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RESUMO

Introducdo: A maldria € uma das maiores causas de morbidade e mortalidade em paises
tropicais e subtropicais. Objetivos: Avaliar a influéncia da ancestralidade genética na
distribuicao de polimorfismos em genes envolvidos na resposta imune e os niveis de anticorpos
contra proteinas expressas no estagio de merozoito do Plasmodium vivax. Material e
Métodos: Foram avaliados 90 individuos com malaria vivax e 51 ndo infectados de Goianésia
do Para, regido Norte do Brasil. Nove polimorfismos de nucleotideo unico (SNPs) distribuidos
nos genes: TNFA, INFG e IL10 foram genotipados por PCR-ASO ou PCR-RFLP. A
ancestralidade gendmica para os trés grupos étnicos (africana, europeia e amerindia) foi
categorizada com a utilizagdo de 48 INDELs. As respostas de anticorpos especificos contra as
proteinas C-terminal (MSP-1,9) da MSP-1, da DBP e da AMA-1 do P. vivax foram determinadas
por ELISA. Resultados: Nado houveram diferengas nas propor¢des de ancestralidade na
maioria dos SNPs investigados, apenas para o alelo TNF-308A e a ancestralidade europeia.
Nenhuma associac¢éo significativa foi observada entre as frequéncias alélicas e genotipicas dos
SNPs entre os grupos investigados. Nao foi encontrada diferenga significativa nos niveis de
anticorpos 1gG em relacdo aos polimorfismos estudados. Conclusfes: Esses resultados
ressaltam que os polimorfismos nos genes TNFA, INFG e IL10 n&o influenciam na resposta
imune anti-merozoitos do P. vivax. Discutimos o perfil imunogenético envolvido na resposta

imune humoral na malaria vivax em regido endémica da Amazonia brasileira.

Palavras-Chave: Anticorpos. IFNG. IL10. Plasmodium vivax. TNFA
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ABSTRACT

Introduction: Malaria is one of the mayor cause of morbidity and mortality in tropical and
subtropical countries. Objectives: To evaluate the influence of genetic ancestry in the
distribution of polymorphisms in genes involved in the immune response and antibody levels
against proteins expressed in the merozoite stage of Plasmodium vivax. Material and
Methods: To evaluated 90 patients with vivax malaria and 51 non-infected patients from
Goianésia do Para, northern Brazil. Nine single nucleotide polymorphisms (SNPs) in the genes:
TNFA, IL-10 INFG were genotyped by PCR-ASO or RFLP-PCR. The genetic ancestry for three
ethnic groups (African, European and American Indian) were categorized using 48 INDELs. The
responses of specific antibodies against the C-terminal proteins (MSP-119) MSP-1, BPD and
AMA-1 of P. vivax were determined by ELISA. Results: There were no differences in ancestry
proportions in most SNPs investigated only for TNF-308A allele and European ancestry. No
significant association was observed between the allele and genotype frequencies of the SNPs
between the groups investigated. There was no significant difference in the levels of IgG
antibodies to the studied polymorphisms. Conclusions: These results indicated that the
polymorphisms in the TNFA, INFG e IL10 genes can not influence the anti-merozoites immune
response of P. vivax. We discussed the immunogenetic profile involved in the humoral immune

response in malaria vivax in an endemic area of the Brazilian Amazon.

Keywords: Antibodies. IFNG. IL10. Plasmodium vivax.TNFA.
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1. INTRODUCAO

1.1 Consideracdes gerais: epidemiologia, transmissdo e agentes

etioldgicos.

Apesar dos progressos nas estratégias de controle da malaria, a doenga
ainda é uma das maiores causas de morbidade e mortalidade em muitos

paises tropicais e subtropicais. %%

Cento e quatro paises sao endémicos
com 207 milhdes de casos clinicos por ano e aproximadamente 627.000 mil
mortes.”® Nas Américas, trés paises concentram 76% dos casos de malaria,
sendo o Brasil responsavel por 52% dos casos. @

Os perfis de transmissdo da doengca no Brasil sdo diferentes e
observados em trés ambientes distintos. Na Amazbénia e na Mata Atlantica,
ambos com uma predominancia de casos autdctones, e em outras regides,
com casos importados de recentes viagens a areas endémicas de malaria no
pais, ou em outros da América Central e do Sul, paises africanos ou asiaticos
(56)

A malaria € uma doenca protozoaria na qual a infeccdo ocorre pela
inoculagao de esporozoitos de Plasmodium por meio da picada de fémeas do
mosquito do género Anopheles. 4% O ciclo da doenga é heteroxénico, com
fase sexuada no vetor e assexuada no homem. No vertebrado, ocorre
esquizogonia hepatica e eritrocitaria. "% Cinco espécies de Plasmodium s&o
responsaveis pela etiologia humana da malaria: Plasmodium falciparum,

Plasmodium vivax, Plasmodium malariae, Plasmodium ovale e, recentemente,



o Plasmodium knowlesi foi detectado na Malasia.*'® O P. falciparum esta
associado aos maiores indices de morbimortalidade, enquanto que o P. vivax é
amplamente disseminado pelo mundo.®''? No Brasil, o P. vivax tem sido

responsavel por aproximadamente 85% dos casos. ®¥

1.2 Resposta imune no paciente com malaria

1.2.1 Participagdo de citocinas e do receptor CD28 na resposta imune a

malaria.

Mecanismos inatos, humorais e celulares sao envolvidos na resposta
imune da malaria, com a participacdo de células, citocinas, receptores e
anticorpos, que podem eliminar o agente etiolégico ou acarretar em
complicacdes imunopatoldgicas.”'>™)  Os linfocitos TCD4* (auxiliares)
participam das respostas imunes celulares e humorais por meio da ativacao por
citocinas pro e anti-inflamatorias. Essas células sdo fundamentais para
ativagdo de linfocitos B (LB) por citocinas anti-inflamatorias que resultam na

diferenciagdo em plasmdcitos e secrecéo de anticorpos. (%4

Os receptores de antigenos dos linfocitos T (LT-TCR), e os co-
receptores CD4 ou CD8 ligam-se ao complexo maior de histocompatibilidade
(MHC) de células apresentadoras de antigenos (APCs), para ativagdo dos
linfécitos T (LT) na resposta imune celular.!">"®'") No entanto, essa ligagdo nao
determina a expansao clonal dos LT, que requer um segundo sinal co-
estimulatério que é emitido pela mesma APC, por meio de glicoproteinas de

membrana denominadas de B7.1 ou CD80 e B7.2 ou CD86.'"® O receptor



dessas moléculas nas células T € o CD28, expresso constitutivamente na

(15

superficie dessas células.™® A ligagdo do CD28 com seus ligantes (CD80 ou

CD86) potencializa a transcrigdo e produgao da interleucina-2 (IL-2), que

1510 o Jiberacdo de

resulta em proliferagdo e expansao clonal das células T
outras citocinas. O significado da coestimulagao via CD28 no desenvolvimento
da imunidade depende do agente etioldégico, como reportado em infecgdes por
Salmonella enterica ("® e Trypanosoma cruzi "), mas com pouca, ou nenhuma

fungcdo na imunidade contra Toxoplasma gondii ??.

Em relacdo a malaria, Taylor-Robinson e Smith (1994) @V reportaram
que o tratamento de camundongos infectados pelo Plasmodium chabaudi com
anticorpos monoclonais anti-CD86 impediu o clareamento da parasitemia,
sugerindo uma possivel funcdo da via CD86/CD28 no controle da malaria

@) gyaliaram a

cronica. Por outro lado, Kemp e colaboradores (2002)
expressdo de IFN-y e IL-4 por LTCD28" e LTCD28 em criancas africanas com
malaria falciparum, e verificaram que os niveis de IFN-y produzidos pelas
LTCD28 foram menores. Elias e colaboradores (16), no ano de 2005, avaliando

o papel do CD28 em modelo murino, encontraram que apds uma semana de

infeccao a expressao de IFN-y foi 50% menor nos LTCD28".

Assim como as células e receptores possuem um papel fundamental na
resposta imune ao Plasmodium, o balango entre as citocinas pré (Th1 -
celulares) e antiinflamatoérias (Th2 - humorais) € crucial para o prognéstico na
malaria. ("'13 142325 A superproducao e persisténcia desses mediadores podem

levar a imunopatologia, com gravidade e 6bito '*'424262") ‘mas por outro lado,



pequenos niveis ndo sao suficientes para inibir o crescimento do parasito.
(9,14,26)

O fator de necrose tumoral alfa (TNF-a) € uma citocina pré-inflamatéria
que participa no recrutamento e ativagdo de mondcitos, macrofagos e

neutréfilos para o sitio da infecgao,®®?%

, ha modulacéo positiva para resposta
imune humoral de IgG total ®”, como fator de crescimento autdcrino para os
LB. ®” Na patogénese da febre atua em conjunto com a interleucina-1 (IL-1)
para ativacdo de células hipotalamicas, além de participar da negativagao

0.%632) Niveis elevados TNF-a estdo

parasitaria tanto in vivo com in vitr
relacionados ao paroxismo malarico®® , malaria grave®" e malaria cerebral® .

Respostas acentudas do interferon gama (IFN-y) sdo reportadas no
controle de infec¢gbes agudas por Plasmodium berghei, Plasmodium yoelii, e
P.chabaudi em modelos murinos e para o P.falciparum na maldria humana. °
Essa citocina pro-inflamatéria € produzida por LTCD4, LTCDS, linfocitos T yo e
natural kille ®* e contribui para o controle da infecgdo na fases hepatica e
eritrocitica > com ativagdo de macréfagos e outras APCs. Corrobora na
modulagdo negativa para a resposta imunolégica do tipo anti-inflamatéria (Th2),
contribui para o processo de homeostase e pode aumentar a producédo de
19G2.%®  Por outro lado, o balanco de citocinas é obtido pela modulacéo
negativa das anti-inflamatdrias IL-10 e TGF-beta na resposta do tipo pré-
inflamatdria (IL-1, IL-6, IL-8, IL-12, IFN-y e TNF-a) do tipo Th1. (2>26:34.36-38)

O excesso de resposta TH1, na incapacidade de producao de IL-10 e

TGF-beta, pode acarretar em inflamagdo excessiva e dano tecidual na

malaria." A IL-10 também sinergiza a produgdo dos anticorpos IgG, IgA e



31,38)

IgM, induzidas por IL-4. Na malaria altos niveis de IL-10 estédo

relacionados ao clareamento da parasitemia. ' 3"
1.2. 2 Polimorfismos no genes CD28, TNFA, IFNG E IL10

A susceptibilidade e resisténcia para malaria podem estar relacionadas a
selecado natural, fatores genéticos do hospedeiro e do agente, idade, etnia, e
esses por sua vez, envolvidos na resposta imunoldgica, sintomas e niveis de

39-41)

parasitemia.( Corroboram também as situagdes epidemioldgicas,

ambientais, geograficas e de tempo de moradia em regides endémicas.®*4"
Polimorfismos em genes de citocinas tem sido (32" associado com niveis
circulantes dessas proteinas e de anticorpos ©°*?) na malaria para evolugdo
clinica e prognc')stico.(27) Dessa maneira polimorfismos de nucleotideo unico
(SNPs) podem influenciar no desenvolvimento de vacinas e de novas
alternativas terapéuticas para malaria.*%4%

Um SNP na posi¢cdo +17T/C (rs3116496), situado no intron 3 do
receptor CD28 localiza-se proximo a um sitio de recomposi¢cao que pode
interferir na eficiéncia desse receptor. Associagbes significativas foram
descritas entre esse SNP com diabetes de tipo 1 *) e artrite reumatoide. “* Na
malaria o papel deste polimorfismo foi descrito por Cassiano e colaboradores
“8) quanto a presenca do alelo T com niveis mais baixos de IgG1 especifica
para a proteina ICB2-5. Na posigéo -372G/A (rs35593994) no gene CD28 as
duas variantes alélicas foram caracterizadas na populagao australiana, porém
sem associagao com a esclerose multipla. “7) Esta variagcao alélica também foi
descrita em amostragem da populagao brasileira, mas sem associagao com

pénfigo foliaceo.“®



O gene IL10 é localizado no cromossomo 1g3-q32 e apresenta pelo

menos 27 sitios polimdrficos. ¢"3" 49 Na regido promotora do gene, SNPs tem

sido associados & producdo de citocinas " e niveis de anticorpos®#2%% ng

malaria. Os haplétipos IL10 -1082/-819/-592 GCC, ACC e ATA sao associados

respectivamente a alta, intermediaria e baixa atividade de transcricdo da

citocina. ?7:3751

O IFN-y é codificado pelo gene situado no cromossomo 12g24.1, que

consiste de 4 exons e 3 introns. ©®?** Polimorfismos no gene do IFNG tem sido

56)

associados com tuberculose ©'® dermatite®® , mas ndo com artresia biliar.

®3) Na posicdo -183G/T (rs2069709), o alelo T foi associado ao aumento da
atividade de transcricdo ©®%°® maldaria cerebral na Africa Ocidental ®?, Hepatite
B na China. ®” O SNP +874 A/T (rs2430561) esta localizado no intron 1 do

gene do IFNG e influencia a expressdo do RNAm e secreg¢ao da proteina. S2Ne)

alelo T é associado com elevada producéo de citocina. (1*°°

O gene do TNFA é situado no cromossomo 6p21.3, em uma regiao
altamente polimorfica ©'°® entre os genes do HLA de classe | e classe II. *® O

SNP na posigdo +308G/A (rs1800629) tem sido amplamente estudado na

(59-62)

malaria. Apesar de maior distribuicdo do alelo ancestral, com

aproximadamente 87% © %) o alelo A é descrito para aumento nos niveis da

5 (26.65)

proteina, porém sem efeito aparente na susceptibilidade ao P. viva ou

com resisténcia ao P. falciparum . ®? Os alelos T [-1031T/C (rs1799964)] e G
(-308G/A) foram associados com episodios de malaria ndo complicada ?® em
Burkina Faso. Para os SNPs -238G/A (rs361525) e para o -308G/A o alelo A foi

associado com redugdo da parasitemia na malaria. %%



1.2.3 Polimorfismos em genes de citocinas e ancestralidade

No Brasil, a heterogenicidade tri-hibrida da populacéo € originaria da
migracdo de nativo americanos (asiaticos) para o continente por meio do

(67)

Estreito de Bering ™"/, seguida da colonizacdo Europeia no Nordeste brasileiro

(68,9 A miscigenagéo

a partir de 1530, e fluxo migratorio de escravos africanos.
populacional pode ser uma causa para resultados nao totalmente esclarecidos
ou contraditérios na distribuicdo de alelos e gendtipos envolvidos na
transcrigao, expressdo do gene e producio de citocinas. "

A susceptibilidade a malaria ou fenoétipos tem sido avaliada por estudos
de associacgo, do tipo caso e controle “'*372 com etnia auto declarada ou
indicadores de aparéncia fisica, nos quais existe o risco de se encontrar
associacoes espurias. Esse fato decorre da estratificacdo populacional, ou em
populagdes miscigenadas com diferentes fracdes de ancestralidade.®""
Dessa maneira, a analise de ancestralidade por meio de marcadores
informativos de ancestralidade (MIAs) do tipo inser¢cdo e delegdo (INDEL),
pode contribuir para eliminar a possibilidade das associagdes espurias.
Entretanto, poucos estudos demonstram as diferencas étnicas na distribuigcao
de SNPs baseado em uso de MIAs (' ™73 e para a ancestralidade genética

nativo americana esses dados s&o ainda mais escassos. '+

1.2.4 Polimorfismos em genes de citocinas e producao de anticorpos na

malaria



Epitopos imunogénicos da superficie do parasito, tanto de proteinas do
esporozoito e merozoito tém sido amplamente estudados como potenciais
alvos para formulagédo de vacinas. Em geral o principal marcador de protecéo
sao anticorpos anti-merozoitos () descritos em estudos conduzidos na
Amazonia brasileira. 777879 Ag proteinas do merozoito mais estudadas s&o
as que participam do processo de invasao dos eritrocitos, como a MSP1 49, do
inglés Merozoite Surface Protein-1 #°#" a DBP, do inglés Duffy Binding Protein
(8283) ¢ AMA-1, do inglés Apical Membrane Antigen-1. (/3848
A imunidade humoral para o P. vivax é descrita para ser mais rapida do

2380 entretanto varios anos de exposigédo continua em

que para o P. falciparum(
areas endémicas € necessaria para a situagao de premunicédo e redugao do
risco de malaria clinica, com baixas parasitemias e altos niveis de anticorpos
anti-merozoitos. (2339

A resposta imune humoral na malaria vivax € amplamente descrita para
estar associada hemoglobinopatias, trago falciforme (HbS), deficiéncia de
G6PD, “* variabilidade genética do HLA, "® antigeno Duffy“'®") variantes da
proteina CSP de P.vivax ?*?*%® e mais recente por polimorfismos em genes de
citocinas e de moléculas co-estimulatérias da resposta imune. (13:27:43:46.72.79.85)

Polimorfismos em genes de citocinas tem sido *#" associados com
niveis e classes de anticorpos ©°*? na malaria. Em estudos (Tanzania) com
P.falciparum, para os SNPs no gene da IL-10 (-592) e (-1082), o alelo A foi

associado a baixos niveis de IgE e 1gG4, ©® o gendtipo AA de IL-10-1082 com

altos niveis de anticorpos para AMA-1 e MSP2-3DT em méaes e recém-



nascidos.®® O alelo A do TNFA nas posicdes -308 ©? e -238 ) com altos
niveis de anticorpos IgG anti P. falciparum. No Brasil, ndo foram descritas
associagao de SNPs (-590C/T, IL4 -33C/T e o VNTR) no gene da IL4 com a
parasitemia ou com niveis de anticorpos contra a PvAMA-1 ®® em individuos
malaricos do municipio de Goianésia do Para, e também entre anticorpos
contra esporozoitos e merozoitos de P. vivax com SNPs no genes CD40 e
BLyS numa populagdo de Macapa no Estado do Amapa. ? Por outro lado,
individuos infectados naturalmente por P. vivax em Goianésia do Para, os
SNPs nos genes do BLYS (-871C/T) foram associados com a frequéncia de
respostas IgG para PvAMA-1 e PvMSP-119, no gene do CD40 (-1C/T) para

IgG contra PvDBP e no gene do CD86 (+ 1057G/A) para IgG contra PvMSP-

149, 79

2. OBJETIVOS

2.1 Objetivo Geral

Avaliar a influéncia de polimorfismos nos genes CD28, INFG, TNFA e IL-

10 na resposta imune humoral na malaria vivax.

