genes (CD28, CTLA4, ICOS, 

CD86, CD40, CD40L and BLYS) were analyzed in this study; we evaluated the impact 

of the Brazilian population admixture on the distribution of these polymorphisms. We 

report a significant decrease in the frequency of the T allele for rs4404254 SNP in the 

ICOS gene with increasing African ancestry. The frequency of the T allele found in this 

study was lower than in two Northern Europe populations [42, 43]. This difference 

probably reflects the substantial African contribution in the sample of the current study. 

According to available data from 1000Genomes project, the T allele frequency is lower 

in populations of African origin. 

The rs3092945 SNP is also significantly associated with ancestry; the T allele 

frequency has a reverse relationship with African ancestry and its frequency increases 

with the increase in European ancestry. These observations are consistent with data 

from 1000Genomes project, which show a lower prevalence of this allele in African 

populations compared to Europeans, specifically Italians and Iberians, who were the 

largest source of Brazilian immigration.  

Using a logistic regression model, we showed that the chance of an individual 

possessing the A allele for rs1129055 SNP in the CD86 gene is enhanced with the 

increase in European ancestry. This polymorphism has often been assessed in studies of 

associations with autoimmune diseases and cancer in Asian populations [44-46], but 
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information about the frequency of this SNP in other populations are scarce. Our results 

are in accordance with data available from 1000Genomes project, which report a higher 

frequency of the allele in the European population compared to an African population. 

Beltrame et al. [36] evaluated this polymorphism in populations of different ancestries 

and found that the G allele is more common, with the exception of the Japanese 

population, where an inversion of the allele frequencies exists with the A allele being 

the most prevalent. As some Amerindian groups have lower frequencies of the A allele, 

the authors suggest that this change in allele frequencies occurred recently on the Asian 

continent. Although the frequency of the allele is lower in Amerindian populations, we 

found no significant association in respect to this allele with Amerindian ancestry. 

We found no association of ancestry with the other evaluated SNPs. Previous 

studies on the Brazilian population compared allele frequencies of polymorphisms 

between Euro-and Afro-Brazilians (Table 3). Differences were only found with the 

rs3116496 and rs1883832 SNPs [16, 37]; this is not in accordance with our results. 

These differences may be due to the fact that in these studies, the classification of Euro- 

and Afro-Brazilians was performed using morphological features and/or self-declaration 

of ethnicity, indicators that have been demonstrated as poor to describe genomic 

ancestry [28, 29]. However, differences in allele frequencies of these two SNPs, as well 

as the rs9514828 SNP in the gene BLYS are evident when the 1000Genomes data are 

assessed. Hence, it is possible that these populations differ in their allele frequencies 

compared to the parental populations that formed the population of Goianésia do Pará, 

which could thus explain the absence of any association of these polymorphisms with 

ancestry in our study. 
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The tests of associations between ancestry and haplotypes showed no significant 

effect of the stratification of the population on the distribution of haplotypes. This 

corroborates the study of Pincerati et al. [14], who also found no significant differences 

in the frequencies in the haplotype frequencies of the CD28 and CTLA4 genes between 

Euro- and Afro-Brazilians. Although Butty et al. [47] demonstrated differences in the 

distribution of haplotypes of the CD28, CTLA4 and ICOS genes between different 

geographical populations, the intense process of miscegenation of the Brazilian 

population may have eliminated patterns of linkage disequilibrium in parental 

populations and changed the haplotype frequencies. Previous studies on the haplotype 

diversity of other genes have shown differences in haplotype frequencies between the 

Brazilian population and other populations, including Europeans and Africans [48, 49].  