2.2 Objetivos Especificos



a)

d)

10

Determinar as frequéncias alélicas e genotipicas de variantes nos genes
INFG TNFA e IL-10 em individuos com malaria vivax e individuos nao
infectados.

Avaliar a frequéncia de polimorfismos nos genes TNFA, IFNG e IL10 em
uma amostra da populagao brasileira, relacionando suas distribuicdes as
fracbes de ancestralidade genética determinada com o auxilio de
Marcadores Informativos de Ancestralidade.

Estabelecer possiveis associagdes entre os polimorfismos e protecdo na
malaria vivax.

Identificar possiveis associagbes entre os polimorfismos de genes de
citocinas e hapldtipos com niveis de anticorpos para PvDBP, Pv-AMA-1

e Pv-MSP-1 -19.
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BACKGROUND

Polymorphisms in cytokine genes can alter the production of these proteins and
consequently affect the immune response. The tri-hybrid heterogeneity of the Brazilian
population is characterized as a condition for the use of ancestry informative markers. The
objective of this study was to evaluate the frequency of TNFA, INFG and IL10 gene
polymorphisms and their association with malaria vivax and genomic ancestry

. Samples from 90 vivax malaria-infected individuals and 51 non-infected individuals from
northern Brazil were evaluated. Six single nucleotide polymorphisms (SNPs) in TNF-
alpha, IFN-gamma and IL10 genes were genotyped using allele-specific oligonucleotide
polymerase chain reaction or PCR/RFLP. The genomic ancestry of the individuals was
classified using 48 insertion/deletion polymorphism biallelic markers. There were no
differences in the proportions of African, European and Native American ancestry between
men and women. No significant association was observed for the allele and genotype
frequencies of the 6 SNPs between malaria-infected and non-infected individuals.
However, the frequency of individuals carrying the TNF-308A allele decreased
progressively with the increasing proportion of European ancestry. No genotypic marker
appeared in only one ethnicity, and there was no allelic or genotypic association with
susceptibility or resistance to vivax malaria. Understanding the genomic mechanisms by

which ancestry influences this association is critical and requires further study.

1. Introduction

With the completion of the Human Genome Project and the ease of identifying
variations in DNA using currently available tools, several studies on genetic associations
have evaluated the genetic bases of certain traits (e.g., the susceptibility to or different
clinical manifestations of various types of diseases, including diabetes, cancer and
hypertension, as well as autoimmune, infectious parasitic and cardiac diseases) [1, 2, 3, 4,
5, 6]. These association studies are based on comparisons of the allele frequencies of
candidate genes between a group of people who have the disease or the outcome of interest

and an unaffected group [7,8].
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Malaria is one of the most studied infectious diseases. It is the primary parasitic
disease worldwide and is responsible for approximately 214 million cases annually,
resulting in more than 438, 000 deaths [9]. Currently, it is widely accepted that genetic
factors of the human host contribute to the infection and different clinical manifestations of
the disease [10, 11, 12]. The observed genetic variants associated with malaria include
those present in erythrocytes, which play an essential role as host cells during the asexual
life cycle of the parasite [13,14,15]. Moreover, polymorphisms in cytokine genes can alter
the production of these proteins and consequently affect the inflammatory response to
malaria [16,17,18], and they may be associated with susceptibility to or progression of the
disease [17, 19].

The prognosis of Plasmodium infection depends on the balance between pro- and
anti-inflammatory cytokines [20, 21, 22, 23] . IFN-y, TNF-a, IL-6, 1L-12, IL-1p and IL-8
are reported at higher levels in individuals infected with Plasmodium than in controls or in
individuals with severe malaria [21, 24, 25]. However, contradictory results have also been
observed, with lower levels of these cytokines reported in infected patients [25,26].

TNF-o participates in tumorigenesis, apoptosis, immune cell activation,
hyperthermia [18,22] and parasitemia reduction [27,28]. However, it can play different,
concentration-dependent roles in malaria, ranging from protection against the destructive
activity of infection on the vascular and brain endothelium to changes in blood glucose
levels [29,30]. SNPs in this gene have the potential to alter transcription factors,
influencing the circulating levels of the cytokine [16]. The A (-308) and C (-1031) alleles
have been associated with circulating levels of the cytokine and with clinical symptoms but
not with susceptibility [27], whereas the G allele (-308) has been associated with increased
susceptibility to malaria vivax [19]. Other alleles at positions -1031T, -863C, -857T, -
308G, and -238G have been associated with an increased risk of developing cerebral
malaria in patients in Myanmar [31].

IFNG acts as a regulator of antigen presentation, proliferation and differentiation in
lymphocyte populations and plays a modulatory role in the immune response mediated by
anti-inflammatory cytokines [32], such as IL-10. This Th2-type cytokine has a negative
immunoregulatory effect [33,34] on IL-1, IL-6, IL-8, IL-12, IFN-y and TNF-a [17,27] that

is essential for maintaining homeostasis and limiting tissue damage by infectious agents
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[34]. The production of the 1gG, IgA and IgM isotypes induced by IL-4 is synergistic [35]
However, high levels can contribute to the maintenance of the parasite in the host and can
be related to cerebral malaria and high levels of parasitemia [20,2124].

However, certain aspects of these observed associations have proven irreproducible
in subsequent studies performed in different populations [36,37,38], with contradictory
results for different SNP associations with susceptibility to different Plasmodium species
and levels of circulating cytokines and antibodies.. There are many reasons for the lack of
consistency in these results, but discrepancies are often due to population stratification,
which can occur in populations with different allele frequencies between and within
subgroups_—I[8]. If the population subgroups are represented in different proportions
between individuals of the case and control groups, then spurious associations may be
observed; thus, ancestry informative markers (AlMs) have been employed in an attempt to
avoid the population stratification problem [39,40].

This consideration is particularly important in studies involving admixed populations, as is
the case in the Brazilian population due to crosses involving primarily Europeans, Africans
and Native Americans. Previous studies employing AIMs in Brazil demonstrated that the
allele distributions in genes involved in pharmacokinetics [41,42] -or in the co-stimulation
of B and T lymphocytes [43] were affected by the proportions of genetic ancestry. The
frequencies of several cytokine gene alleles vary significantly among some ethnic groups
and geographic populations. Moreover, the lack of data on Native Americans in the
Brazilian population motivated us to investigate the frequency of polymorphisms in TNFA,
INFG and IL10 genes in people living in a malaria endemic area of the Brazilian Amazon e

their possible association with malaria vivax and genomic ancestry.

2. Materials and Methods

2.1 Sample

The sample used in this study was from the municipality of Goianésia, Para (03° 50’

33” S; 49° 05 49” W), Brazil, which is a malaria-endemic area in the Brazilian Amazon.

The sample was a subset of the individuals analyzed in Cassiano et al., 2015 [43]. A total of
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141 unrelated individuals older than 14 years were recruited at the Goianésia malaria
diagnosis center. Of these individuals, 90 were diagnosed with vivax malaria by
microscopy, and infection was subsequently confirmed using nested-PCR; no infections by
any human malaria species were observed in the remaining 51 individuals. All participants
or guardians signed the consent form, and the project was approved by the Goianésia do
Pard health authorities and by the Research Ethics Committee (CAAE
01774812.2.0000.5415) of the College of Medicine of Sdo José do Rio Preto (Faculdade de

Medicina de Sdo José do Rio Preto).

2.2 Genotyping
DNA was extracted using an Easy-DNA™ extraction/purification kit (Invitrogen,
CA, USA).

2.2.1 TNFA genotyping: Polymerase Chain Reaction Restriction Fragment
Length Polymorphism (PCR-RFLP).

The following oligonucleotides were used for the -308 G>A position (rs1800629):
forward 5’- GAG GCA ATA GGT TTT GAG GGC CAT -3’ and reverse 5’- GGG ACA
CAC AAG CAT CAAG -3’. _A quantity of 2.1 ul of DNA was used in 2.5 pl of 1x buffer
(200 mM Tris-HCI [pH 8.4], 500 mM KCI), 2.5 ul of glycerol, 1.5 mM MgCl;, 0.2 uM of
each dNTP; 1.5 ul of each primer, and 0.1 ul of Tag Platinum (0.5 U) (Invitrogen, Séo,
Paulo, Brazil). The amplification process consisted of an initial denaturation step of 94°C
for 5 min and 35 denaturing cycles (94°C for 30 s, 59°C for 30 s, and 72°C for 1 min),
which was followed by a final extension at 72°C for 5 min. The PCR products were
visualized on a 2% agarose gel stained with 2.5% GelRed™ (Biotium, Hayward, USA).
The PCR products at 147 bp were digested with Ncol (Fermentas, Vilnius, Lithuania)
restriction endonuclease for 15 minutes at 37°C to identify the genotypes [28]. The
digestion products were stained with 2.5% GelRed™ (Biotium, Hayward, USA) and
viewed on a 12.5% polyacrylamide gel after ethidium bromide staining..The resulting
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fragment for the A/A genotype was 147 bp, while the fragments for the G/G genotypes
were 126 and 121 bp, and those for the G/A genotypes were 147, 126 and 21 bp [44]

The following oligonucleotides were used for the TNFA-1031T>C position (rs
1799964): forward 5’-TAT GTG ATG GAC TCA CCA GGT -3’ and reverse 5’- CCT
CTA CAT GGC CCT GTC TT -3°. Genomic DNA (3.0 ul) was amplified with 0.1 ul of
Taqg Platinum (0.5 U) (Invitrogen, S&o, Paulo, Brazil), 1.5 mM MgCl,, 0.2 uM of each
dNTP and 1.5 ul of each primer. Polymerase chain reactions were run for 35 cycles: 5 min
at 94°C, 30 s at 57°C, and 1 min at 72°C, followed by a final extension at 72°C for 5 min.
These oligonucleotides generated a 251-bp fragment visualized on a 2% agarose gel stained
with 2.5% GelRed™ (Biotium, Hayward, USA). The product (10 ul)
was digested with 10,5 puL of Bbsl (Fermentas, Vilnius, Lituania) —at 37°C for 12 h,
subjected to electrophoresis in a 12.5% polyacrylamide gel after ethidium bromide
staining, resulting in 251 and 13 bp fragments for the TT genotype; 251, 180, 71 and 13 bp
fragments for the T/C genotype; and 180, 71 and 13 bp fragments for the CC genotype [44].

The PCR and RFLP reactions for the TNFA-238G>A position (rs361525) were
standardized according to the protocols of Hedayati et al., 2012 [45]. The following
oligonucleotides were used: forward 5’-ATC TGG AGG AAG CGG TAG TG -3’ and
reverse 5’- AGA AGA CCC CCC TCG GAA CC -3’. Briefly, amplification was performed
in a final volume of 25 ul containing 1.0 ul of total extracted DNA, 0.1 ul of Taq Platinum
(0.5 U) (Invitrogen, S&o, Paulo, Brazil), 1.5 mM MgCl,, 0.2 uM of each dNTP, and 1.0 pl
of each primer. The amplification reactions were performed under the following conditions:
initial denaturation for 5 min at 94°C; 35 cycles of 30 s at 94°C, 30 s at 60°C, and 1 min at
72°C; and a final extension of 5 min at 72°C, which generated a 153-bp fragment that was
visualized on a 2% agarose gel stained with 2.5% GelRed™ (Biotium, Hayward, USA). A
total of 10 ul of the PCR product was subjected to restriction enzyme digestion with Mspl
(Thermo Scientific) using 10.5 pl of the required enzyme at 37°C for 15 min. The
genotypes were identified as AA for the 156-bp fragment, GG for the 133-bp fragment and
G/A for 153- and 133-bp fragments in a 2% agarose gel stained with 2.5% GelRed™
(Biotium, Hayward, USA)
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2.2.2 1L10 genotyping: Polymerase Chain Reaction Restriction Fragment
Length Polymorphism (PCR-RFLP).

For the 1L10 SNPs at the -592C>A (rs 1800872) and -819 C>T positions (1800871),
the reactions were standardized in-house with the following oligonucleotides: forward 5°-
GGG TGA GGA AAC CAA ATT CEC -3’ and reverse 5’- GAG GGG GTG GGC TAA
ATA TC -3’. The 25 ul PCR mixture contained 1.0 ul of total extracted DNA, 0.1 ul of
Taq Platinum (0.5 U) (Invitrogen, S&o, Paulo, Brazil), 1.5 mM MgCl,, 0.2 uM of each
dNTP, 1.2 ul of each primer, and 2.5 pl glycerol. The cycling conditions were as follows:
94°C for 5 min; 35 cycles of 94°C for 30 s, 54°C for 30 s, and 72°C for 1 min; and a final
extension at 72°C for 10 min. These oligonucleotides generated a 361-bp fragment. The
PCR products were digested overnight at 37°C with 0.5 ul of Rsel (Fermentas, Vilnius,
Lithuania), and in another reaction, 10 pl of the PCR product for the IL10-819C>T SNP
was digested with 0.5 pl of the enzyme Rsal (Invitrogen, CA, EUA) for the 1L10-592C>A
SNP. After digestion, the fragments generated at the -592C>A position were 240, 77, 36
and 8-bp for the AA genotype; 317, 36 and 8bp for the CC genotype; and 317, 240, 77, 36
and 8-bp for the CA genotype. At the -819 position, the TT, CC and TC genotypes were
identified with 270 and 91bp; 217, 91 and 53bp; and 270, 217, 91 and 53bp bands,
respectively. A 2% agarose gel stained with 2.5% GelRed™ (Biotium, Hayward, USA)

was used.

2.2.3 IFNG genotyping: ASO-PCR

The polymorphism at the +874A>T position in the IFNG gene (rs 2430561) was
identified using allele-specific oligonucleotide-polymerase chain reaction (ASO-PCR [21] .
The following oligonucleotides were used: IFNG (+874) CP: 5-TCA ACA CTG ATA
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AAG CTC AC-3', IFNG (+874) T: 5-TTC TTA CAA CAC AAA ATCAAA TCT -3 ', or
IFNG (+874) A: 5'-TTC TTA CAA CAC AAA ATC AAA ATC-3.

These oligonucleotides resulted in a 262-bp fragment after changing the annealing
conditions from 56°C for 40 s to 53°C for 1 min, modified from Medina et al., 2011 [30].
The amplified product was analyzed using electrophoresis on a 2% agarose gel stained with
2.5% GelRed™ (Biotium, Hayward, USA). The AA genotype was identified when a 264-
bp fragment was observed in the electrophoresis of the A allele tube, and the TT genotype
was identified with the presence of a 264-bp fragment for the T allele tube. For the AT

genotype, one 264-bp fragment was observed in each of the two reaction tubes (A and T).

2. 3 Determination of ancestry

Individual ancestry estimates were based on a panel of 48 insertion-deletion (InDel)
ancestry informative markers (AIMs) as described in Santos et al. (2010). The ancestry data
for the samples from Goianésia do Pard were previously presented in a larger subset of
samples in Cassiano et al. (2015) [46]. The AIMs were genotyped in three multiplex
reactions with 16 markers in each reaction, and electrophoresis was performed on a
capillary sequencer (ABI®3130 Genetic Analyzer, Applied Biosystems) under the
conditions described by De Seixas et al. (2016) [47]. A standard ladder (ABIGS LI1Z-500,
Applied Biosystems) was used in each sample as a reference for the identification of InDel
markers. All of the investigated AIMs significantly differed in frequency in populations of
different geographical origins. The individual proportions of European, African and Native
American ancestry were estimated in the program Structure v2.3.4 using the Admixture
Model with a 100,000 burn length and 100,000 interations after burning; the allele
frequencies were independently modeled [48]. For the ancestry estimates, the data obtained
in the investigated sample were plotted against the parental population data that formed the
Brazilian population, which included Amerindian (246), Western European (290) and Sub-
Saharan African (201) individuals. The analysis showed that the main contribution was
European (44.2%), but there was also a significant African (31.8%) and Amerindian
(24.0%) contribution.
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2.4 Statistical analysis

All statistical analyses were performed using R software. The allele, genotype and
haplotype frequencies and deviations from the Hardy-Weinberg equilibrium were estimated
using the SNPassoc package [49]. Differences in the ancestry proportions between
genotypes were determined using fitted logistic regression models for age, gender and
infection status. A similar analysis was performed to evaluate differences in ancestry
proportions among the different haplotypes using the haplo.glm function [50]. Binary
logistic regression was used to graphically explore the associations between the
polymorphisms and ancestry proportions using the multinom package [51]. Differences in
the genotype and haplotype frequencies between the infected and non-infected individuals
were tested using the SNPassoc package with adjustment for the covariates age, gender and
ancestry. In all multivariate analyses, the SNPs were included following different genetic
models (co-dominant, recessive, dominant and additive). P-values <0.05 were considered

significant.

3. Results

3.1 Epidemiological characteristics of the study participants

The demographic data of the subjects included in the study are listed in Table 1. Of
the 141 participants, 90 (63.8%) had mild malaria, and 51 (36.2%) individuals were not
infected at the time of collection. The proportion of men was higher in the group with
malaria (74.4%) than in group of non-infected individuals (56.9%) (p = 0.03). Additionally,
the proportion of individuals that reported previous episodes of clinical malaria was higher
in the group of malaria-infected individuals (91.1% vs 68.6%, p < 0.01). Age, number of
previous malaria episodes and proportion of genetic ancestry (European, African and
Native American) were similar between the two groups. There were no differences in the
proportions of African, European and Native American ancestry between the men and the
women (p = 0.99, 0.65 and 0.48, respectively, Mann—Whitney U-test).



22

3.2 Genotype and haplotype distributions

The genotype and allele distributions of the studied SNPs are shown in Table 3. The
IFNG+874A>T SNP was successfully genotyped in 92.2% of the samples; the other SNP in
the IFNG gene (-183G>A) was removed from the analysis because it was monomorphic.
When the allele and genotype frequencies of the remaining six SNPs were compared
between malaria-infected and non-infected individuals, no significant association was
observed. All SNPs were at Hardy-Weinberg equilibrium in both groups (all p-values >
0.05) (Table 2). We conducted the tests following the additive, dominant, recessive and
heterozygous models, and the lowest p-values are shown in Supplementary Table 1.
Although the highest AA genotype frequency was observed for the IFNG+874A>T SNP in
the group of malaria-infected individuals, this difference did not reach the significance
level (OR =1.87, 95% CI: 0.91-3.82, p = 0.08).