Information on genotype and allele frequencies, as well as estimates of 

haplotype frequencies and their associations with the levels of ancestry are fundamental 

in mixed populations, since the population structure can lead to spurious results in 

genetic association studies. In this study we describe the association of SNPs in co-

stimulatory genes with ancestry in the Brazilian population. Our findings reinforce the 

need to apply AIMs in genetic association studies involving these polymorphisms in the 

Brazilian population. 
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Fig. 1 Fitted logistic regression describing the association between ancestry and 
polymorphisms. (a) ICOS rs4404254. Chance of having a T allele according to African 
ancestry. (b) CD86 rs1129055. Chance of having a A allele according to European 
ancestry. (c) CD40L rs3092945. Chance of having a T allele according to African 
ancestry and (d) according to European ancestry. Gray shadows show 95% confidence 
intervals. Graphics were created using ggplot2 in R. 
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Fig. 2 Schematic representation of the individual admixture estimates. Each point 
represents one individual and the correspondent admixture proportions are indicated by 
the distance to the edges of the triangle. European, African and Amerindian correspond 
to individuals from the parental populations. The figure was made using Structure v. 
2.3.4 software. 
 



  70 Artigo 2 

 
 
Table 1 Location of SNPs, primers, annealing temperatures, restriction enzymes used for genotyping and length of fragments resulting from PCR-RFLP  

 
SNP 

Gene 
(Chromosome 

region) 

 
Location 

Primer 
5’-3’ (forward) 

Primer 
5’-3’ (reverse) 

Annealing 
temperature 

(°C) 

Restriction 
enxyme 

Fragments length 
(pb) 

rs35593994 CD28 (2q33) 204570826 TTCTCATTCTGTTGCCCTGGC CACCATCCCCTTAGGGCACAT 62 HinfI G: 468 + 78 
A: 546 

rs3116496 CD28 (2q33) 204594512 GAAACACCTTTGTCCAAGTC CTCAATGCCTTCTGGGAAATC 52 AciI T: 333 
C: 193 + 140 

rs5742909 CTLA4 (2q33) 204732347 GGGATTTAGGAGGACCCTTG GTGCACACACAGAAGGCACT 48 MseI C: 244 
T: 179 + 65 

rs231775 CTLA4 (2q33) 204732714 CTGAACACCGCTCCCATAAA CACTGCCTTTGACTGCTGAA 50 BbvI A: 215 
G: 159 + 56 

rs4404254 ICOS (2q33) 204819570 TTACCAAGACTTTAGATGCTTTCTT GAATCTTTCTAGCCAAATCATATTC 55 AluI T: 385 + 339 + 99 
C: 339 + 289 + 99 + 
96 

rs1129055 CD86 (3q21) 121838319 CTGTTCCAATGGCAACCTCT GGTTGCCCAGGAACTTACAA 56 CviKI-1 G: 79 + 75 + 58 + 54 
A: 154 + 58 + 54 

rs3092945 CD40L (Xq26) 135729609 ATCTTCACAGCAACCTAC CACTAAACTCAATGAAAGCC 56 LweI T: 251 + 195 
C: 446 

rs1883832 CD40 (20q12-
q13.2) 

44746982 GAAACTCCTGCGCGGTGAAT GAAACTCCTGCGCGGTGAAT 56 StyI C: 133 + 96 + 74 
T: 207 + 96 

rs9514828 BLYS (13q32-
q34) 

108921373 TGGCTCTTGTGTGATCAAGG GCCTGGTCTCAGCTTTTCTG 50 MbiI C: 162 + 48 
T: 210 

Chromosome positions were referred to the sequence of NCBI database (GRCh37) 
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Table 2 Genotypic frequencies and proportion of the African, European and Amerindian ancestry 
according to genotype  
Genotypes Frequency (%) Africana Europeana Amerindiana 