Haplotype analyses were performed for the three SNPs in the TNF gene and for the
two SNPs in the IL10 gene. Four haplotypes in the TNF gene were responsible for more
than 98% of all potential combinations. The TNF-1031T>C SNP was in moderate linkage
disequilibrium with the TNF-308G>A and -238 G>A SNPs (D’ = 0.70 and 0.67,
respectively), whereas the TNF-308G>A and -238 G>A SNPs exhibited a D’ of 0.85. For
the IL10 gene, strong linkage disequilibrium occurred between the -819C>T and -592C>A
SNPs (D’ and three haplotypes were observed. The comparison of the haplotype
frequencies between the malaria-infected and non-infected individuals is shown in Table 3;
no significant differences were observed (all p-values > 0.06).

3.3 Association between polymorphisms and genetic ancestry

The individual proportions of the African, European and Native American genetic
ancestries were analyzed as continuous variables. In the present study, no differences were
observed in the mean proportion of any ancestry among the different genotypes and
haplotypes analyzed (Table 4 and Supplementary Table 2). Figure 1 shows the graphical
representation of the binary logistic regression model used to evaluate the frequency of

individuals carrying the mutant allele of all analyzed SNPs in relation to the individual
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genetic ancestry proportions. The frequency of individuals carrying the TNF-308A allele

progressively decreased with the increasing proportion of European ancestry (p = 0.03).

However, when the Bonferroni correction for multiple tests was used, this association was

no longer significant (p = 0.18). No other association was observed.

Table 1. Characteristics of the study population.

Characteristic Mild vivax malaria Non-infected p-value
(n=90) (n=51)
Gender, male* 74.4 56.9 0.03
Age (years)® 32.5(23.75-43.5) 37.0 (26.0-45.0) 0.62
Genetic ancestry®
European 0.442 +£0.130 0.449 £ 0.130 0.76
African 0.318 £0.120 0.295+0.112 0.26
Native American 0.240 £ 0.094 0.256 + 0.111 0.35
Previous malaria episodes® 5.0 (2.0-7.0) 2.0 (0-6.0) 0.06
Previous history of malaria® 91.1 68.6 <0.01
®Percentage ®Median (IQR)  °Mean + SD

Table 2. Distribution of the genotypes between vivax malaria-infected and non-infected individuals

Malaria Non-infected
Gene SNP Genotype n (%) MAF HWE n (%) MAF HWE
IFNG +874A>T AA 39(48.7) 0.30 0.91 17 (34.0) 0.37 0.08
AT 34 (42.5) 29 (58.0)
TT 7(8.8) 4—(8.0)
TNF  -1031T>C TT 51 (56.7) 0.28 0.11 24 (47.1) 028 0.14
TC 37 (41.1) 25 (49.0)
cC 2(2.2) 2 (3.9
TNF  -308G>A GG 69 (76.7) 0.12 0.21 35(68.7) 0.18 0.69
GA 21 (23.3) 14 (27.4)
AA 0 2 (3.9
TNF  -238G>A GG 80(88.9) 0.06 0.22 46 (90.2) 005 0.71
GA 9 (10.0) 5(9.8)
AA 1(1.2) 0
ILI0 -819C>T CC 39(43.3) 0.34 0.87 19(37.2) 035 0.15
CT 41 (45.6) 28 (54.9)
TT 10 (11.1) 4(7.8)
IL10 -592C>A CC 41 (45.6) 0.29 0.05 20(39.2) 034 0.21
CA 45 (50.0) 27 (52.9)
AA 4 (4.4) 4(7.8)

Abbreviations: MAF, Minor allele frequency; HWE, Hardy-Weinberg equilibrium



Table 3. Haplotype frequencies in the TNF and IL10 genes in vivax malaria-infected and

non-infected individuals.

Haplotype Malaria Non-infected OR (95% CI) p-value
TN F-1031/ -308/ -238

TIG/IG 0.632 0.555 Reference 0.11
CIGIG 0.195 0.220 0.63 (0.30-1.31) 0.45
TIAIG 0.113 0.161 0.48 (0.20-1.13) 0.17
CIGIA 0.037 0.049 0.62 (0.15-2.35) 0.75

| L10—819/—592

CIC 0.642 0.647 Reference 0.94
TIA 0.291 0.343 0.80 (0.44-1.44) 0.33
TIC 0.054 0.009 7.19 (0.89-57.7) 0.06

Odds ratios (OR), 95% confidence interval (Cl)
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Table 4. Haplotype frequency and its association with the proportions of African, European and Native American ancestry.

25

African European Native American

Haplotype Frequency Proportion  Difference (95% p- Proportion  Difference (95% p- Proportion  Difference (95% p-

Cl) value Cl) value Cl) value
TNF-lOBl/ -308/ -
238
TIGIG 0.615 0.31 Reference 0.44 Reference 0.25 Reference
C/GIG 0.191 -0.01 (-0.05-0.03) 0.61 -0.01 (-0.06 —0.03)  0.57 0.01(-0.02-0.05) 0.49
TIAIG 0.121 -0.05(-0.10-0.00) 0.05 0.06 (0.00-0.11)  0.05 -0.02 (-0.06 — 0.02)  0.37
C/G/A 0.044 -0.01 (-0.08 - 0.06) 0.78 -0.02 (-0.11-0.06) 0.55 0.06 (-0.03-0.15) 0.17
| L10-819/-592
c/C 0.650 0.30 Reference 0.45 Reference 0.25 Reference
T/IA 0.303 -0.01 (-0.04-0.03) 0.67 0.00 (-0.04-0.04) 0.94 0.01(-0.02-0.04) 0.55
T/C 0.040 0.01 (-0.07-0.08) 0.86 -0.02 (-0.10-0.06)  0.60 0.02 (-0.05-0.08) 0.63

The effects of each haplotype were relative to the most frequent haplotype used as a reference. A% indicates relative change in the ancestry proportions compared
to the reference haplotypes with 95% confidence intervals.
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Figure 1. Binary logistic regression model used to evaluate the frequency of individuals

carrying the mutant allele of all analyzed SNPs relative to the individual proportions of
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genetic ancestry. The shading around the lines represents the 95% confidence interval. The

graph was constructed using the ggplot2 package in the R program.

4. Discussion

Previous studies reported different allele frequencies in cytokine genes among
different ethnicities. Due to these studies and the participation of these proteins in
numerous processes related to the pathogenesis of various diseases, we evaluated the
frequencies of polymorphisms in the TNFA, IFNG and IL10 genes in a highly admixed
Brazilian population and related their distributions to the proportions of genetic ancestry
using AlIMs. We selected a population from northern Brazil where there was a higher
contribution of Native American ancestry due to the lack of data in studies of this nature
involving indigenous populations [52]. Because these cytokines play a key role in the
modulation of the immune response in malaria, we evaluated whether these polymorphisms
were related to protection against vivax malaria. However, this study did not provide
evidence of such associations.

The -308G>A SNP (rs1800629) is located in the promoter region of the gene, and
the presence of the A allele forms a binding site for the AP1 transcription factor that has
been associated with increases in TNF-o production [18]. The frequency distribution of the
A allele observed in our study (13.83%) was similar to that observed in previous studies in
the Brazilian population (12-16%) [53, 54, 55]. According to data from the 1000Genomes
project, the frequency of the A allele is similar between Europeans (13%) and Africans
(12%). This finding was in agreement with our results because no differences were
observed in the frequencies of this allele according to the proportions of genetic ancestry.
Contradictory results were observed for malaria, with the TNF-308A allele associated with
higher susceptibility/severity [56,57,58], without alterations [36] or with resistance to P.
falciparum malaria [59]. Regarding vivax malaria, which was the focus of the present
study, our results were in agreement with other studies, including those in the Brazilian
Amazon that did not observe any associations between the TNF-308G>A SNP and
susceptibility or clinical manifestations due to P. vivax infection [10, 19, 60].
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The -238 G/A SNP (rs361525) does not have a clearly established function but
seems to affect the circulating cytokine levels because it is located on a repressor site in the
TNF-a gene [16]. The 5.38% frequency of the A allele (-238) in our results was similar to
the data for Europeans and Africans, which ranged from 4 to 6% [61]. The frequency of the
presence of the A allele at the -238 and -376 positions is low worldwide. In the Brazilian
Amazon, previous indices ranged from 5-7% [19, 62], and no associations were described
with vivax malaria in Para [19]. In contrast, the G/A genotype was associated with psoriasis
in southeastern Brazil [63], and the A allele was associated with a decrease in falciparum
malaria parasitemia in Burkina Faso [30], cerebral malaria in Kenya [64] and malarial
anemia [56]. This SNP was associated with increased susceptibility to vivax malaria in the
Amazon region only when evaluated in the TATGG haplotype (—1031/-863/-857/-308/-
238) [19].

The 24.82% frequency of the C allele at the -1031 position (rs1799964) of the
TNFA gene is similar to data from the 1000Genomes project (15% and 21% for Africans
and Europeans, respectively) and Brazilian studies on leprosy and vivax malaria [62]. In
malaria, this SNP was associated with cytokine levels and clinical symptoms but not with
susceptibility in India [27]. The C allele is associated with a two-fold higher chance of
cerebral malaria caused by P. falciparum [65] in Thailand. In Africa, the CC genotype is
associated with repeated malaria episodes [44,59 ] and the T allele is associated with high
parasitemia [30 ]. In Brazil, the CC genotype is associated with protection against leprosy

but not malaria [62].

One hypothesis for the lack of association of the evaluated SNPs is that malaria can
occur due to possible linkage disequilibrium of the SNPs in TNFA with the human
leukocyte antigens (HLAS), which can cause non-functional mutations [59, 60 ]. The A
allele (-308) is described as having a strong linkage disequilibrium with HLA-Bw53 and
DRB1*1302-DQB1*0501, whereas the A allele at the -238 position of the TNFA gene
appears to be linked to HLA-B53 but with different immune characteristics [56 ]. The
haplotype frequencies in cytokine genes can vary extensively among different ethnic
groups most likely due to selective pressure on the human genome and thus affect the
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susceptibility and clinical outcomes of diseases such as malaria [33]. This effect might have

affected our results due to the admixture observed in the Brazilian population.

. The gene sequence of this cytokine is highly conserved, with few polymorphisms.
The SNP at the -183 G/T position is related to increased transcription activity [26], whereas
+874 (A>T) is located in a region where the number of replicates can modulate the
expression of messenger RNA and the production of cytokines [21,66 ]. The T allele is
associated with a high number of replicate copies and activates the transcription site for the
NF-kB pathway, which correlates with high cytokine expression [67, 68 ]. The A/A, T/A
and T/T genotypes are associated with low, intermediate and high production of IFN-y,

respectively [21,69 ].

The highest frequency of the A allele (IFNG+874) is described in individuals with
European ancestry and is 46% (http://hapmap.ncbi.nlm.nih.gov). Indeed, the evaluated
population in the present study had a European contribution of almost 50% [43 ], and the
frequency of this allele was detected in 67.3% of the evaluated sample. However, no
association was detected with any ancestry or with malaria. Studies conducted in the United
States with African-American and Caucasian populations found higher frequencies of 66%
and 37% [70] -and 48% and 25% [71], respectively. Our data showing the higher frequency
of the mutant A allele are in agreement with studies in the Brazilian Amazon that found
frequencies of 70.13% [21] and 73% [17], but all lacked an association with malaria caused
by P. vivax or P. falciparum. Few studies have described an association between this SNP
with malaria; however, its association with dermatitis was observed in India [72] and with
an increase in susceptibility to malaria in Brazil [21]. Importantly, higher levels of this
cytokine allow a better immune response against obligate intracellular pathogens; thus, low

levels of the A allele are associated with susceptibility to the disease.

The 1L10 gene has more than 27 polymorphic sites associated with SNPs that result
in the differential production and expression of the cytokine [17, 33, 73 ], auto-immune and
inflammatory diseases [74], bacterial and viral infections [75] and human malaria [21].

Particularly, -819C and -1082G increase the protein production in peripheral blood
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lymphocytes in vitro [76]. The (-1082, -819 and -592) GCC, ACC and ATA haplotypes are
associated with high, intermediate and low 1L-10 production, respectively [17, 33].

The allele distributions for T (-819) and A (-592) in our results were 35.4% and
31.2%, respectively; these distributions were higher in Europeans than in Africans but
lacked significant associations. These data disagree with those from the 1000Genomes
project [61], which reports a higher frequency of the mutant alleles in Africans. Lokossu et
al. 2013 [77] reported higher frequencies (41.53% and 41.31% for the T and A alleles,
respectively) for falciparum malaria in Benin. The allele and genotype distributions of
SNPs in IL10 are described as variables according to ethnic group [21, 33] and the A (-
592), T (-819) and A (-1082) alleles are more frequent among African-Americans [77,78 ].
Moraes et al. 2003 [74] also found no associations of genotypes, alleles and haplotypes
with five 1L10 SNPs (-3575, —2849, 2763, —1082, —819) in a study with Brazilian and
Dutch populations. However, studies with indigenous populations are scarce. In Brazil, a
study with the Terena of Mato Grosso do Sul state showed that the mutation rate was
significant for the IL10 -819 and -1082 SNPs [79]; in contrast, we obtained the lowest rates
for this ancestry and no association was observed.

The CC genotypes for the two SNPS were associated with a decrease in 1L-10 levels
and low parasitemia in northern Brazil [17], which agreed with our data indicating no
significant association with susceptibility to malaria. Two studies in Para state, Brazil, also
described no haplotype associations of the IL10 gene with malaria [19, 21 ] and falciparum
malaria in Africa [33]. In Piracicaba, southeastern Brazil, these SNPs were associated with
chronic periodontitis in Caucasians [80]. Future analyses of parasitemia and cytokine
indices may identify associations between the SNPs in the evaluated sample. One
hypothesis for the lack of association is that the patients involved in the present study did
not have malarial complications caused by P. vivax. Additionally, the transmission profile
of the malaria of the area investigated could have had an effect, and the epidemiology was
different from that observed in Africa. Another explanation may be the low frequency of
some genotypes in the present study. Thus, the sample size may have been too small to find

any possible association. This finding warrants further investigation.
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Conclusion

The evaluation of ancestry informative markers (AlMs) allows estimations of
admixtures at the individual level and avoids possible confounding factors due to ethnicity,
such as in the tri-hybrid population sample evaluated in this study. Although most
polymorphisms in the TNFA, IFNG and IL10 genes investigated in this study did not
significantly differ according to ancestry and were not associated with risk or protection
against vivax malaria, the A allele of TNF-308 progressively decreased with the increasing
proportion of European ancestry. In Brazil, this is the first study to evaluate the distribution
of these genes according to ancestry. The results support the application of ancestry

informative markers in future studies.
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Abstract

Background: The immune response against Plasmodium vivax immunogenic epitopes is regulated by pro- and
anti-inflammatory cytokines that determine antibody levels and class switching. Cytokine gene polymorphisms may
be responsible for changes in the humoral immune response against malaria. The aim of this study was to evaluate
whether polymorphisms in the TNFA, IFNG and IL10 genes would alter the levels of anti-PvAMA1, PvDBP and -PvMSP-
1,9 19G antibodies in patients with vivax malaria.

Methods: Samples from 90 vivax malaria-infected and 51 uninfected subjects from an endemic area of the Brazilian
Amazon were genotyped using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
to identify polymorphisms of the genes TNFA (—1031T > C, —308G > A, —238G > A), IFNG (+874T > A) and IL10
(=819C >T, —592C > A).The levels of total IgG against PvAMAT1, PvDBP and PvMSP-1,, were determined using an
enzyme-linked immunosorbent assay (ELISA). Associations between the polymorphisms and the antibody response
were assessed by means of logistic regression models.

Results: No significant differences were found in the levels of IgG antibodies against the PvAMA-1, PvDBP or PvMSP-
1,4 proteins in relation to the studied polymorphisms.

Conclusions: Although no associations were found among the evaluated genotypes and alleles and anti-merozoite
IgG class P vivax antibody levels, this study helps elucidate the immunogenic profile involved in the humoral immune
response in malaria.

Keywords: IgG antibody, Plasmodium vivax, TNF, IFNG, IL10

Background

Early diagnosis, prompt and effective treatment, the use
of mosquito nets impregnated with long-acting insec-
ticides and residual intradomiciliary spraying are the
main malaria control measures [1] and have resulted in
a reduction in the transmission and number of cases of
malaria in Brazil. However, this disease remains one of
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the most prevalent infections in tropical countries, with
214 million clinical cases/year and approximately 438,000
deaths [2]. In Brazil, Plasmodium vivax is the aetiologic
agent in 85 % of cases, and 99.9 % of cases occur in the
Brazilian Amazon region [2].

The different clinical manifestation patterns of malaria
may be related to host and agent genetic factors, age and
ethnicity as well as the involvement of these factors in the
immune response and parasitaemia and antibody levels
[3-5]. IgG antibodies play a protective role against para-
site invasion in the erythrocytic cycle of Plasmodium [3, 6).
For Plasmodium knowlesi, anti-PvAMA-1 monoclonal
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antibodies have been shown to be capable of inhibit-
ing merozoite invasion in vitro [7]. PvDBP antibodies
inhibit interactions with the Duffy antigen receptor for
chemokines (DARC) in erythrocytes [8], and antibodies
produced against PvMSP-1,4 have been shown to prevent
merozoite invasion in vitro [9]. The synthesis of immuno-
globulins is complex and depends on the process of antigen
presentation by B lymphocytes (BL) to TCD4 lymphocytes
and the involvement of co-stimulatory molecules and their
receptors [10].

The production, levels and switching of antibody
classes is regulated by pro- and anti-inflammatory
cytokines [3, 6, 11, 12]. IFN-y can negatively modulate
the humoral immune response, thus interfering with cir-
culating antibody levels [13] and increasing IgG2 produc-
tion. TNF appears to be important in the development
of the humoral response as an autocrine growth factor
for B cells [6]. Among the anti-inflammatory cytokines,
IL-10 may participate in negative immunomodulation of
the Thl-type response [14, 15] in addition to inducing
immunoglobulin synthesis [6].