 
rs35593994 n=273    
G/G 46.7 0.309    (0.29-0.33) 0.445    (0.42-0.47) 0.246    (0.23-0.26) 
G/A 45.8 0.320    (0.30-0.34) 0.440    (0.42-0.46) 0.239    (0.22-0.26) 
A/A   7.5 0.333    (0.29-0.37) 0.394    (0.35-0.44) 0.273    (0.24-0.31) 
P  0.54 0.2 0.33 
rs3116496 n=273    
T/T 65.0 0.317    (0.30-0.33) 0.434    (0.42-0.45) 0.248    (0.23-0.26) 
T/C 32.0 0.311    (0.29-0.33) 0.453    (0.43-0.48) 0.235    (0.21-0.26) 
C/C   3.0 0.349    (0.27-0.42) 0.380    (0.28-0.48) 0.271    (0.18-0.37) 
P  0.67 0.2 0.44 
rs5742909 n=271    
C/C 0.84 0.317    (0.30-0.33) 0.439    (0.42-0.45) 0.243    (0.23-0.26) 
C/T 0.16 0.310    (0.27-0.35) 0.435    (0.39-0.48) 0.255    (0.22-0.29) 
P  0.91 0.95 0.93 
rs231775 n=272    
A/A 41.0 0.317    (0.30-0.34) 0.432    (0.41-0.45) 0.251    (0.23-0.27) 
A/G 49.0 0.313    (0.30-0.33) 0.441    (0.42-0.46) 0.246    (0.23-0.26) 
G/G   9.0 0.335    (0.28-0.39) 0.453    (0.40-0.51) 0.212    (0.18-0.23) 
P  0.65 0.68 0.17 
rs4404254 n=269    
T/T 44.4 0.301    (0.28-0.32) 0.447    (0.42-0.47) 0.252    (0.23-0.27) 
T/C 42.3 0.314    (0.29-0.33) 0.445    (0.42-0.47) 0.240    (0.22-0.26) 
C/C 13.3 0.371    (0.33-0.41) 0.394    (0.36-0.43) 0.235    (0.20-0.27) 
P  0.003 0.054 0.53 
rs1129055 n=272    
G/G 61.9 0.322    (0.30-0.34) 0.426    (0.40-0.44) 0.251    (0.24-0.27) 
G/A 34.0 0.301    (0.29-0.33) 0.459    (0.44-0.48) 0.231    (0.21-0.25) 
A/A   4.1 0.278    (0.20-0.35) 0.459    (0.36-0.56) 0.263    (0.20-0.32) 
P  0.34 0.09 0.2 
rs1883832 n=272    
C/C 73.6 0.319    (0.30-0.33) 0.436    (0.42-0.45) 0.245    (0.23-0.26) 
C/T 22.6 0.301    (0.28-0.33) 0.450    (0.42-0.48) 0.241    (0.22-0.27) 
T/T   3.8 0.301    (0.22-0.40) 0.434    (0.38-0.50) 0.258    (0.21-0.31) 
P  0.81 0.72 0.87 
rs9514828 n=271    
C/C 55.3 0.320    (0.30-0.34) 0.432    (0.41-0.45) 0.248    (0.23-0.26) 
C/T 37.9 0.317    (0.30-0.34) 0.447    (0.42-0.47) 0.236    (0.22-0.25) 
T/T   6.8 0.289    (0.23-0.35) 0.450    (0.38-0.52) 0.261    (0.21-0.31) 
P  0.54 0.60 0.47 
rs3092945     
Women n=92    
T/T 78.0 0.300    (0.27-0.33) 0.453    (0.42-0.48) 0.247    (0.23-0.27) 
T/C 18.7 0.326    (0.27-0.38) 0.395    (0.34-0.45) 0.279    (0.24-0.32) 
C/C   3.3 0.408    (0.07-0.74) 0.424    (0.18-0.67) 0.169    (0.08-0.23) 
P  0.22 0.18 0.10 
Men n=180    
T 90.0 0.314    (0.30-0.33) 0.446    (0.43-0.46) 0.240    (0.22-0.26) 
C 10.0 0.373    (0.30-0.44) 0.368    (0.30-0.44) 0.259    (0.20-0.32) 
P  0.02 0.008 0.42 

 
aAncestry expressed as mean (95% CI) 
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Table 3 Minor allele frequencies (MAF) in the samples from 1000Genomes populations and Brazilian populations of current and previous studies 

SNP  BRZ 

(current study) 

AFR AMR ASN EUR Euro-BRZ Afro-BRZ BRZ (mixed) Refer ence 

 

rs35593994 
 

CD28 
 

0,30 
 

0,26 
 

0,35 
 

0,28 
 

0,38 
 

0,37a 
 

0,33a 
 

NA 
 

(14) 
 

rs3116496 
 

CD28 
 

0,19 
 

0,04 
 

0,13 
 

0,09 
 

0,22 
 

0,19a 

0,27b 

 

0,15a 

0,14b 

 

0,15 

0,16 

 

(14, 16, 17) 
 

 

rs5742909 
 

CTLA4 
 

0,08 
 

0,01 
 

0,08 
 

0,11 
 

0,09 
 

0,10a 

0,08b 

 

0,09a 

0,06b 

 

0,11 
 

(14, 16) 
 

 

rs231775 
 

CTLA4 
 

0,34 
 

0,40 
 

0,41 
 

0,64 
 

0,36 
 

0,34a 

0,30b 

 

0,37a 

0,35b 

 

0,27 

0,32 

 

(14, 16, 17) 
 

 

rs4404254 
 

ICOS 
 

0,34 
 

0,43 
 

0,24 
 

0,16 
 

0,24 
 

0,35b 
 

0,35b 
 

0,25 
 

(16, 17) 
 

rs1129055 
 

CD86 
 

0,21 
 

0,15 
 

0,21 
 

0,62 
 

0,29 
 

0,21c 

0,21d 

 

0,20c 

0,27d 

 

0,25 

 

 

(8, 36) 

 

rs3092945 
 

CD40L 
 

0,11 
 

0,31 
 

0,04 
 

0 
 

0,01 
 

0,21e 

 

0,30e 

 

0,13 
 

(37, 38) 
 

rs1883832 
 

CD40 
 

0,15 
 

0,02 
 

0,27 
 

0,41 
 

0,25 
 

0,25e 
 

0,16e 
 

0,20 
 

(37, 38) 
 

rs9514828 
 

BLYS 
 

0,26 
 

0,09 
 

0,28 
 

0,40 
 

0,53 
 

0,39e 

 

0,32e 

 

0,28 

0,30 

 

(37, 38) 

1000Genome populations: AFR = Africans; AMR = Amerindians; ASN = Asian; EUR = Europeans. Brazilian population (BRZ). Euro- and Afro-Brazilians were 

classified by evaluation of phenotypical features and/or self-reported ancestry in the studies of  a(14); b(16); c(8); d(36); e(37). NA = Not available] 

 

 



 73 Artigo 2 

Table 4 Linkage disequilibrium analysis of the chromosome region 2q33 containing the genes CD28, 
CTLA4 e ICOS 

Pairwise estimates of linkage disequilibrium D’ (upper diagonal) and physical distance between SNPs (in 
bp) (lower diagonal) 
 

 

 

 rs35593994 rs3116496 rs5742909 rs231775 rs4404254 

rs35593994  1 1 0,40 0,12 

rs3116496   23686  0,74 0,58 0,11 

rs5742909 161521 137835  0,73 0,47 

rs231775 161888 138202    367  0,22 

rs4404254 248744 225058 87223 86856  
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Table 5 Haplotype frequencies and association with African, European and Amerindian ancestry 

 

aOrder of variants in haplotype is as follows rs35593994, rs3116496, rs5742909, rs231775, rs4404254 
bEstimated frequency of each haplotype in the population 
cThe score for the haplotype, which is the statistical measurement of association of each specific 
haplotype with the trait 
 

  African  European  Amerindian 

Haplotypea Frequencyb hap.scorec p  hap.scorec P  hap.scorec P 

          

GTCGT 0.193 -2.06 0.03  2.18 0.02  -0.29 0.77 

GTCAT 0.153 -1.64 0.09  0.46 0.64  1.37 0.17 

ATCAT 0.136 -1.13 0.25  0.17 0.85  1.09 0.27 

GTCAC 0.102 1.08 0.27  -0.66 0.50  -0.43 0.66 

ATCAC 0.098 1.92 0.05  -1.71 0.08  0.01 0.98 

GCTAT 0.055 -0.98 0.32  0.03 0.97  1.11 0.26 

GTCGC 0.051 2.26 0.02  -1.07 0.28  -1.41 0.15 

GCCAT 0.050 1.15 0.24  -0.55 0.58  -0.69 0.48 

GCCAC 0.044 -0.29 0.77  0.44 0.65  -0.24 0.80 

ATCGT 0.032 0.07 0.93  0.16 0.87  -0.26 0.78 

ATCGC 0.027 2.57 0.01  -1.62 0.10  -0.92 0.35 

GCCGT 0.024 0.50 0.61  0.62 0.53  -1.30 0.19 

GTTAT 0.008 - -  - -  - - 

GCTAC 0.007 - -  - -  - - 

ATTAC 0.006 - -  - -  - - 

ACTGC 0.002 - -  - -  - - 

ATTGC 0.002 - -  - -  - - 

GCCGC 0.002 - -  - -  - - 
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4. Conclusões 