Many genetic variants are responsible for minor
changes in the immune response in malaria [11, 12]. Pre-
vious studies in Brazil with vivax malaria have evaluated
factors associated with genetic variability in the humoral
immune response. HLA-DR16 is associated with the IgG
antibody response to the P, vivax VK247 variant circum-
sporozoite protein [16]. High levels of MSP-1 antibodies
are also associated with HLA-DR3 [17]. In Goianésia do
Par4, a municipality located in the Brazilian Amazon, two
studies evaluated the effects of polymorphisms in genes
involved in the humoral immune response. Cassiano et al.
[10] found that the frequency of specific IgG responders
against PVAMA-1, PvDBP and PvMSP-1,, was associated
with polymorphisms in the BLYS (—871C > T), CD40
(—1C > T) and CD86 (+1057G > A) genes. In contrast,
genotypes and haplotypes of the IL4 gene were not asso-
ciated with the production of PvAMA-1 antibodies [18].
The aim of this work was to continue the search for the
genetic basis of these traits and to evaluate whether poly-
morphisms in the TNFA, IFNG and IL10 genes alter the
levels of anti-PvAMAL, -PvDBP and -PvMSP-1,, IgG
antibodies.

Methods

Study area and subjects

Ninety samples from vivax malaria-infected subjects and
51 samples from uninfected subjects were collected in
Goianésia do Pard (03°50’33"S; 49°05’49” W). The sub-
jects were in a sub-group of individuals previously ana-
lysed by Cassiano et al. [10]. The study has evaluated the
effect of genetic ancestry on the distribution of polymor-
phisms in the TNFA, IFNG and IL10 genes (unpublished
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data). No differences were observed in the mean propor-
tion of any ancestry among the different genotypes and
haplotypes analysed.

In 2011 and 2012, the numbers of malaria cases were
2856 and 1136, respectively, with 79 % of cases caused by
P vivax. Samples were collected at the municipal health
center between February 2011 and August 2012. Data
were collected by passive detection in Basic Health Units
after thick blood film phenotypic diagnosis, but prior
to treatment. All patients if malaria were given stand-
ard treatment of 1500 mg of chloroquine in 3 days (600,
450 and 450 mg) plus 30 mg of primaquine on the day
the diagnosis and on the following 6 days. Individuals
infected with P, vivax presented for medical care because
of clinical symptoms of malaria and they were recruited
after diagnosis. The uninfected individuals who sought
medical care offered during the study were invited to par-
ticipate in the study. These individuals experienced the
same conditions of exposure to the aetiological agent.
All participants or guardians signed the consent form,
and the project was approved by the Goianésia do Para
health authorities and by the Research Ethics Committee
(CAAE 01774812.2.0000.5415) of the College of Medi-
cine of Sao José do Rio Preto (Faculdade de Medicina de
Sao José do Rio Preto).

Malaria was diagnosed using thick blood smears
stained with Giemsa and subsequently confirmed by
nested-PCR with modifications [19]. No uninfected indi-
vidual was positive in nested-PCR, while five individuals
positive for P. vivax (thick blood smear) had mixed infec-
tion with Plasmodium falciparum (by nested-PCR) and
were excluded from the study. Parasitaemia was defined
as the number of parasites per microlitre of blood after
examination of 100 microscopic fields.

Peripheral blood was stored at —20 °C. The examina-
tion of polymorphisms in the genes TNFA, IFNG and
IL10 was performed via PCR amplification followed by
restriction fragment length polymorphism (RFLP) analy-
sis or the amplification of specific alleles (Table 1).

The amplified products were subjected to electro-
phoresis (100 V/50 min) in 1.5 to 2.5 % agarose gels
stained with Gel Red (Biotium, CA, USA) or in eth-
idium bromide-stained 12.5 % polyacrylamide gels
(10 mg/ml) and were visualized using a transilluminator
(Biotecnologia-Locus).

Assessment of the serological response

against Plasmodium vivax

The levels of IgG class anti-MSP-1,,, anti-PvAMA-1 and
anti-PvDBP antibodies in a larger cohort were previously
reported by Cassiano et al. [10]. The analyses were per-
formed using ELISA following previously described pro-
tocols [24-26]. A recombinant protein (His6-MSP-1,,)
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Table 1 Polymorphisms, methods, restriction enzymes, primers, and band patterns used for investigation of SNPs
in genes TNFA, IFNG, IL10

Polymorphisms SNP Method enzimas  Primers Genotype Reference
in gene annealing
IFNy —183 52069709 RFLP (53°) FW: 5/-AAT GAT CAATGT GCTTTG TT:271 pb Suxia Qi et al. [20]
G>T Eco47l TG-3' GT: 271 pb, 164 pb, 107pb
R: 5-TAA GAT GAG ATG GTG ACAG-3’  GG: 164pb, 107 pb
IFNy +874 152430561 ASO-PCR (53°) CP: -5"-TCA ACA AAG CTG ATA CTC AA: 262 pb (reacao A) Medina et al. [21]
A>T CA-3’ TT: 262 pb (reacaoT)
T:5-TTCTTA CAA CAC AAA ATC AAA  AT: 262 pb (reacao A, T)
TCT-3/
A: 5-TTCTTA CAA CAC AAA ATC AAA
TCA-3’
TNFa —238 s 361525 RFLP (60°) FW: 5/-ATC TGG AGG AAG CGGTAG AA: 156 pb Hedayati et al. [22]
G>A Mspl TG-3’ GG: 133 pb
R: 5-AGA AGA CCC CCCTCG GAA GA: 153 pb, 133 pb
ccs
TNFa —308 rs 1800629 RFLP (599) FW: 5/-GAG GCA ATA GGTTTT GAG AA: 147 pb Asghar et al. [23]
G>A Ncol GGC CAT-3/ GG: 126 pb, 121 pb
R: 5-GGG ACA CAC AAG CAT CAAG 3’ GA: 147 pb, 126 pb, 21 pb
TNFa —1031 151799964 RFLP (57°) FW: 5/-TAT GTG ATG GAC TCA CCA TT:251 pb, 13 pb Asghar et al. [23]
7>C Bbsl GGT-3/ TC: 251 pb, 180 pb, 71 pb
R: 5’-CCT CTA CAT GGC CCT GTCTT 3/ e13pb
CC:180pb, 71 pbe 13 pb
IL-10 =592 1800872 RFLP (54°) FW: 5/-GGG TGA GGA AAC CAA ATT AA: 240 pb, 77 pb, 36 pb e
C>A Rsal CTC-3! 08 pb
R:5-GAG GGG GTG GGCTAA ATATC 3" CC:317 pb,36 pb e 08 pb
CA: 317 pb, 240 pb, 77 pb,
36 pb e 08 pb
IL-10 =819 1800871 RFLP (54°) FW: 5-GGG TGA GGA AAC CAA ATT TT: 270 pb e 91 pb
C>T Rsel CTC-3’ CC:217 pb, 91 pbe 53 pb

R: 5-GAG GGG GTG GGC TAA ATA

TC3

TC: 270 pb, 217 pb, 91 pb
e 53 pb

comprising amino acids 1616—1704 of MSP-1,, [24] and
domain II of the DBP protein [25] of P. vivax (SAll strain)
was expressed in Escherichia coli. A protein ectodomain
(amino acids 43-487) expressed in Pichia pastoris was
used for PYAMA-1 [26]. The reactivity index (RI) was cal-
culated to define samples as reactive or non-reactive and
was determined by dividing the sample OD value by the
cut-off point. Samples with RI > 1 were considered posi-
tive, and those with RI < 1 were considered negative. The
cut-off point was established as the mean OD (plus three
standard deviations) of the 40 plasma samples collected
from subjects with no history of malaria who were living
in Sao José do Rio Preto, which is located in the interior
of the state of Sdo Paulo (a non-malaria-endemic area).
The control samples were only used for the determina-
tion of serological response.

Statistical analysis

Statistical analysis was performed using R software v
2.11.1. The genotypic and allelic frequencies of each
variant were calculated using the genetics package [27].
This package was used to evaluate Hardy—Weinberg

equilibrium deviations using the Chi square test and the
linkage disequilibrium between locus pairs was calculated
using the D’ parameter. Haplotypes frequencies were
estimated using the maximum likelihood method with
the EM (expectation—-maximization) algorithm, which is
part of the haplo stats package [28]. Differences between
the proportions of responders and non-responders were
evaluated using the Chi square test. A non-parametric
Kruskal-Wallis test was used to identify differences in
antibody levels and genotypes. P values less than 0.05
were considered significant.

Results

The genotypic frequencies of the six examined single
nucleotide polymorphisms (SNPs) are summarized in
Table 2. The allelic frequencies of the evaluated SNPs
were in Hardy—Weinberg equilibrium. For the IFNG
gene, allele A was the most frequent, with 67.3 % at
position +874T > A. For positions —592C > A and
—819C > T of the IL10 gene, the C allele was most com-
mon, with frequencies of 68.8 and 65.6 %, respectively.
Finally, for the TNFA gene at positions —238G > A,
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Table 2 Levels of IgG antibodies against P. vivax blood stage proteins according to the studied genotypes
Gene SNP PvAMA-1 Pvalue PvDBP Pvalue PVMSP-1,, Pvalue
(n=135) (n=135) (n=128)
INFG +874T > A 0.19 040 042
AA 136 (0.63-2.78) 1.58 (0.78-7.29) 2.92(1.00-7.63)
AT 1.14 (0.51-2.18) 141 (0.77-4.73) 2.05 (0.49-6.64)
T 2.50(1.18-3.00) 5.17(0.86-18.5) 4.66 (1.50-8.11)
TNFA —1031T>C 0.74 042 0.71
T 141 (0.60-2.97) 1.34(0.79-5.38) 3.74(0.96-7.57)
TC 1.49 (0.58-2.50) 1.66 (0.79-6.87) 2.60(0.51-6.93)
cC 145 (1.01-1.52) 8.57(0.73-14.89) 2.12(1.32-2.59)
TNFA —308G > A 041 0.58 0.50
GG 167 (0.65-2.80) 1.66 (0.79-6.30) 2.92 (0.89-7.58)
GA 1.14 (0.58-2.23) 148 (0.73-342) 261 (1.18-6.54)
AA 0.62 (0.51-0.62) 1.39 (0.96-1.39) 1.30(0.28-1.30)
TNFA —238G> A 0.76 0.97 061
GG 1.45 (0.64-2.66) 1.59 (0.81-5.59) 2.61(0.94-747)
GA 134 (0.53-2.91) 148 (0.76-7.16) 5.15 (1.69-8.16)
AA 232(2.32-2.32) 1.28(1.28-1.28) 3.04 (3.04-3.04)
ILT0 —819C>T 0.79 0.57 0.99
cC 1.35(0.63-2.53) 2.01(0.79-5.91) 3.50 (0.55-7.48)
cr 1.45 (0.60-2.77) 1.29 (0.77-5.06) 2.61(0.87-7.60)
T 2.22(0.83-2.84) 2.18(1.35-6.31) 1.98(1.22-7.13)
Lo —592C> A 0.86 0.86 0.77
cC 141 (0.62-2.50) 1.59(0.76-5.91) 4.92 (1.10-7.63)
CA 152 (0.62-2.78) 1.46 (0.81-5.46) 2.59 (0.94-7.26)
AA 1.22(0.52-2.85) 1.84(1.21-4.32) 2.50 (1.07-5.97)

Values are presented as medians (IQ)

—308G > A and —1031T > C, the most frequent alleles
were G (94.32 %), G (86.17 %) and T (75.18 %).

Antibodies levels (PvAMA-1, PvDBP or PvMSP-1,,)
were significantly higher in individuals with malaria than
in uninfected (Additional file 1). No significant differ-
ences were found in the levels of IgG antibodies against
the PvAMA-1, PvDBP or PvMSP-1,, proteins in relation
to the studied polymorphisms (Table 2, P > 0.05, Kruskal—
Wallis test). It was possible to genotype some samples
of patients with malaria to the IFNG (+874A > T) gene
rs2430561. This result did not change in the regression
analyses after adjusting for covariates affecting anti-
body levels (current infection status, previous history of
malaria and gender). The logistic regression analyses also
revealed no significant differences between haplotypes in
relation to antibody levels (Table 3).

Discussion

Cytokines such as TNF, IFN-y and IL-10 participate in
cellular and humoral immune modulation in malaria
and affect pathogenesis, parasitaemia control and patho-
physiology, which are dependent on the cellular and

circulating levels of these cytokines [3, 21, 29, 30]. It is
hypothesized that polymorphisms in the genes encoding
these cytokines could be found in genetic markers and
would affect the levels of IgG anti-merozoite antibodies
in individuals with vivax malaria. Limited data are avail-
able in the literature, and studies examining associations
between antibodies and SNPs in cytokine genes in gen-
eral have been conducted only for P, falciparum. The aim
of the present study was to evaluate the importance of
polymorphisms in the genes TNFA, IFNG and IL10 in the
antibody response of P. vivax vaccine candidate proteins.
However, analysis identified no significant association.
IEN-y is a key pro-inflammatory cytokine for the
induction of essential immune effector mechanisms in
initial infection control in both the hepatic and erythro-
cytic phases of malaria [31, 32]. The production of this
cytokine is related to low parasitaemia in the acute phase;
however, a balance with anti-inflammatory cytokines,
such as IL-10 and TGF-beta, is necessary to reduce severe
forms of malaria [32]. The SNP at position +874 T > A
affects an NFkB pathway that determines the production
of inflammatory cytokines [33, 34]. An association has
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been observed between the T allele of this SNP and high
IEN-y production [34]. The results of individuals carry-
ing the TT (Table 2) genotype had higher levels of anti-
PvAMA-1, -PvMSP-1,4 and -PvDBP IgG antibodies than
those with the TA or AA genotypes, although the asso-
ciation was not significant. Thus, the TT genotype may
not be related to increased production of IFN-y, which
would negatively modulate the Th2 immune response
and antibody production in the analysed samples, given
that these patients had higher antibody levels.

TNF participates in the total IgG response, which is
mediated by follicular dendritic cells and dependent on
soluble TNFR1 signalling [35], and high levels of this
cytokine are related to malarial paroxysm [32] and severe
malaria [6]. The A allele of TNFA (—308, —238) has been
associated with elevated levels of antibodies in falcipa-
rum malaria [6, 35, 36]. At positions —863 and —857, the
A and T alleles, respectively, have been associated with
high levels of IgG3 and IgG4 antibodies in malaria [37]. In
Tanzania, Carpenter et al. [11] reported a negative asso-
ciation between levels of anti-P. falciparum 1gG antibod-
ies and the A allele (—308) in malaria patients. In a study
of SNPs in the TNFA gene in Burkina Faso, the A (—863),
T (—857) and G (—1304) alleles in particular were associ-
ated with total IgG levels against P, falciparum; however,
no association was found for positions —1031, —308 or
—238 of this gene [6]. This prevalence of subjects indi-
viduals with the A allele (TNF308G > A) had the lowest
levels of anti-PvAMA-1, -PvMSP-1,, and -PvDBP IgG
antibodies, but the association was not significant.

Interleukin 4, IL-10 and IL-13 are anti-inflammatory
cytokines involved in antibody production mechanisms
[3]. IL-10 is a Th2-type immunoregulatory cytokine that
negatively modulates the effects of pro-inflammatory
cytokines produced by Thl cells [29, 30, 38], partici-
pates in the induction of immunoglobulin synthesis and
promotes isotype class switching from IgM to IgG1 and
from IgG1 to IgG3 [6]. The AA genotype (—1082) has
been associated with high levels of anti-MSP-2/31D7 and
-AMA-1 IgG antibodies in mothers and newborns with
falciparum malaria in Uganda [3]. In patients with falci-
parum malaria in Tanzania, the A allele (—592, —1082)
was associated with low levels of IgE and IgG4 [11]. SNPs
(—592 and —819) were associated with high levels of IgE
and P, falciparum NANP (IgG) antigen antibodies in Sri
Lanka [39]. Haplotypes IL10—1082/—819/—592 GCC,
ACC and ATA were correlated with high, intermediate
and low levels, respectively, of the IL-10 cytokine [29,
40]. It has been hypothesized that high cytokine concen-
trations are associated with the presence of the C allele
at positions —819 and —592 based on the observation
that IL-10 participates in the immunological activa-
tion of antibody production. However, this proposition
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was supported for the analyses carried out only for anti-
PvMSP-1,, IgG for these genotypes. The opposite
occurred in the presence of the TT (—819) and AA
(—592) genotypes associated with low production of anti-
MSP-1,4 however, there was no statistical significance in
either case. This finding may be due to low serum con-
centrations of the cytokine resulting from other factors
or to the non-influence of these SNPS on IL-10 levels and
antibodies in the patients evaluated in this study.

Conclusions

This study revealed no association between genotypes
and alleles with IgG class P vivax anti-merozoite anti-
body levels. Studies of possible associations between
SNPs in cytokine genes and the humoral immune
response to malaria are still incipient, and the results are
contradictory. However, this was the first Brazilian study
to examine this set of SNPs (IFNG-183G > T, +874A > T;
TNFA —238G > A, —308G > A and —1031T > C; IL10-
592C > A, —819C > T) in control cases of vivax malaria.
Immunogenetic profile studies are needed to better
understand the immunomodulation of P vivax; this
research will be essential for the development of new
malaria vaccines and treatments.
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CONCLUSOES

As seguintes conclusdes puderam ser obtidas a partir da amostragem
populacional avaliada:
-Os SNPs avaliados estdo em Equilibrio de Hardy-Weinberg.
- As frequéncias alélicas e genotipicas dos SNPs avaliados sdo compativeis
com investigacdes de outras regides brasileiras € ndo mostram diferencas
entre individuos com malaria e os néo infectados.
- O SNP no gene INFG-183G>A(rs2069709) foi monomoérfico para a
amostragem avaliada.
- Maior frequéncia do gendtipo AA para o SNP INFG+874T/A (rs2430561) foi
observada no grupo de individuos com malaria, porém sem diferenca
significante.
- Os SNPs nos genes de citocinas TNFA, INFG e IL10 e no receptor CD28
investigados ndo foram associados com nenhuma ancestralidade gendémica na
amostra estudada.
-Os haploétipos nos genes TNFA e IL10 nao sao influenciados para os dois com
as ancestralidades europeia, africana e nativo americana para os dois grupos
avaliados no estudo.
- O alelo A do TNF-308 diminui progressivamente com o aumento da proporgéo
de ancestralidade europeia.
-Os polimorfismos de genes de citocinas e haplétipos avaliados néo interferem
com niveis de anticorpos da classe IgG anti-merozoitos (PvDBP, Pv-AMA-1 e

Pv-MSP1-19) para o Plasmodium vivax.