 

 

As seguintes conclusões puderam ser obtidas a partir da população 

estudada: 

 

1- As frequências dos SNPs estudados no gene CTLA4 não sofrem 

influência da ancestralidade genômica; 

2- As frequências alélicas e genotípicas mostram variação dentre os 

SNPs investigados; 

3- Os SNPs avaliados estão em equilíbrio de Hardy-Weinberg; 

4- Os polimorfismos aqui estudados no gene CTLA4 parecem não 

desempenhar um papel crucial na regulação da resposta imune, não 

influenciando na resposta de anticorpos contra a PvAMA-1, no níveis 

de IL-4 e no desenvolvimento da parasitemia na malária vivax; 

5- A proporção de ancestralidade não varia entre os respondedores e 

não respondedores para anticorpos contra Ama-1. 
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Anexo 1 – Termo de aprovação do Comitê de Ética em Pesquisa (CEP) 
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Polymorphism analysis of the CTLA-4 gene in Plasmodium vivax malaria patients 

from Brazilian Amazon region 
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Abstract 
Plasmodium vivax has been the most common cause of the human malaria parasite in 
the Brazilian Amazon region. Cell-mediated immunity requires costimulatory activity to 
initiate or inhibit antigen-specific T-cell responses. CTLA-4 is an inhibitory receptor 
expressed by activated and regulatory T cells. The aim of this study was to analyze the 
two coding SNPs CTLA polymorphism in P. vivax patients and their correlation with 
parasitaemia and plasma IL-4 levels. A total of 188 P. vivax malaria patients were 
enrolled in the study. DNA was extracted from blood samples according to the standard 
procedure. A PCR-RFLP protocol was used to analyze the genotype and allele 
frequencies of these polymorphisms. The density of parasitemia in the infected 
individuals was recorded and expressed as the number of asexual P. vivax per microliter 
of blood assuming a count of 100 microscopy fields and estimated before treatment. 
The serum levels of IL-4 were detected by Milliplex Map kit using Magpix/Luminex®. 
Analyses were performed using R version 2.8.1 statistical software. For the 
polymorphism at position -1577 G/A, the G/A genotype had the highest frequency ( 
49.4%), followed by the G/G genotype (41%) and the A/A genotype (9.6%).For the 
polymorphism at position -1722 T/C, the T/T genotype had the highest frequency 
(86.7%), followed by the T/C genotype (12.3%) with the least frequent being the C/C 
genotype (1%). The IL-4 plasma level ranged from 0,61 to 9,32 pg/mL. There were no 
statistically significant differences either in parasitaemia and plasma IL4 levels among 
individuals with different genotypes. This study showed that there was no association 
between the CTLA-4 SNPs with the development of malaria vivax, serum citokyne and 
peripheral P. vivax parasitaemia in Brazilian Amazon region. The CTLA-4 SNPs may 
be associated with malaria vivax in other endemic areas, but it appears to have no such 
effect in this studied population. The study also highlights the importance of conducting 
genetic association studies in different ethnic populations. 
Finantial support: CNPq, Evandro Chagas Institut, FAPESPA and FAMERP 
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IL4 gene polymorphisms are not associated with Plasmodium vivax malaria in 