50

- Individuos com o genodtipo GG para o SNP CD28-372G/A (rs35593994)
tinham niveis mais baixos de anticorpos da classe IgM para a proteina
iumnogénica anti ICB2-5.

- Para o SNP CD28+17T/C (rs3116496) os individuos com o gendtipo CC
apresentaram niveis mais elevados de IgG1 em relagdo aos portadores do

gendtipo TT e TC.
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CERTIFICADO

Certificamos que

ADRIANA ANTONIA DA CRUZ FURINI

participou do XLIX Congresso da Sociedade Brasileira de Medicina
Tropical, realizado no periodo de 6 a 11 de agosto de 2013,
no Centro de Convencoes Arquiteto Rubens Gil de Camilo,
em Campo Grande — Mato Grosso do Sul

com carga horiria total de 44 horas.

Campo Grande, 10 de agosto de 2013, O
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Presudinte do XLIN Cangreasa da Predonts da Scamaclade Prosiclenie da
Sodedade Brasikeins de Mlodcna Tropial Brsodkcira de Blockoma Trupecal Lohuissi Cirntifica
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Congresso Brasileiro de Medicina Tropical (2013)

Resumo em Anais de Congresso

AREA TEMATICA: F) DOENGAS POR PROTOZOARIOS

P-T52
TITULO: POLIMORFISMO NO GENE IL10 INFLUENCIAM NA CARGA PARASITARIA EM UMA POPULAGAO COM
MALARIA VIVAX NO ESTADO DO PARA.
AUTOR(ES): ADRIANA ANTONIA DA CRUZ FURINI , GUSTAVO CAPATTI CASSIANO, MARCELA PETROLINI
CAPOBIANCO, FRANCIELE MAIRA MOREIRA BATISTA TOMAZ, PAMELLA CRISTINA ALVES TRINDADE,
MICHELE ENCINAS, DIEGO LONGO MADI, LUCIANA MORAN CONCEICAO, VALERIA DALTIBARI FRAGA,
RICARDO LUIZ DANTAS MACHADO o
INSTITUIGAO: FACULDADE DE MEDICINA DE SA0 JOSE DO RIO PRETO

No Brasil o Plasmodium wvax tem sido a espécie mais prevalente, responsavel por aproximadamente B3% dos casos
de malara na regdo Amazdnica brasieira. Oz polimorfismos nos gemes de ciocimas prd e anti-inflamatonas,
codificadores de moléculas gue interagem em wias moduladoras da resposta imune celular e humoral, podem influenciar
na registéncia ou susceptibilidade a malania, assim como nas concentragdes dessas moléculas e resultado da infeccao.
A densidade parasitana tem sido reconhecida como importante fator no resultado da infecgdo pela malana, e dessa
forma foi investigado se polimorfismos nesses genes estdo associados com a parasitemia ma malara wivai
Investigamos se polimorfismos em genes de ciocinas estdo associados com a parasitemia na malara vivax em
pacientes provenienies do municipio de Goianésia do Pard no sudoeste Paraense. Foram investigados 83 pacientes
com malara vivax & 30 individuos ndo-malaricos. Cuatro SNPs foram analisados por PCR-RFLP nos genes IFN-
gama, TNF-affa e IL-10. A parasitemia foi determinada por contagem do nimero de parasitos por microliro de sangue.
Associagdo enfre os gendtipos e densidade parasitana foi determinada pelo teste de Mann-Whitney, com nivel de
significancia de 0,05, utlizando o software estatistico R Todos os SNPs foram testados em equilibrio de Hardy-
Weinberg. Foi observada associagio significativa (p=0,13) apenas entre gendtipo AA do SNP rs_1800872 no
gene IL10, na posigdo -392 & densidade parasitia média de 6.000 mm?. A IL-10 & uma citocina imunorregulatoria do
fipo 2, produzida no inicio da infecgiio por mondcitos & mais intensamente por linfocitos. Esta proteina modula os
efeitos das citocinas pro inflamatonias (IL-1, IL6, IL-8, IL-12, IFN-y e TNF-a ) produzidas por células do tipo TH1 & por
Iinfocitos TCDB com regulagdo negativa. Os resultados obfidos sugerem a pariicipacdo efetiva de genes humanos na
modulagdo da resposta imune & sua influéncia sobre a carga parasitana da malaria por Plasmodium vivax, essencials
no estabelecimento de estratégias de imunizagdo e controle da doenga, em area de fransmissdo atva localizada no
Estado do Para.
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APENDICE VI
13° Congresso Nacional de Iniciagao Cientifica CONIC-SEMESP (2013)

Orientacao de Trabalho

CONIC-SEMESP

13° Congresso Nacional de Iniciagao Cientifica

CERTIFICADO

Certificamos que ADRIANA ANTONIA DA CRUZ FURINI

participou como orientador(a) do trabalho ANALISE ENTRE O POLIMORFISMO -238G&GT:A NO GENE TNF-ALFA E A MALARIA
VIVAX EM REGIAO ENDEMICA DO BRASIL.

Area do Conhecimento:  CIENCIAS BIOLOGICAS E SAUDE
Subdrea: FARMACIA
Categoria: EM ANDAMENTO

no 13° Congresso Nacional de Iniciagao Cientifica CONIC-SEMESP, realizado nos dias 29 e 30 de novembro de 2013,
na Faculdade Anhanguera de Campinas — Unidade 3, em Campinas - SP, com carga horaria de duas horas na sess3o de apresentagdo.

Realizacdo: ' Apoio:

e

SE‘”ESP ﬂ Hermes Ferreira Figueiredo
‘l Anhanguera Presidente do Semesp
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APENDICE VI

63 rd Annual Meeting — The American Society of Tropical Medicine and Hygiene

(2014)

Resumo em Anais de Congresso

391

STUDY ON ASSOCIATION BETWEEN GENETIC
POLYMORPHIMS OF TUMOR NECROSIS FACTOR-A,
INTERLEUKIN-10, INTERFERON-I", AND MALARIA VIVAX IN
BRAZIL

Adriana A, Furini', Gustave C Cassano’, Francele M. Tomaz',
Marcela # Capobiano?, Marinete M. Povas’, Mxchele Ercinas®,

Diego L Mady', Pamella € Trindade’, Valeria 0. Fraga'. Luciana M
Conceigaa’,

Fouldada g Muediting e 530 J05¢ do Ao Preo, Sdo Jose do o
Hrota, Beaad, Unverialade Fstaduws! Paulata Sao Jose do Ko Preto
draz), "attuto Lrsndeo Chagas, $40 Jseé do Ro Sreta. Braxd, “Centro
Linneniaria 00 Ba Pretn, 550 And do R Frevo, Brad

PAglario 1 a merr cause of markedity and montakly in many epicsl and
suhtropical countries. In braa | the Aasmodium wras has been the maesl
peevalent speces, accaunti ng far appromately 33% of malare cases in
the brazilan amazon reqon, Despite of the chnical descriptons of the
Atoro Laused by P ey 5 woll descnbed, standards rogarding ruamoral
and cetiilar immune resporse, as well as the pattern of cytokines ae
scarce and not fully undarstaod. Palymomphsms in genes ca28, fny, tnfe
antd 110, that are encader malecules that interact in madidating pathways
of the calular and humoead mmune esponse, may influence the wastarce
nr suscentExhity tn malata. We had anaigzed 90 hiood campios from
PAURNIS Yl dvax malana diagnosed by malac far ang non-rmose Uty
techmgiess aod 54 fom non-rmalanisl and ak (rom goiandsa of para cily,
pord state, beazil Folymorphisms agenes 1110 (819 1, <552 ol iiny
(=183 g0, nfea -2389~3), and cd23 {-37202>8, 4 17L=C} wse analyzed
by PRCRAFLE All subyects weere gqenotyped waith 48 ancrstry informatese
msemon-deletion polymor phiyrs to determine the praportion of Adngan,
Europdan and Amenndan ancestry 10 avod bias due 1o differences
ancestry contnbutinns in malana éod noremalara goups Wi (sed the
fisher o5act test 10 megsure assoriation between ganatypes and malana
nfaction. Al polyrnarpbuseng wited wer in hgrdy-wenbierg equitinum
The Afncan, twropean ard natwe Amencan admixture aid not tffer
amang cases and comsh. No significant assocation wes found between
the polymomphisms ested and vivax malang and ran-malasal mdmdiats
Povahies m covdomanant, dominaest and recessive models were also
cakuloted and no significant assocaton was fournd. These firdings nake
us 10 haleve that the analyrod potymarphisme are not associated with
suscepthility or astance vath vwen malara in the stud ed population the
resulls wilbe fnahized by une 2016
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VIl BSCI - Extra Section of Clinical immunology

Certificate

ADRIANA ANTONIA DA CRUZ FURINI
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XXXIX Congress of the Brazilian Society of Inmunology 2014
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Apresentacdo de trabalho: poster
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BUZ10S 2014

XXXIX Congress of the SB|
Brazilian Society of Inmunology
WII ESCI - Exia Section of Clinical immundlogy
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Certificate

We hereby certify that the scientific papers entitied

PLASMODIUM VIVAX MALARIA IN THE PARA STATE: ASSOCIATION OF TNF-ALFA AND IL-10
POLYMORPHISMS WITH ANTIBODIES AGAINST PVAMA-1

2 with the authors
ADRIANA ANTONIA DA CRUZ FURINI; GUSTAVO CAPATTI CASSIANO; FRANCIELE MAIRA TOMAZ; MARCELA
PETROLINI CAPOBIANCO; PAMELLA CRISTINA ALVES TRINDADE; MICHELE ENCINAS; DIEGO LONGO MADI;
LUCIANA MORAN CONCEICAO; VALERIA DALTIBARI FRAGA: SIDNEY EMANUEL BATISTA DOS SANTOS:
MARINETE MARINS POVOA: RICARDO LUIZ DANTAS MACHADO.
was presented as POSTER
in the XXXIX Congress of the BmzﬁnSocietyoflnmnPlogyZOM

Bizlos - RY, Brazll, October 22, 2014,
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APENDICE X

Med Trop 2015 — 51° Congresso da Sociedade Brasileira de Medicina Tropical

Apresentacgao de trabalho: péster

14 a 17 de junho de 2015
Centro de Eventos do Ceara

MedTrop 2015 Fortaleza/CE - Brasil

Doangas Tropicais: 40 onsing o pracuiss 408 sarvicos da saide

51° Congresso da Sociedade
Brasileira de Medicina Tropical

CERTIFICADO

Certificamos que o trabalho

0S POLIMORFISMOS NOS GENES DAS CITOCINAS TNF-ALFA, IL-10 E IFN-GAMA PODEM INFLUENCIAR
NOS NIVEIS DE ANTICORPOS CONTRA MSP1-19 NOS PACIENTES COM MALARIA VIVAX?

Tendo como autores: Adriana Antonia da Cruz Furini, Gustavo Capatti Cassiano, Marcela Petrolini
Capobianco, Luciana Moran Conceigao, Valéria Daltibari Fraga, Maristela Gomes da Cunha, Ricardo Luiz
Dantas Machado,
foi apresentado no 51° Congresso da Sociedade Brasileira de Medicina Tropical - MEDTROP,
como Poster na categoria Doengas por profozoarios.

Fortaleza, 29 de maio de 2015.

~
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Peesidente da SBMT Presidente do Congresso Presidenta da Comiss2o Clentifica ; :
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APENDICE XI
Programa de P6s Graduagédo em Genética — UNESP/IBILCE

Discussao de Seminarios: Genética de Parasitos
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Belem, 15 de julhe de 2015

A quem possa interessar,

Declare para os devidos fins que a PROFA MsC ADRIANA ANTONIA
DA CRUZ FURIMI ministrou aula sobre "ASPECTOS DA RESPOSTA IMUME
HUMANA EM DOEMGAS CAUSADAS FOR PROTOZOARIOS" & participou
da discussao de seminarios na disciplina Geneética de Parasitos minisirada
no Programa de Pos-Graduagao em Genética na UNESPABILCE de S3o Jose
do Rio Preto.

Outressim, informo-vos que a discipling foi ministrada no periodo de
Z2052015 a 200052015 com carga horaria de 80 horas.

Sem mais, subsscrevo-me atencicsaments.

Ricardo Luiz Dantas Machado
Prof. Doutor e Livre-Docente em Parasitologia
Instituto Evandro Chagas/SVSMS
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APENDICE XII

FIOCRUZ — RIO DE JANEIRO

Treinamento em Citometria de Fluxo

FUNDACAO OSWALDO CRUZ
Instituto Oswaldo Cruz

Declaracio

Declaro para os devidos fins que a professora Adnana Antoma da Cruz fez um
tremamento no Laboratorio de Imunoparasitologia do Instituto Oswaldo Cruz,
Fiocruz, Rio de Janeiro, no periodo de 6 a 10 de julho de 2015. O treinamento foi
em citometna de fluxo para determunar a concenfragio de citocinas em amostras de

plasma

Atenciozamente,

S o b= e

Dra Joseli de Olivenra Ferrenra
Pesquusadora Titular
Laboratono de Inmoparasitologia
Instituto Oswaldo Cruz - Fiocruz
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APENDICE XIV

XIV Reunido Nacional de Pesquisa em Malaria (2015)

Apresentacgao de trabalho: péster
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Certificamos que o Trabalho n° PT.006 com o titulo:
“POLIMORFISMOS EM GENES DE CITOCINAS E A PRODUGAO DE
ANTICORPOS CONTRA PVDBP, AMA-1 E MSP119 EM
INDIVIDUOS NATURALMENTE INFECTADOS COM PLASMODIUM
VIVAX EM UMA AREA ENDEMICA DA AMAZONIA BRASILEIRA.",
de autoria de Furini AAC, Cassiano GC, Capobianco MP, Pévoa MM,
Carvalho LH, Kano FS, Soares |, Cunha MG, Machado RLD foi
apresentado como pdster na XIV Reunido Nacional de Pesquisa em
Malaria realizada de 30 de Setembro a 3 de Outubro de 2015 no Centro
de Convengdes Rebougas, Sdo Paulo - SP.
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Immunogenetic markers associated

with a naturally acquired humoral immune
response against an N-terminal antigen

of Plasmodium vivax merozoite surface
protein 1 (PvMSP-1)

Gustavo Capatti Cassiano'?", Adriana A. C. Furini?, Marcela P. Capobianco'?, Luciane M. Storti-Melo?,
Maria E. Almeida* Danielle R. L. Barbosa’, Marinete M. Pévoa®, Paulo A. Nogueira®
and Ricardo L. D. Machado'?®

Abstract

Background: Humoral immune responses against proteins of asexual blood-stage malaria parasites have been asso-
ciated with clinical immunity. However, variations in the antibody-driven responses may be associated with a genetic
component of the human host. The objective of the present study was to evaluate the influence of co-stimulatory
molecule gene polymorphisms of the immune system on the magnitude of the humoral immune response against a
Plasmodium vivax vaccine candidate antigen.

Methods: Polymorphisms in the CD28, CTLA4, ICOS, CD40, CD86 and BLYS genes of 178 subjects infected with P

vivax in an endemic area of the Brazilian Amazon were genotyped by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). The levels of IgM, total IgG and IgG subclasses specific for ICB2-5, i.e,, the N-terminal
portion of P vivax merozoite surface protein 1 (PvMSP-1), were determined by enzyme-linked immuno assay. The
associations between the polymorphisms and the antibody response were assessed by means of logistic regression
models.

Results: After correcting for multiple testing, the IgG1 levels were significantly higher in individuals recessive for
the single nucleotide polymorphism rs3116496 in CD28 (p = 0.00004). Furthermore, the interaction between CD28
rs35593994 and BLYS rs9514828 had an influence on the IgM levels (p = 0.0009).

Conclusions: The results of the present study support the hypothesis that polymorphisms in the genes of co-
stimulatory components of the immune system can contribute to a natural antibody-driven response against P vivax
antigens.

Keywords: Plasmodium vivax, MSP-1, ICB2-5, Immunogenetics, Antibodies

Background estimated 584,000 resulting deaths worldwide [1]. Among
According to the World Health Organization, there were  the five species that can cause malaria in humans, Plas-
an estimated 200 million cases of malaria in 2014 and an  modium vivax is the most widely distributed, accounting

for most of the cases of malaria in South and Southeast
- : : Asia, Latin America and Oceania; there are an estimated
e SO oo 25 illon people lving in areas at ik of transmisson
Preto, S30 Paulo, Brazil of the disease [1, 2]. Furthermore, although vivax malaria
Full list of author information is available at the end of the article
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has not been considered life-threatening for a long time,
reports of severe cases associated with P, vivax have been
increasingly numerous [3].

The blood stage of the Plasmodium lifecycle is respon-
sible for the pathology associated with malaria. In this
stage, merozoites released from schizont-infected eryth-
rocytes invade non-infected erythrocytes, resulting in
their destruction and the release of more merozoites into
the bloodstream. During this brief extracellular period,
these free merozoites are exposed to the host immune
system, and proteins that are critical for parasite invasion
are, therefore, important targets for the development of
malaria vaccines. Merozoite surface proteins (MSPs) are
among the most studied, especially MSP-1, which is nec-
essary for merozoite attachment to erythrocytes [4] and
normal parasite development [5].

The most widely accepted structure of the P. vivax mer-
ozoite surface protein 1 (PvMSP-1) gene indicates that it
consists of six polymorphic blocks (blocks 2, 4, 6, 8, 10
and 12) flanked by seven conserved blocks (blocks 1, 3, 5,
7,9, 11 and 13) [6]. By analysing the primary structure of
PvMSP-1, several seroepidemiological studies have been
performed to evaluate its immunogenic potential [7-11].
Although the C-terminal portion of the protein (PvMSP-
1,¢) is the most immunogenic [7, 9, 12], a number of
studies showed high prevalence of IgG against N-termi-
nal PvMSP-1 in individuals exposed to P vivax [9, 10,
13, 14]. Furthermore, specific IgG3 antibodies against
the N-terminal portion of PvMSP-1 have been associ-
ated with clinical protection in two riverine communities
of the Brazilian Amazon [9, 11], similar to that observed
in P. falciparum infection, where persistence of antibod-
ies IgG3 against N-terminal of MSP-1 was related with
prolongation time without malaria [15]. In fact, antibod-
ies specific for the asexual blood stage are thought to be
involved in clinical protection against malaria vivax. Lon-
gitudinal cohort studies have shown correlations between
magnitude of antibody responses to P vivax merozoite
antigens and protection from malaria [11, 16—18]. Due to
the inability in maintaining P. vivax in continuous in vitro
culture, it is difficult to define the role of antibodies to
this species, but few evidences support that it may be
related to inhibition of merozoite invasion [19, 20]. Fur-
thermore, complement and FcR mediated mechanisms
seem to be important in antibody-mediated protection
[21].