Brazil. 
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Abstract 
Introduction:   Interleukin 4 (IL-4) is an anti-inflammatory cytokine, which regulates 
balance between Th1 and Th2 immune response, immunoglobulin class switching and 
humoral immunity. The present study investigates the influence of polymorphisms in 
IL-4 gene related to the immune system in patients with malaria caused by Plasmodium 
vivax in Brazilian endemic area. Material and Methods:  A total of 83 individuals 
infected by P. vivax were genotyped by PCR/RFLP for two (-590 C/T, -33 C/T) single 
nucleotide polymorphisms (SNPs) and the intron 3 VNTR polymorphism PCR method 
in  IL4 gene. The density of parasitemia in the infected individuals was recorded and 
expressed as the number of asexual P. vivax per microliter of blood assuming a count of 
100 fields per slide. The serum levels of IL-4 were detected by Milliplex Map kit 
(Human Cytokine/Chemokine Magnetic Bead Panel–HCYTOMAG-60K) using 
Magpix/Luminex®. Analyses were performed using R version 2.8.1 statistical software 
(The R Foundation for Statistical Computing, Vienna, Austria, available at 
http://www.r-project.org). Results:  For the polymorphism at position - 590 in the IL4 
gene, the C/T genotype had the highest frequency (55.4%). For the polymorphism at 
position -33, the C/T genotype had the highest frequency (51.8%) For the 
polymorphism at VNTR the B1B2 genotype had the highest frequency (50.6%). The 
genotype frequencies were according to the Hardy-Weinberg equilibrium. The IL-4 
plasma level ranged from 0,61 to 9,32 pg/mL. The parasitemia on the thick blood films 
ranged from 5 to 15.000 parasites/mm3. There were no statistically significant 
differences either in parasitaemia, plasma IL4 level among individuals with different 
genotypes and haplotypes. Conclusion: Our findings suggest that IL4 gene 
polymorphisms were not associated with serum citokyne and peripheral P. 
vivax parasitaemia in Brazilian Amazon region. The present findings reinforce and 
increase our understanding about the role of the immune system in on the clinical 
course of the severe malaria vivax. 
Finantial support: CNPq and Evandro Chagas Institut and FAMERP. 
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Study on association between genetic polymorphims of tumour necrosis factor-α, 
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Introduction: Malaria is a major cause of morbidity and mortality in many tropical and 
subtropical countries. In Brazil, the Plasmodium vivax has been the most prevalent 
species, accounting for approximately 83% of malaria cases in the Brazilian Amazon 
region. Despite of the clinical descriptions of the disease caused by P. vivax is well 
described, standards regarding humoral and cellular immune response, as well as the 
pattern of cytokines are scarce and not fully understood. Polymorphisms in genes 
CD28, IFNγ, TNFα and IL10, that are encoder molecules that interact in modulating 
pathways of the cellular and humoral immune response, may influence the resistance or 
susceptibility to malaria. Material and Methods: We had analyzed 90 blood samples 
from patients with vivax malaria diagnosed by molecular and non-molecular techniques 
and 51 from non-malarial and all from Goianésia of Pará city, Pará State, Brazil. 
Polymorphisms in genes IL10 (-819 C>T, -592 C>A), IFNγ (-183 G>T), TNFα (-
238G>A), and CD28 (-372G>A, +17T>C) were analyzed by PCR-RFLP. All subjects 
were genotyped with 48 ancestry informative insertion-deletion polymorphisms to 
determine the proportion of African, European and Amerindian ancestry to avoid bias 
due to differences in ancestry contributions in malaria and non-malaria groups. We used 
the Fisher exact test to measure association between genotypes and malaria infection. 
Results: All polymorphisms tested were in Hardy-Weinberg equilibrium. The African, 
European and Native American admixture did not differ among cases and controls. No 
significant association was found between the polymorphisms tested and vivax malaria 
and non-malarial individuals. P-values in co-dominant, dominant and recessive models 
were also calculated and no significant association was found. Conclusion: These 
findings make us to believe that the analyzed polymorphisms are not associated with 
susceptibility or resistance with vivax malaria in the studied population. 
 