The development of an adequate immune response
depends on the fine regulation of lymphocyte activation.
For this, in general, lymphocytes require two activation
signals. The first signal is antigen-specific, whereas the
second signal, called co-stimulation, is generated by the
interaction between the surface molecules of T cells and
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those of antigen-presenting cells, including B cells. The
interaction between CD28 and its ligands, CD80 and
CD86, provides the strongest costimulatory signal for
T-cell proliferation, whereas CTLA-4 is a negative regula-
tor that plays a key role in T cell homeostasis and in cen-
tral tolerance [22]. Another member of the CD28 family,
Inducible co-stimulator (ICOS), is an important immune
regulatory molecule that participates in T-cell activation
and T-cell dependent B-cell responses [23, 24]. CD40 is
presented on the surface of B-cells and the CD40-CD40L
interaction is the major costimulatory signal for B cells to
mount a humoral response [25]. B lymphocyte stimulator
(BLYS) is produced mainly by innate immune cells and is
needed to provide signals for B cell survival and prolifera-
tion [26]. Considering the importance of these molecules
in development of immune response and because there
are currently multiple lines of evidence showing that the
genes involved in the immune response can influence
antibody production during malaria infection [27-34],
the authors hypothesised that polymorphisms in the
genes of the co-stimulatory molecules CD28, CTLA-4,
ICOS, CD86, CD40 and BLYS are involved in the magni-
tude of the naturally acquired antibody-driven response
against N-terminal PvMSP-1 in individuals infected with
P vivax in the Brazilian Amazon.

Methods

Study area and subjects

The present study was conducted in the municipality of
Goianésia do Pard, Pard state, Brazil, which is a constitu-
ent of the Brazilian Amazon region, where P vivax is
responsible for more than 80 % of all malaria cases [35].
Details of the study area have been described elsewhere
[36]. Cross-sectional surveys conducted from February
2011 to August 2012 were used to recruit 178 subjects
(125 men and 53 women) presenting with classic symp-
toms of malaria, who sought treatment at the medical
service of the municipality; the subjects had an average
age of 29.8 years (varying from 14 to 68 years). Exclusion
criteria included children under 10 years old, pregnancy,
related individuals and anti-malarial treatment within
the previous seven days. Diagnosis was performed by
microscopy (thick film), and infection with P vivax was
subsequently confirmed by nested polymerase chain
reaction (PCR) [37]. The geometric mean of parasiatemia
was 718.4 parasites/mm> (95 % CI 487.2-1059.2). All
patients with microscopically confirmed infections were
given standard treatment of 25 mg/kg of chloroquine in
3 days plus 0.5 mg/kg of primaquine during seven days.
All participants were submitted to a questionnaire to
obtain epidemiological information. The length of resi-
dence in the municipality varied between one month and
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37 years (median of 5 years), and 91.9 % of the individu-
als had previously contracted malaria. Samples from 40
malaria-naive individuals living in a non-endemic area
(Sao José do Rio Preto, Brazil), who had never been to
areas of malaria transmission, were used as controls.

Peripheral venous blood (~10 mL) was collected in
EDTA tubes, and plasma samples were obtained by cen-
trifugation and stored at —20 °C. The protocol of the
present study was approved by the Research Ethics Com-
mittee of the Medical School of Sdo José do Rio Preto
(CEP/FAMERP no. 4599/2011) and by the health author-
ities of the municipality of Goianésia do Para. All partici-
pants or their legal guardians signed an informed consent
form.

Genotyping

DNA was extracted from peripheral blood samples with
an Easy-DNATM extraction kit (Invitrogen, California,
USA). All single nucleotide polymorphisms (SNPs) were
genotyped by PCR-restriction fragment length poly-
morphism (RFLP). The SNPs —372G > A and +177 > C
in CD28 (rs35593994 and rs3116496, respectively),
—318C > T and +49A > G in CTLA4 (rs5742909 and
rs231775, respectively), +1564T > Cin ICOS (rs4404254),
+1057G > A in CD86 (rs1129055), —IC > T in CD40
(rs1883832), and —871C > T in BLYS (rs9514828) were
genotyped according to previously described protocols
[36, 38, 39]. Primer sequences, restriction enzymes, and
the restriction fragments obtained of each SNP are pre-
sented in Additional file 1. PCR for the identification of
—1722T > C and —1577G > A in CTLA4 (rs733618 and
rs11571316, respectively) was performed with a final
sample volume of 25 pL containing 1X Buffer (20 mM
Tris-HCI pH 8.4, 50 mM KCl), 1.5 mM MgCl,, 0.2 mM
of each dANTP, 0.6 pmol of each primer, and 0.5 U Plati-
num Taq DNA Polymerase (Invitrogen, Sdo Paulo, Bra-
zil). The primers 5 CTTCATGCCGTTTCCAACTT 3/
and 5 CCTTTTCTGACCTGCCTGTT 3’ were used
for the —1722T > C genotyping, whereas 5 CTTCAT
GCCGTTTCCAACTT 3’ and 5 ATCTCCTCCAGGAA
GCCTCTT 3’ were used to identify —1577G > A. Ampli-
fications were performed under the following conditions:
first step of 5 min at 94 °C, 35 cycles for 30 s at 94 °C, 30 s
at 52 °C and 1 min at 72 °C, and a final step for 10 min at
72 °C. The PCR products of —1722T > Cand —1577G > A
were digested with the enzymes Bbvl and Mboll (Fer-
mentas, Vilnius, Lithuania), respectively. Electrophoresis
was performed in 2.5 % agarose and stained with Gel-
Red™ (Biotium, Hayward, USA) with the exception of the
rs5742909 and rs1883832 SNPs, which were performed
in 12.5 % polyacrylamide gel after staining with ethidium
bromide, and visualized in a UV transilluminator.
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Antigen and antibody determination

The glutathione-S-transferase (GST)-tagged recombinant
ICB2-5 protein corresponds to the amino acids 170-675
of the N-terminal portion of MSP-1 from the Belém strain
of P vivax. The ICB2-5-GST fusion protein was puri-
fied on a glutathione-Sepharose 4B column (Amersham
Pharmacia), and the protein content was assessed with
the Bio-Rad Protein Assay Kit I (Bio-Rad Laboratories,
Inc.) [7]. The levels of IgM and IgG subclasses specific
for ICB2-5 were measured as described previously with
some modifications [7]. The plates were coated with GST-
tagged ICB2-5 and GST alone, and all tests were done in
duplicate. Briefly, 50 pL of ICB2-5-GST or GST alone (as
a control) was coated on ELISA plates at 4 ug/mL (Costar,
Corning Inc., New York, USA) and incubated overnight
at 4 °C. After washing and blocking the plates with 0.05 %
bovine serum albumin-PBS, 50 pL of plasma diluted
1/100 was added to the wells in duplicate and incubated
for 1 h at 37 °C. Then, 50 pL of peroxidase-conjugated
anti-human IgG or IgM antibodies (KPL, Maryland, USA)
diluted 1/1000 were added to each well for the detection
of total IgG or IgM, respectively. IgG subclasses were
detected using mouse monoclonal antibodies specific
for each isotype (Sigma, Missouri, USA), diluted accord-
ing to the tested subclass (1/3000 for IgG1 clone HP6001;
and IgG3 clone HP6050, 1/2500 for IgG2 clone HP6014,
and 1/5000 for IgG4 clone HP6025). The immobilized
monoclonal antibodies were detected with peroxidase-
conjugated anti-mouse antibodies for 1 h at 37 °C (Sigma,
Missouri, USA). Subsequently, the plates were washed
and developed in the dark with 50 uL. TMB substrate
diluted 1/50 with 0.1 M phosphate-citrate buffer, pH 5.0,
containing 0.03 % H,O,. The reaction was interrupted
after 10 min by adding 50 pL of 2 N H,SO, to each well
and read at 450 nm. The determination of positivity for
anti ICB2-5 was calculated as described previously, with
some modifications [9]. Brief, firstly the average OD was
calculated for each individual, and serum was considered
positive if GST-tagged ICB2-5 OD was equal to or greater
than cut off for this same protein, measured with sera of
individuals who never had a past history of malaria. To
confirm the positivity of a serum for anti ICB2-5, the aver-
age of GST-tagged ICB2-5 OD was calculated to exclude
reactivity against GST. For each serum, the GST-cut
off was calculated as average of GST OD plus twice the
standard deviations (SD). The positivity for anti ICB2-5
was determined when average of GST-tagged ICB2-5 OD
was equal to or greater than its GST-cut off. The results
are expressed as the reactivity index (RI), which was cal-
culated by dividing the OD of the sample by the cut-off
value. Only the samples that were positive for total IgG
(RI > 1) were tested for IgG subclasses.
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Statistical analysis

The associations between the SNP genotypes and the
antibody response were analysed by means of a logistic
regression model, controlling for potential confound-
ers, such as age and gender. Different genetic models
(codominant, dominant, recessive and log-additive) were
tested with the ‘SNPSassoc’ package [40] implemented
for the R statistical software (version 3.1.1). A Bonfer-
roni correction was used to adjust for multiple testing,
and the significance was set at p < 0.005 (0.05/10). The
sample size was calculated using GWAPower software
[41]. The current sample size (n = 178) had 80 % power
to detect a variant with about 6 % heritability. Since only
90 samples were assessed for IgG subclasses, the power
to detect the same heritability was about 42 %. Geno-
typic deviations from the Hardy—Weinberg equilibrium
(HWE) were evaluated by using the exact test described
by Wigginton et al. [42]. Statistically significant differ-
ences between the means of continuous variables were
assessed with one-way analysis of variance (ANOVA).
Correlation coefficients of the antibody levels were esti-
mated with the Pearson correlation. Interactions between
SNP pairs were also assessed with the ‘SNPassoc’ pack-
age, which determines the effects of interaction by means
of log-likelihood ratio tests (LRTs).

Haplotype blocks were determined with Haploview
4.2 using the solid spine of linkage disequilibrium (LD)
method [43], and the degree of LD between SNPs was
estimated with the D’ parameter. The R package ‘haplo.
stats’ [44] was used for association tests between hap-
lotypes and antibody levels by means of the ‘haplo.glm’
function, which performs a regression that estimates the
effect of each haplotype compared to a reference haplo-
type by means of a general linear model.

Results

Serological data and single-marker associations

Of the 178 subjects analysed, all infected with P vivax,
90 (50.6 %) exhibited IgG (RI > 1), whereas 53 (29.8 %)
exhibited IgM specific for ICB2-5. The antibody levels
were higher for IgG1 (mean = 1.08) compared to those
of the other subclasses (means of 0.91, 0.79 and 0.79 for
IgG2, IgG3 and IgG4, respectively) (p < 0.001, ANOVA).
The highest correlations between levels of IgG subclasses
were found for IgG1 and IgG2 (r = 0.48) and IgG1 and
IgG3 (r = 0.43) (Additional file 2). The levels of ICB2-
5-specific antibodies were not influenced by previous
exposure to malaria (age, length of residence in the stud-
ied area, and previous episodes of malaria) (Additional
file 3), except for IgG2, which exhibited higher levels in
individuals who reported to have had less than five previ-
ous episodes of malaria, compared to those who reported
to have had more than five previous episodes [mean
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(confidence interval): 0.97 (0.84-1.10) vs. 0.88 (0.76—
0.99), p = 0.01, ANOVA].

The allelic and genotype frequencies of all the analysed
SNPs are listed in Table 1 and Additional file 4. The allele
frequencies of these SNPs were previously presented in
a larger set of samples (with exception of SNPs rs733618
and rs11571316) [45]. The success rate of SNP genotyp-
ing was 100 % for eight of the studied SNPs, whereas
rs733618 and rs11571316 were successfully genotyped in
88.2 and 82 % of the samples, respectively, and no devia-
tion from HWE was observed (all p value >0.1). A sum-
mary of the statistics for all the evaluated SNPs is listed
in Table 1 and Additional file 4. There is not significant
association between the polymorphisms and parasi-
taemia (all p value >0.07, Kruskal-Wallis test, data not
show). Three SNPs were significantly associated with
the humoral immune response against P vivax ICB2-
5. IgM levels were associated with rs35593994 in CD28;
individuals with the GG genotype had lower antibody
levels (mean 0.67 vs. 0.88, p = 0.03). Based on a reces-
sive model, individuals with a CC genotype for rs3116496
in CD28 exhibited higher IgG1 levels with respect to
the other genotypes (mean 3.13 vs. 1.04, p = 0.00004).
Individuals with a TC genotype for rs733618 in CTLA4
exhibited higher IgG2 levels with respect to homozy-
gous individuals (mean 1.18 vs. 0.87, p = 0.04). However,
after correction for multiple testing, only association that
remained significant was the one with CD28 (re3116496).

Linkage disequilibrium analysis and haplotype association
Linkage disequilibrium analysis was performed for all
possible pairwise combinations of seven SNPs that were
analysed across 255 kb in the 2q33 chromosomal region,
which encompasses CD28, CTLA4 and ICOS. Two hap-
lotype blocks were defined using the criterion described
by Barret et al. [43] (Fig. 1). Three haplotypes of block 1,
which contains rs35593994 and rs3116496 in CD28, were
built, with frequencies varying between 18.5 and 52.2 %,
and for block 2, which contains rs733618, rs11571316
and rs5742909 in the promoter region of CTLA4, four
haplotypes were built, with frequencies varying between
6.3 and 51.8 %. The effects of each haplotype on the anti-
body levels were estimated and are shown in Table 2. The
AT haplotype in block 1 was significantly associated with
a 20 % increase in IgM levels (p = 0.027) with respect to
the reference haplotype (specifically, the most frequent
haplotype, i.e., CT). However, no association remained
significant after correction for multiple testing.

Interaction analysis

Using the R project package ‘SNPassoc’ [40], the study
explored all pairwise SNP—SNP interactions under the
codominant model. These interactions are represented
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Table 1 Levels of Plasmodium vivax ICB2-5-specific IgM, IgG and IgG subclasses with respect to the analysed genotypes
from individuals infected with P. vivax

SNP Gene Genotypes Geanotypes Gebnotypes 1gG (RI) 1gG1 (RI) 19G2 (RI) 19G3 (RI) 1gG4 (RI) IgM (RI)

(n?) (n®)
1535593994 (D28  GG/GA/AA 86/80/12 42/39/8 1.02/1.03/1.11 1.11/1.10/089  0.92/0.93/0.80  0.76/0.86/0.64 0.77/0.83/0.74  0.66/0.86/1.13¢
rs3116496 cp28  TT/TC/CC 118/54/6 60/27/2 1.04/1.02/091 1.06/0.98/3.13%  0.91/0.92/095 082/0.72/0.75 0.82/0.75/0.67  0.83/0.70/0.65
1s733618 CTLA4  TT/TC/CC 135/20/2 72/7/1 1.06/0.89/1.05 1.11/0.97/0.81  0.87/1.18/0.64° 0.80/0.66/0.57 0.80/0.68/0.62  0.82/0.72/125
rs11571316  CTLA4  GG/GA/AA 59/75/12 29/39/4 1.04/1.03/0.97  1.17/1.10/0.84  0.96/0.95/0.68 0.74/0.86/0.56  0.73/0.82/0.66  0.81/0.75/0.79
155742909 CTLA4  CC/CT/TT 151/27/0 75/14/0 1.15/1.01/- 1.04/1.29/- 0.91/0.93/- 0.80/0.76/- 0.80/0.78/— 0.79/0.78/-
15231775 CTLA4  AA/AG/GG 75/84/19 40/41/8 1.07/1.00/1.01  0.96/1.22/0.98 0.87/0.98/0.82 0.78/0.82/0.70 ~ 0.79/0.79/0.81  0.79/0.75/0.89
1s4675378 1COS TT/TC/CC 77/73/27 35/38/16 1.00/1.05/1.09 1.08/1.12/0.99  0.86/0.94/096 0.73/0.90/0.67 0.80/0.78/0.80  0.80/0.73/0.85
151129055 CD86  GG/GA/AA 110/60/8 53/31/5 1.00/1.08/1.15  1.08/1.09/1.06  0.93/0.90/0.93 0.78/0.82/0.70 ~ 0.82/0.76/0.70 ~ 0.81/0.73/0.90
rs1883832 Cb40  CC/CT/TT 135/37/6 65/20/4 1.01/1.06/125  1.11/1.03/0.86  0.92/0.95/0.68 0.81/0.77/0.65 0.81/0.75/0.79  0.80/0.69/1.13
rs9514828 BLYS cc/cT/rT 103/62/13  48/35/6 0.99/1.07/1.15 0.99/1.23/0.98 0.91/0.94/0.83  0.82/0.69/1.11 0.76/0.81/0.92  0.73/0.83/0.95

a

b

c

d

e

Number of individuals evaluated for ICB2-5-specific IgM and total IgG (n = 178)
Number of individuals evaluated for ICB2-5-specific IgG subclasses (n = 90)
Significant according to the dominant model (p = 0.033)

Significant according to the recessive model (p = 0.00004)

Significant according to the overdominant model (p = 0.042)
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Fig. 1 Linkage disequilibrium of investigated polymorphisms in
region 2433, which comprises genes CD28, CTLA4 and ICOS. The num-
bers within the squares represent the D'value, expressed as per cent.
Empty squares represent a D'value of 1, which indicates complete
linkage disequilibrium. Darker-shaded squares represent pairs with an
LOD score = 2, light grey squares represent D'= 1 and LOD < 2, and
white squares represent LOD < 2 and D'< 1. Two blocks were identified
by means of the solid spine of linkage disequilibrium method [37].
Linkage Disequilibrium map was generated by Haploview 4.2

graphically in Fig. 2, in which the upper part contains
the p values for the interaction LRT. Although several
significant associations involving rs3116496 in CD28
and other SNPs (rs1129055, rs5742909 and rs231775)
with IgG1 levels were observed, the level of significance
was below that found for rs3116496 individually (all
p values >0.0001). However, the interaction involving
rs35593994 in CD28 with rs9514828 in BLYS was associ-
ated with the IgM levels (p = 0.0009). A regression anal-
ysis was performed to confirm this interaction, and the
results of significant associations involving the above two
SNPs are listed in Table 3.