Financial support: CNPq and Evandro Chagas Institut and FAMERP 
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POLIMORFISMO NO GENE IL10 INFLUENCIAM NA CARGA PARA SITÁRIA EM 
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Instituição: 
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Resumo 
 
No Brasil o Plasmodium vivax tem sido a espécie mais prevalente, responsável por 
aproximadamente 83% dos casos de malária na região Amazônica brasileira. Os 
polimorfismos nos genes de citocinas pró e anti-inflamatórias, codificadores de 
moléculas que interagem em vias moduladoras da resposta imune celular e humoral, 
podem influenciar na resistência ou susceptibilidade a malária, assim como nas 
concentrações dessas moléculas e resultado da infecção.  
A densidade parasitária tem sido reconhecida como importante fator no resultado da 
infecção pela malária, e dessa forma foi investigado se polimorfismos nesses genes 
estão associados com a parasitemia na malária vivax. Investigamos se polimorfismos 
em genes de citocinas estão associados com a parasitemia na malária vivax em 
pacientes provenientes do município de Goianésia do Pará no sudoeste Paraense. Foram 
investigados 83 pacientes com malária vivax e 50 indivíduos não-maláricos. Quatro 
SNPs foram analisados por PCR-RFLP nos genes IFNgama, TNF-alfa e IL-10. A 
parasitemia foi determinada por contagem do número de parasitos por microlitro de 
sangue. Associação entre os genótipos e densidade parasitária foi determinada pelo teste 
de Mann-Whitney, com nível de significância de 0,05, utilizando o software estatístico 
R. Todos os SNPs foram testados em equilíbrio de Hardy-Weinberg. Foi observada 
associação significativa (p=0,13) apenas entre genótipo AA do SNP rs_1800872 no 
gene IL10, na posição -592 e densidade parasitária média de 6.000 mm3. A IL-10 é uma 
citocina imunorregulatória do tipo 2, produzida no inicio da infecção por monócitos e 
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mais intensamente por linfócitos. Esta proteína modula os efeitos das citocinas pro 
inflamatórias (IL-1, IL-6, IL-8, IL-12, IFN-γ e TNF-α) produzidas por células do tipo 
TH1 e por linfócitos TCD8 com regulação negativa. Os resultados obtidos sugerem a 
participação efetiva de genes humanos na modulação da resposta imune e sua influência 
sobre a carga parasitária da malária por Plasmodium vivax, essenciais no 
estabelecimento de estratégias de imunização e controle da doença, em área de 
transmissão ativa localizada no Estado do Pará. 
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Instituição: 
FACULDADE DE MEDICINA DE SÃO JOSÉ DO RIO PRETO  
 

Resumo 

Na malária vivax o balanço entre as citocinas pró e antiinflamatórias é necessário para o 
controle das alterações imunopatológicas. A proteína expressa pelo gene IL4 ativa as 
células B, com diminuição da resposta tipo Th1, além de estimular o crescimento e 
diferenciação de eosinófilos. O SNP na região promotora dessa citocina, pode afetar os 
níveis de transcrição do mesmo, e a variante alélica T está associada a maiores níveis de 
IgE em pacientes com malária grave. Nós investigamos as frequências alélicas e 
genotípicas nas posições (-590 C>T) e um VNTR no íntron 3 desse   gene, em 85 
indivíduos com malária vivax  residentes no município de Goianésia do Pará. A 
extração de DNA foi utilizada empregando-se o kit de extração/purificação Easy-
DNATM (Invitrogen, Califórnia – USA) e a identificação do SNP -590 C>T no gene da 
IL4 foi efetuada por meio do método de PCR-RFLP e o VNTR por PCR. A parasitemia 
foi determinada por contagem do número de parasitas em 100 campos separados sob 
microscópio de imersão em óleo e convertido no número de parasitas por microlitro de 
sangue assumindo 8.000 leucócitos / microlitro. A Associação entre os genótipos e 
densidade parasitária foi determinada pelo teste de Mann-Whitney, com nível de 
significância de 0,05, utilizando o software estatístico R. Os dados revelam uma 
frequência maior para o genótipo CT (54,3%) para o gene da IL4 (– 590C>T) seguido 
do genótipo CC (28,6%) e uma frequência menor para o genótipo TT (17,1%). Para o 
VNTR o genótipo mais frequente foi B1/B2 (50%) seguido do genótipo B2/B2 (41,7%), 
enquanto que para o genótipo B1/B1 foi observado uma baixa frequência (8,3%). 
Nossos resultados mostraram que para o SNP -590 C>T e a repetição em TANDEM 
VNTR não houve diferença estatística significante. Entretanto os indivíduos com 
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genótipo TT (-590) apresentaram maior parasitemia (p=0,06). Os polimorfismos no 
gene IL4, que codificam molécula que interagem em vias moduladoras da resposta 
imune humoral, podem contribuir para níveis alterados da citocina, nos níveis de 
anticorpos e consequentemente na carga parasitária e, portanto, influenciar na 
susceptibilidade a malária. Dessa forma, os resultados obtidos poderão contribuir na 
identificação e participação efetiva de genes humanos na modulação da resposta imune, 
essenciais no estabelecimento de estratégias de imunização contra a doença, em área de 
transmissão ativa localizada no Estado do Pará, com o objetivo de produzir informações 
e possíveis soluções para o controle desta endemia.  

Fonte Financiadora: FAMERP e CNPq 
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Introdução:  Inúmeras evidências indicam que a imunidade é importante no resultado 
da infecção por Plasmodium e um dos principais objetivos dos imunologistas é entender 
os motivos pelos quais as pessoas diferem em suas respostas imunes contra o parasito. 
Assim, é importante elucidar o componente genético envolvido na resposta imune 
naturalmente adquirida contra a malária. O objetivo do presente trabalho foi avaliar a 
influência de polimorfismos em genes co-estimulatórios na prevalência e magnitude de 
anticorpos contra a MSP-119 do Plasmodium vivax, em indivíduos naturalmente 
infectados em uma área endêmica da Amazônia brasileira. Material e Métodos: A 
amostra foi constituída por 189 indivíduos infectados por P. vivax provenientes do 
município de Goianésia do Pará, localizado no sudeste do estado do Pará, Brasil. Nove 
SNPs foram analisados por PCR-RFLP em 7 genes co-estimulatórios (BAFF, CD28, 
CTLA4, CD40, CD40L, CD86 e ICOS). As amostras de plasma foram avaliadas em 
duplicata por teste de ELISA para presença de anticorpos contra a MSP-119 do P. vivax 
e os resultados foram expressos pelo índice de reatividade (média das densidades 
ópticas da amostra/ ponto de corte). As análises estatísticas foram realizadas utilizando 
o software R. Diferenças nas médias foram avaliadas por análise de variância 
(ANOVA) e Qui Quadrado. Valores de p menores do que 0,05 foram considerados 
significativos. Resultados: Todos os SNPs avaliados estão em equilíbrio de Hardy-
Weinberg. A frequência de respondedores contra a MSP-119 do P. vivax foi de 82,5%. 
Apesar de não ter sido detectada associação estatisticamente significativa, os indivíduos 
com o genótipo TT para o SNP rs1883832 no gene CD40 apresentaram maiores índices 
de reatividade de anticorpos (p = 0,06). Os indivíduos apresentando no mínimo um alelo 
A no SNP rs1129055 no gene CD86 também apresentaram maiores índices de 
reatividade de anticorpos contra a MSP-119 (p = 0,08). Não houve associação 
significativa entre os genótipos estudados e a frequência de respondedores. Discussão: 
Apesar dos polimorfismos estudados já terem sido implicados como importantes na 
resistência ou susceptibilidade a diversas doenças auto-imunes, nosso estudo não 
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evidenciou uma importante função dos mesmos na aquisição ou níveis de anticorpos 
contra a MSP-119 do P. vivax. No entanto, devido a óbvia importância dos sinais co-
estimulatórios na malária, maiores estudos deverão ser realizados para avaliar se estes 
polimorfismos influenciam a produção de anticorpos contra outros antígenos do 
parasito. Conclusão: Os nove SNPs investigados (rs9514828, rs35593994, rs3116496, 
rs1883832, rs3092945, rs1129055, rs5742909, rs231775 e rs4675378) não 
influenciaram a resposta de anticorpos contra a MSP-119 do P. vivax em uma população 
da Amazônia brasileira. 
      
Apoio financeiro: Conselho Nacional para o Desenvolvimento Científico e 
Tecnológico (CNPq). 
 
 
 