Discussion

The main strategies used for malaria control are based
on prompt diagnosis and treatment and on vector con-
trol. However, new resistant parasite strains arise as new
drugs are applied, and vector control is also encountering
great challenges due to the growing resistance to insec-
ticides, thus justifying research on the development of a
vaccine that is effective against malaria. Characterisation
of the naturally acquired immune response in different
populations is a useful tool for the identification of mol-
ecules that can be targeted by anti-malarial vaccines.

The present study was to evaluate the naturally
acquired immune response against the N-terminal por-
tion of PvMSP-1. Although the C-terminal portion
(MSP-1,,) is considered to be the most immunogenic
region of the protein [7, 9, 12], there is evidence sug-
gesting that antibodies targeting the N-terminal portion
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Fig. 2 Interaction between SNPs in the codominant model. The diagonal contains the p values of the likelihood ratio test (LRT) for the effect of
each SNP individually. The upper triangle in the matrix contains the p values for the interaction log-LRT. The lower triangle contains the p values from
LRT comparing the two-SNP additive likelihood to the best finding of the single-SNP model [35]

Table 3 Significant interactions between the SNPs
rs35593994 and rs9514828 and the levels of IgM specific
for ICB2-5

CD28 BLYS IgM AP 95%Cl p¢

(rs35593994) (rs9514828) (RI?)

GG CcC 0.503  Reference

GG cT 1025 0523 (0.195- 0.002
0.850)

GA CcC 0916 0413 (0.126- 0.005
0.702)

GA T 1441 0939 (0.395- 0.0009
1.483)

2 Antibody levels are expressed as the mean of the reactivity index (RI)
b Difference of the Rl mean

¢ Based on a logistic regression model using individuals exhibiting wild type
genotypes (GG and CC) as a reference

of MSP-1 provide clinical protection during infections
with both P, falciparum [46, 47] and P. vivax [9, 11]. The
results of the IgG-mediated humoral immune response
showed that ICB2-5 was detected by just over half of the
studied individuals (50.6 %). This prevalence of respond-
ers is similar to that found in individuals infected with P
vivax in other places of the Brazilian Amazon [8, 11]. A
small percentage (~10 %) of the individuals who reported
having had several previous episodes of malaria exhibited
high IgM levels, but no IgG was evidenced, suggesting
that class switching from IgM to IgG may be impaired.
This observation has been reported in previous studies
[8, 48], and Soares et al. [8] suggested that this impaired
switch from IgM to IgG may be related to deficient
CD40/CD40-L interactions. Thus, the authors evaluated
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whether co-stimulatory molecule gene polymorphisms
are involved in the delayed class switch from IgM to IgG.
However, no association was observed.

Regarding IgG subclasses, higher levels of IgG1 were
found compared to the other IgG subclasses, which is
in contrast to previous studies showing a predominance
of IgG3 specific for ICB2-5 [8, 9, 11]. Although there is
still no consensus regarding the role of antibody sub-
classes in clinical protection, it has been suggested that
only the cytophilic subclasses, i.e., IgG1 and IgG3, are
protective [49, 50]. Two longitudinal studies performed
in the Brazilian Amazon, specifically, one in Portu-
chuello, near Porto Velho, and the other in a commu-
nity of Rio Pardo, Amazonas state, have observed that
ICB2-5-specific antibodies were associated with clini-
cal protection against malaria caused by P vivax and
that IgG3 was detected in all asymptomatic individuals,
whereas most symptomatic patients exhibited no IgG3
[9, 11]. If the above results were to be extrapolated to
Goianésia do Pard, the site of this study, the fact that a
passive collection was performed on patients exhibit-
ing symptoms could explain the low IgG3 levels found.
Furthermore, some studies have also shown that IgG2
may be associated with protection. Deloron et al. [51]
found an association between high IgG2 levels and low
risk of acquiring an infection by P. falciparum. Although
the design of the present study does not allow for the
association of the prevalence and levels of clinically
protective antibodies, higher IgG2 levels were observed
in subjects who reported having had fewer cases of
malaria.

The development of an immune response against Plas-
modium species is a complex process, and one of the
main issues is understanding why individuals differ in
their immune responses against the parasite. Thus, the
objective of the present study was to investigate the influ-
ence of co-stimulatory molecule gene polymorphisms on
the production of antibodies specific for an important
P, vivax vaccine candidate antigen. The most important
result was that CD28 rs3116496 was associated with lev-
els of IgG1 specific for ICB2-5. In addition to the impor-
tant role of CD28 in T cell activation, the binding of this
receptor to its ligands CD80 and CD86 on the surface of
B cells provides bidirectional signals that appear to be
important for IgG production by B cells [52]. Thus, CD28
may be involved in the immune response against malaria.
In fact, CD28 knockout mice infected with Plasmodium
chabaudi were unable to resolve the infection, main-
taining low levels of parasitaemia for weeks after infec-
tion [53, 54]. Furthermore, treatment of wild type mice
with monoclonal anti-CD86 antibodies abolished IL-4
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production and was significantly associated with reduced
levels of P. chabaudi-specific IgG1 [55].

In the present study, individuals exhibiting the T allele
for rs3116496 in CD28 were found to be associated with
reduced IgG1 levels. Although the biological functions
of this SNP, which is located in the third intron of the
gene, are still unknown, it is located near a splice site,
at which point mutations can induce abnormal splicing,
thus affecting protein expression [56]. The relationship
between rs3116496 in CD28 and susceptibility to several
diseases has already been evaluated, and significant asso-
ciations have been found in type 1 diabetes [57], cervi-
cal [58] and breast cancer [59], and rheumatoid arthritis
[60]. However, the role of this polymorphism in malaria
has not yet been assessed, and even if the presence of the
T allele, which is associated with lower levels of ICB2-
5-specific IgG1, were implicated in higher susceptibil-
ity to vivax malaria, further elucidation would still be
necessary.

Although it seems likely that immunity against malaria
is affected by several genes, the influence of combined
polymorphisms is rarely ever investigated. The present
study performed analyses of interactions between the
SNP pairs and found that CD28 rs35593994 and BLYS
rs9514828 together were associated with levels of IgM
specific for ICB2-5, especially in individuals with GA
and TT genotypes, respectively. Specifically, they were
associated with a ~180 % increase in IgM levels com-
pared to that of wild type genotype individuals. Although
the biological mechanisms underlying this interaction
are still unknown, CD28 and BLyS may be involved in
the production of memory B cells and antibody isotype
class switching [61, 62]. Both polymorphisms, i.e., CD28
rs35593994 and BLYS rs9514828, are located in the 5’
regulatory region of the gene; thus, differential expres-
sion of these genes may change the regulation of the B
cells involved in the production of ICB2-5-specific anti-
bodies. Liu et al. [63] have shown that despite the genera-
tion of memory B cells as a response to vaccination with
MSP-1,,, the function of these cells was nullified due to
a lack of BLyS expression in dendritic cells from mice
infected with P. yoelii.

Although it was observed the influence of these two
SNPs in the antibody response to ICB2-5, most of the
evaluated polymorphisms did not show any significant
differences. In fact, variations in the immune response to
malaria can be attributed to several factors, including the
environment, previous exposure to malaria and immuno-
genicity of antigen. Thus, as a complex trait, it is likely that
many polymorphisms have small effect in malaria immune
response, but large sample size is required to detect it.

93


Adriana
Texto digitado
93


Cassiano etal. Malar J (2016) 15:306

Conclusions

In summary, several genes involved in the control of
the immune response were investigated, entailing the
production of antibodies against a P. vivax vaccine can-
didate antigen. Despite the growing number of stud-
ies evaluating human genetic factors that control the
immune response to malaria [27-34, 64], it is likely
that many genes responsible for the wide inter-individ-
ual variation observed in the immune response against
malaria remain unknown; studies similar to the present
work may help identify subjects who are more prone to
respond to a specific vaccine [29]. Although the statis-
tical evidence supporting the described associations is
limited by the relatively small sample size and, although
it is impossible to tell whether the SNPs studied here
are truly causal or are in LD with the causal variants,
the results suggest that genetic variations in CD28 and
interactions between polymorphisms in BLYS and CD28
may be involved in the control of the immune response
against vivax malaria.
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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 poly-
morphisms in 7 genes (CD28, CTLA4, ICOS, CD86, CD40, CD40L and 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 other SNPs and haplotypes studied. Our findings reinforce the need to apply AIMs in
genetic association studies involving these polymorphisms in the Brazilian population.
© 2015 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.
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1. Introduction antigenic peptide presented by a major histocompatibility complex

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

The development of an immune response depends on a com-
plex 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
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e Parasitarias, Faculdade de Medicina de S3o José do Rio Preto, Avenida Brigadeiro
Faria Lima, 5416, Sdo José do Rio Preto, Brazil.

E-mail address: gcapatti@hotmail.com (G.C. Cassiano).
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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 sig-
naling, also indirectly acts on T cell activation, but this signaling

0198-8859/© 2015 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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pathway is critical to B lymphocyte activation and so, in the devel-
opment of the humoral immune response. Another molecule, BLyS,
expressed on the surface of T cells and also in soluble form, mod-
ulates the survival and proliferation of B cells through three differ-
ent 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 modula-
tion of gene expression of co-stimulatory molecules can influence
the development of several diseases. In recent years, several stud-
ies have shown associations between polymorphisms in co-
stimulatory genes and diseases [3-14]. However, studies in differ-
ent populations have failed to reproduce the results [15-19]. One
of the reasons may be due to variable allele frequencies in different
populations, which result in a lack of statistical power. For exam-
ple, geographical gradients in the distribution of CTLA4 alleles have
been well documented [20]. Population structure also has been
presumed to cause many of the unreplicated disease-marker asso-
ciations 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 Euro-
peans, 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 [21,22]. Some studies have shown that the distri-
bution of pharmacogenetic polymorphisms in the Brazilian popu-
lation is best characterized using ancestry informative markers
(AIMs) instead of self-declaration of ethnicity [23,24]. 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 dis-
tributed across seven co-stimulatory genes (CD28, CTLA4, ICOS,
CD86, CD40, CD40L and BLYS) and assess the impact of Brazilian
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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 Para
(03°50'33” S; 49°05’49"W), located in the southeastern region of
the State of Para 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 Sdo José do Rio Preto
(FAMERP 45992011). The DNA was extracted from peripheral
blood samples using the Easy-DNA™ extraction kit (Invitrogen, Cal-
ifornia, 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 gene; rs5742909 and
1s231775 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 pL contain-
ing 1x Buffer (20 mM Tris-HCI pH 8.4, 50 mM KCl), 1.5 mM MgCl,,
0.2 mM of each dNTP, 0.4 pmol of each primer and 0.5 U of Taq
DNA Polymerase Platinum (Invitrogen, Sdo Paulo, Brazil). Amplifi-
cations were made in a MasterCycler DNA thermal cycler (Eppen-
dorf, Hamburg, Germany) under the following conditions: an initial
step of 5 min at 94 °C, 35 cycles of 30 s at 94 °C, 30 s at an anneal-
ing temperature depending on the primer and 1 min at 72 °C, and a
final step of 10 min 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

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

SNP Gene Location Primer 5'-3' (forward) Primer 5'-3’ (reverse) Annealing Restriction ~ Fragments
(Chromosome temperature enxyme length (pb)
region) (°C)

rs35593994 (D28 (2q33) 204570826 TTCTCATTCTGTTGCCCTGGC CACCATCCCCTTAGGGCACAT 62 Hinfl G: 468 +78

A: 546

rs3116496 (D28 (2q33) 204594512 GAAACACCTTTGTCCAAGTC CTCAATGCCTTCTGGGAAATC 52 Acil T: 333

C: 193 + 140
rs5742909  CTLA4 (2q33) 204732347 GGGATTTAGGAGGACCCTTG GTGCACACACAGAAGGCACT 48 Msel C: 244

T: 179 +65
rs231775 CTLA4 (2933) 204732714 CTGAACACCGCTCCCATAAA CACTGCCTTTGACTGCTGAA 50 Bbvl A: 215

G: 159 + 56
1s4404254  ICOS (2q33) 204819570 TTACCAAGACTTTAGATGCTTTCTT GAATCTTTCTAGCCAAATCATATTC 55 Alul T: 385 +339

+99

C: 339 +289

+99 +96
rs1129055 (D86 (3q21) 121838319 CTGTTCCAATGGCAACCTCT GGTTGCCCAGGAACTTACAA 56 CviKI-1 G:79+75

+58 +54

A: 154 +58

+54
rs3092945  CD40L (Xq26) 135729609 ATCTTCACAGCAACCTAC CACTAAACTCAATGAAAGCC 56 Lwel T: 251 +195

C: 446
rs1883832 (D40 (20q12- 44746982  GAAACTCCTGCGCGGTGAAT GAAACTCCTGCGCGGTGAAT 56 Styl C: 133 +96

ql3.2) +74

T: 207 + 96

rs9514828  BLYS (13q32- 108921373 TGGCTCTTGTGTGATCAAGG GCCTGGTCTCAGC CTG 50 Mbil C: 162 +48
q34) T: 210

Chromosome positions were referred to the sequence of NCBI database (GRCh37).
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European®

Amerindian®

838

Table 2

Genotypic frequencies and proportion of the African, European and Amerindian ancestry according to genotype.
Genotypes Frequency (%) African®
1s35593994 n=273
G/G 46.7 0.309 (0.29-0.33)
G/A 458 0.320 (0.30-0.34)
AlA 7.5 0.333 (0.29-0.37)
p 0.54
rs3116496 n=273
T|T 65.0 0.317 (0.30-0.33)
T/C 32.0 0.311 (0.29-0.33)
C/C 3.0 0.349 (0.27-0.42)
p 0.67
rs5742909 n=271
c/C 0.84 0.317 (0.30-0.33)
C/T 0.16 0.310 (0.27-0.35)
p 0.91
15231775 n=272
AlA 41.0 0.317 (0.30-0.34)
AlG 49.0 0.313 (0.30-0.33)
G/G 9.0 0.335 (0.28-0.39)
p 0.65
154404254 n=269
T|T 444 0.301 (0.28-0.32)
T/C 423 0.314 (0.29-0.33)
c/C 133 0.371 (0.33-0.41)
p 0.003
rs1129055 n=272
G/G 61.9 0.322 (0.30-0.34)
G/A 34.0 0.301 (0.29-0.33)
AlA 4.1 0.278 (0.20-0.35)
p 0.34
rs1883832 n=272
c/C 73.6 0.319 (0.30-0.33)
C|T 22.6 0.301 (0.28-0.33)
T/T 3.8 0.301 (0.22-0.40)
p 0.81
rs9514828 n=271
c/C 55.3 0.320 (0.30-0.34)
C|T 37.9 0.317 (0.30-0.34)
T/T 6.8 0.289 (0.23-0.35)
D 0.54
rs3092945
Women n=92
T|T 78.0 0.300 (0.27-0.33)
T/C 18.7 0.326 (0.27-0.38)
C/C 33 0.408 (0.07-0.74)
p 0.22
Men n=180
T 90.0 0.314 (0.30-0.33)
C 10.0 0.373 (0.30-0.44)
p 0.02

0.445 (0.42-0.47)
0.440 (0.42-0.46)
0.394 (0.35-0.44)
02

0.434 (0.42-0.45)
0.453 (0.43-0.48)
0.380 (0.28-0.48)
02

0.439 (0.42-0.45)
0.435 (0.39-0.48)
0.95

0.432 (0.41-0.45)
0.441 (0.42-0.46)
0.453 (0.40-0.51)
0.68

0.447 (0.42-0.47)
0.445 (0.42-0.47)
0.394 (0.36-0.43)
0.054

0.426 (0.40-0.44)
0.459 (0.44-0.48)
0.459 (0.36-0.56)
0.09

0.436 (0.42-0.45)
0.450 (0.42-0.48)
0.434 (0.38-0.50)
0.72

0.432 (0.41-0.45)
0.447 (0.42-0.47)
0.450 (0.38-0.52)
0.60

0.453 (0.42-0.48)
0.395 (0.34-0.45)
0.424 (0.18-0.67)
0.18

0.446 (0.43-0.46)
0.368 (0.30-0.44)
0.008

0.246 (0.23-0.26)
0.239 (0.22-0.26)
0.273 (0.24-0.31)
0.33

0.248 (0.23-0.26)
0.235 (0.21-0.26)
0.271 (0.18-0.37)
0.44

0.243 (0.23-0.26)
0.255 (0.22-0.29)
0.93

0.251 (0.23-0.27)
0.246 (0.23-0.26)
0.212 (0.18-0.23)
0.17

0.252 (0.23-0.27)
0.240 (0.22-0.26)
0.235 (0.20-0.27)
0.53

0.251 (0.24-0.27)
0.231 (0.21-0.25)
0.263 (0.20-0.32)
0.2

0.245 (0.23-0.26)
0.241 (0.22-0.27)
0.258 (0.21-0.31)
0.87

0.248 (0.23-0.26)
0.236 (0.22-0.25)
0.261 (0.21-0.31)
0.47

0.247 (0.23-0.27)
0.279 (0.24-0.32)
0.169 (0.08-0.23)
0.10

0.240 (0.22-0.26)
0.259 (0.20-0.32)
0.42

Bold value indicates p < 0.05.
¢ Ancestry expressed as mean (95% CI).

after staining with 2% GelRed™ (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 diges-
tion of each polymorphism are shown in Table 1. The digestion
products were stained with 2.5% GelRed™ (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 standard-
ized and validated [25]. The markers were selected employing two

main criteria: significant differences in allele frequencies between
Africans, Europeans and/or Amerindians (>40%) and located on
different chromosomes or in distant physical regions when on
the same chromosome. Estimation of the parental ancestry of the
Brazilian samples was performed considering three parental popu-
lations, which was evaluated by Santos et al. [25]: Africans (from
Angola, Mozambique, Zaire, Cameroon, and the Ivory Coast), Euro-
peans (mainly Portuguese), and Native Americans (individuals
from indigenous tribes of the Brazilian Amazon region). 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 pri-
mers as well as the conditions of cycling and of capillary elec-
trophoresis are described by Santos et al. [25].


Adriana
Texto digitado
99


Adriana
Texto digitado


100

G.C. Cassiano et al./Human Immunology 76 (2015) 836-842 839

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 [26]. Using this package, devi-
ations 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 [27]. 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 [28]. 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 Supplementary Table 1.

Variance analysis used to test the difference of each ancestry
between the different genotypes demonstrated that the mean pro-
portions 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,
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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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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).

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 Fig. 1, show that the chance of having
at least one T allele for the rs3092945 of the CD40L gene continu-
ously decreases as African ancestry increases (p-value = 0.008).
Furthermore, the chance of having this allele increases as the Euro-
pean 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 (Supple-
mentary Table 2).

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 3). 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 ances-
try. A 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 pre-
sented a significant association with European ancestry. However,

Table 3
Haplotype frequencies and association with African, European and Amerindian
ancestry.

African European Amerindian
Haplotype® Frequency” hap. p hap. p hap. p

score® score® score®
GTCGT 0.193 -2.06 0.03 218 002 -029 0.77
GTCAT 0.153 -1.64  0.09 046 064 137 017
ATCAT 0.136 -1.13 0.25 017 085 1.09 027
GTCAC 0.102 1.08 027 -0.66 050 -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 0.051 226 002 -1.07 028 -1.41 0.15
GCCAT 0.050 1.15 024 -0.55 058 -0.69 048
GCCAC 0.044 -029  0.77 044 065 -024 0.80
ATCGT 0.032 0.07 0.93 016 087 -026 0.78
ATCGC 0.027 257 001 -1.62 0.10 -0.92 0.35
GCCGT 0.024 0.50 061 0.62 053 -130 0.19
GTTAT 0.008 - - - - - -
GCTAC 0.007 - - - - - -
ATTAC 0.006 - - - - - -
ACTGC 0.002 - - - - - -
ATTGC 0.002 - - - - - -
GCCGC 0.002 - - - - - -

2 Order of variants in haplotype is as follows rs35593994, rs3116496, rs5742909,
1s231775, rs4404254.

b Estimated frequency of each haplotype in the population.

¢ The score for the haplotype, which is the statistical measurement of association
of each specific haplotype with the trait.

Amerindian

{ Bt

African European

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.

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 Para
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 aver-
age 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 Fig. 2. There
were no significant differences in the proportions of genomic
ancestry between males and females (Mann-Whitney test, all p-
value > 0.14).

4. Discussion

Analysis using AIMs demonstrates that the population of
Goianésia do Para, 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 this study was higher than other populations of the
northern region of Brazil with contributions ranging from 12% to
25%[25,29,30]. This variation might be explained by the large pres-
ence 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 [21].

We report that ICOS, CD40L, and CD86 polymorphisms were
associated with genomic ancestry. In fact, according to available
data from 1000Genomes project, the T allele frequency for
rs4404254 SNP in the ICOS gene is lower in populations of African
origin [31]. 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 avail-
able data which show a lower prevalence of this allele in African
populations compared to Europeans, specifically Italians and Iberi-
ans, who were the largest source of Brazilian immigration [31].
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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 [32-
34], but information about the frequency of this SNP in other pop-
ulations are scarce. Our results are in accordance with data which
report a higher frequency of the allele in the European population
compared to an African population [31]. Beltrame et al. [35] eval-
uated 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 fre-
quencies 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
(Supplementary Table 1). Differences were only found with the
1s3116496 and rs1883832 SNPs [36,37]; 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 [21,22]. 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 Para, which could thus
explain the absence of any association of these polymorphisms
with ancestry in our study.

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. [38], 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. [39]
demonstrated differences in the distribution of haplotypes of the
CD28, CTLA4 and ICOS genes between different geographical popu-
lations, the intense process of miscegenation of the Brazilian pop-
ulation may have eliminated patterns of linkage disequilibrium in
parental populations and changed the haplotype frequencies.

Information on genotype and allele frequencies, as well as esti-
mates 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 ICOS, CD40L, and CD86 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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APENDICE XVI

Polimorfismos no gene CD28

-372G/A4

M:Ladder de 100 pb

PSRRI

Famxas 3.4, 7.8 : GA (546, 468, 78 ph)
Faixa 3: AA (546 pb)

B B g o

MN:I adder de 50 pb

Faixas 1.3. 4 e 5: IT (333 pb)
Faixa 2: TC (333, 193, 140 pb)
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APENDICE XVII

Polimorfismos no gene IFNG

-183G/T

M: Ladder de 100 pb.
Faixas1-9:GG (164 pb e 107 pb)

+874 (T/A)

M 1 2 3 4 5 617 '8

ASO-PCR

M: Ladder de 100 pb,
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APENDICE XVIII

Polimorfismos no gene da IL10

-819 C/T

Enzima: Rsel
M: Ladder de 100 pb.

Faixas 1,2 7 e8 : TC (270,217 ph)

Faixa 3: TT (270 ph)
Faixas 4-6 e 9- CC (217 ph)

-592 C/A

M: Ladder de 100 pb.

Faixas 1,2, 5 e 6 - CC (317 pb)
Faixas 3 e 4: CA (317,240 e 77 ph)



APENDICE XIX

Polimorfismos no gene TNFA

-1031T/C

L 1 z E] 4+ L3 L] T Ed g 129 11 12 1F 14 ¥ 12 17 18 19
Enzima: Bbsl
M: Ladder de 50 ph.
Faixas 1-3,5,6.9-11.15,17.19: TT (251 ph)

Faixas 4, 7.8,10, 12-14, 18: TC (251 e 180 ph)
Faixa 16: CC (180 e 70 ph)

-308G/A

M 1 2 3 4 5 &8 7 8 # 10 11 12 13 14 % 18 17 18

Enzima: Ncol
M: Ladder de 100 pb.

Faixas 1,6, 10,11 e 15: GA (147 e 126 ph)
Faixas2-5, 7-9, 12-14, 16-18: e 4 : GG (126pb)
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Polimorfismos no gene TNFA

-238G/A4

Enzima: Mspl
N Ladder de 100 pb.

Faixas 2-7: GG (133 ph)
Faixal, 8 e9: GA (153 e 133 ph)
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ANEXO |

Comité de Etica em Pesquisa: Utilizagéo de amostras

FACULDADE DE MEDICINA DE SAO JOSE DO RIO PRETO

Autarquia Estadual - Lei n. 8899 de 27/09/94
(Reconhecida pelo Decreto Federal n.” 74.179 de 14/06/74)

Parecer n.° 407/2011

COMITE DE ETICA EM PESQUISA

O Protocolo CEP n° 4599/2011 sob a responsabilidade de
Ricardo Luiz Dantas Machado, com o titulo "Influéncia de polimorfismos em
genes associados na produgdo de anticorpos contra diferentes antigenos
candidatos a vacina em individuos com Maldria Vivax no Estado do Pard" esta
de acordo com a Resolugdo do CNS 196/96 e foi aprovado por esse CEP.

Lembramos ao senhor(a) pesquisador(a) que, no cumprimento da
Resolucdio 251/97, o Comité de Etica em Pesquisa em Seres Humanos (CEP)
devera receber relatérios semestrais sobre o andamento do Estudo, bem
como a qualquer tempo e a critério do pesquisador nos casos de relevancia,
além do envio dos relatos de eventos adversos, com certeza para

. — " N ; gy
conhecimento deste Comité. Salientamos\ainda, a necessidade de relatério

completo ao final do Estudo. |

Prof. Dr. Féfinando Batigdlia
Presidente CEP/F AMERP

N O OSSR

Av. Brigadeiro Faria Lima, 5416 - 15090-000 - S0 José do Rio Preto - SP - Brasil
Tel. (17) 3201-5700 - Fax (17) 3229-1777 - www.famerp.br
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ANEXO Il
Congresso: XVIII International Congress for Tropical Medicine and Malaria/
XLVIII Congresso of the Brazilian Societt of Tropical Medicine.

Formato: poster

XVIII International ~ XLVIII Congress of
Congress forTropical « the Brazilian Society
Medicine and Malaria  of Tropical Medicine

TV Braziian Annal Maeting of pplied Research on Chagas Disease, V) Brazifian Annual Meeting of Appled Research an Lishmasiasis s
1 LatinAmerican ongres on Travl Medicne

Certificate

This Is o certify that Caodanco M P Cassans GO Furm A A C StooMel LN Fraga V.0, Conoegdo L M. Mactaso RLL D
has ¢ XVIII International Congress for lmplcal \lcdmm and Malaria and XLVIII
(ongms of the Brazilian Society of Tropical Medicine. held in Rio de Janeiro from Septen

Poster presentation: Genetic poymorpisms of B-cel co-stmulatory molscuies among malaa vivax patients n
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ANEXO Il
ASTMH 61 st Annual Meeting — The American Journal of Tropical Medicine and
Hygiene (2012)

Resumo em Anais de Congresso

Abstract

o o =
[T = = o RO1
2 o 2 Lo <= NIH
a 2 S 54 ASTMH 61st
Travelers’ Health & TB L il W
a s Dengue ACAV November 11-15 N ¢
Public-Private Partnerships lnnovathn{:‘g 3,’
Clinical Group =N - Né
m SINe TOMM CDC='="0o
FD2

INDINVTDUAL AND EFISTATIHC EFFECTS OF GEMNETIC
POLY MORPHISMMS OF D40, CDA0L AMND BLYS GEMNES,
CO-S5TIMULATORY RMOLECULES ON SUSCEPTIBILITY TiOr
PLASAMODTLIAT WIWAM RNMALSRLA

Gustawo . Cassiano’, Marcela P Capobianco’,. Adriana A Furini?,
Luciane M. Storti-Pelo’, Waleria D. Fraga®, Ludcana M. Comosicao™,
Ricardo L. Machado®

Tlmneesr=dade Esiadugd Fawliista Sao Jose do Mo Predc. Braoil “Faocwidads
ge Adeciioing e 550 foss o Bho Predc, S5ao JJose oo o Preido. Braziil
Thrnersidscis Fedleral oo Semiime. fabavana, Srssal

Faolloewing the candidate gene approach wwwe analyzed tihe 0, COERO0
and BIYS genaes that partidpate of B-c=ll co—stimulation, for asso=ciation
with Flssrmeaodiarmn vivas malaria, characterized by a non-lkethal disaesse but
its prolomged and recurrent infection with deletaerious effects omn paersomal
well-baing, growth amd on the economic performance &t individwal, farmiby,
cormmunity, and national leswels. P wivas is the most prevalent malaria
species in Brarzil it represesnts more than 820%G of dinical cases reported
annually firem the Amaacn regeon. The parasite—host coewolutionany
proce=s can be wiewed as an armes race, in which adaptive genetic
changes in one ae svantuslly matched by alterations in the other, in this
ase, within the genetically diverse Amazonian populations. The sample
imncleded 97 patients and 102 controls. WWWe extracted the DMNA by wsing
the sxiraction and purificaton commercial kit and dentifed the SHNPs -1
=T in the gens CO0, -FEET=C in the gems COOL and the -E71C=T

im the gene LS by the PCR-RFLP method. We analy==d the gemnotypic.
allelic freguencies, as weell 25 of those indiwiduasls carryimg each slkelae, by
direct counting. WWe alko compared the observed genotypic fregquencies
with the expected ones, acoording o the Handy-Wainbarg Equilibriwme
The all=lic. gencitypic and allele carrrier fregquencies for these SMNPs did mot
differ statistically betwesen the patient and the comtrol groups. Gens—gens
imteractions wearz no ooeerved bebwesn COA0 and BLY S, and bebtevesn

C 0L and BLYE. Cwearall, the genes wers balanced according to Hardy—
W =inkberg Eguilioriurm. The resuls of this study lesd us o conduds that,
alkthough the CA0, COA0L and BLY S slkeles analysed differ fumncticonalh.,
thi=s wariaticon does ot alter the functionality of the molecules in a way
that wwould imterfere with the susceptibility of the diseas=_
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ANEXO IV

American Society of Tropical Medicine and Hygiene 62st Meeting (2013)

Resumo em Anais de Congresso

671

POLYMORPHISMS IN CO-STIMULATORY GENES DO NOT
AFFECT PLASMODIUM VIVAX PARASITE DENSITY

Gustavo C. Cassiano', Marcela P. Capobianco’, Adriana A
Furini®, Luciane M. Storti-Melo®, Valéria D. Fraga?®, Luciana M.
Conceicio®, Pamella C. Trindade?, Franciele M. Tomaz?, Ricardo L.
Machado*

"Universidade Estadual Paulista, 530 fosé do Rio Preto, Brazil *Faculdade
de Medicina de 5ao José do Rio Preto, 530 José do Rio Preto, Brazil,
“Universidade Federal do Sergipe, itabaiana, Brazil, *Instituto Evandro
Chagas, Belém, Brazil

Flasmodium wivax is the most prevalent malaria species in Brazil,
representing more than 80% of dinical cases reported annuzlly from the
Amazon region. A growing body of evidence indicates that the immunity
is important in the outcome of P vivax infection. Co-stimulation is an
important secondary signal that governs the extent, strength and direction
of the immune response that follows. Since parasite density has been
recognized as important factor in the cutcome in malaria infections,

we investigated whether polymorphisms in co-stimulatorny genes are
assodiated with P vivax parasitermia in malaria patients from Brazilian
Amazon Region. The sample included 147 patients infected with F vivax
from Goianésia do Para, 2 municipality situated on the southwest of

Fara state, Brazil. Nine SNPs were analyzed by PCR-RFLF in seven co-
stimulatory genes (BAFF, CD28, CTLAL, CO0, CD40L, CDEG and ICOS).
Parasitemia was determined by counting the number of parasites in 100
separate fields under il immersion microscope and converted to the
number of parasites per microliter of blood assuming 8,000 leukocytes/l.
Association between the genotypes and parasite density was determined
by Mann-Whitney test, with level of significance of 0.05, using R statistical
software. All SMPs tested were in Hardy-Weinberg eguilibrium. A trend
was noted between the allele C of SNP rs_3118496 in CD28 gene and
lower parasite density, but these trend was not significant (p = 0.1). No
significant assocdiation was found between the polymorphisms tested and
P vivax parasite density. Our results show that the studied polymorphisms
do not affect the P wivax parasite density. However, due to the obvious
importance of co-stimulatory pathways in malaria, further studies that
elucidate the complex host-parasite interactions could be useful for future
waccine development.
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ANEXO V
XIII Reunido Nacional de Malaria em Manaus (2013)

Resumo em Reuniao

IMU - 08

AMERINDIAN ANCESTRY IN A BRAZILIAN POPULATION IS
POSITIVELY COREELATED WITH ANTIBODY LEVELS TO
PLASMODITM VIVAX MEROZOITE SURFACE PROTEIN-1;, KDA

Gustavo E‘Cassm.nﬂl’ Eduardo M Saﬂms Maria HT Maia®, ihinana C Furini’,
Franciele MB Tomaz’. Pamt]la CA Tn.ndade’ Marcela P Capobianco Andréa LS
Silva’. Ana Paula G Castro”, Giselle MR Viana®, Marinete M Pévoa®, Maristela G
Cunha’. Sidney EB Santos”, Ricardo LDMachado™

1. Universidade Estadual Paulista (Unesp): 2.Universidade Federal do Para (UFPA);
3 Faculdade de Medicina de 530 José do Rio Preto (FAMERP):4 Instituto Evandro
Chagas (IEC)

Introduction: A growing body of evidence indicates that the immumnity is important in
the outcome of malaria infection and one of the main goals of immunologists is fo
understand why people differ in their immmme response to the parasite. Although
some progress hasbeen made in identifying human genetic factors that influence
Plasmodiumjalciparum antibody response in African populations. little is known
about the factors that participate in lmmoral imnmine response to malaria in admixed
populations. The population of Brazil is genetically highly heterogeneous, admixed
between Europeans Amerindians, and Sub-Saharan Afticans. as a result of the
relatively recent history of encounter Objective: In the current study, the effect of
Amerindian. European and African ancestry in antibody levels to P. vivax MSP-150
was examined in an admixed population in Brazil Material and Methods: Samples
were collected of 195 P. vivax-infected individuals from a Brazilian malaria endemic
area (Goianesia do Para). IgG antibodies to P. vivax MSP-110 were detected by ELISA
and 47 INDELs ancestry markers were genotyped to estimate individual ancestry
proportions using STRUCTURE software. Spearman correlation was used to assess
correlation between ethnic ancestry and antibody levels. Results:The Amerindian
ancestry correlated positively with antibody levels (tho=0.151. p=0,03). The African
and European ancestry were not comelated with antibody levels (p=0.36 and 040,
respectively). Conclusion:Cur results indicate that Amerindian populations can be
more exposed to P. vivay in the Brazilian Amazon.

Funding: CNPq
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ANEXO V
Congresso Brasileiro de Medicina Tropical (2013)

Resumo em Anais de Congresso

AREA TEMATICA: F) DOENGAS POR PROTOZOARIDS

P713
TITULO: MALARIA VIVAX EM GOIANESIA DO PARA, ESTADO DO PARA: POLIMORFISMOS DO GENE DA IL4
VERSLS PARASITEMIA
AUTOR[ES): FRANCIELE MAIRA MOREIRA BATISTA TOMAZ , FRANCIELE MAIRA MOREIRA BATISTA TOMAZ,
ADRIANA ANTONIA DA CRUZ FURINI, GUSTAVO CAPATTI CASSIANO, MARCELA PETROLINI CAPOBIANCO,
MARINETE MARINS POVOA, PAMELLA CRISTINA ALVES TRINDADE, VALERIA DALTIBAR! FRAGA, LUCIANA
MORAN CONCEIGAO, RICARDO LUIZ DANTAS MACHADO
INSTITUIGAO: FACULDADE DE MEDICINA DE SA0 JOSE DO RIO PRETO

MALARIA VIVAX EM GOIANESIA DO PARA, ESTADO DO PARA: POLIMORFISMOS DO GENE DA L4 VERSUS
PARASITEMIA

FRANCIELE MAIRA MOREIRA BATISTA TOMAZ!, ADRIANA ANTOMIA DA CRUZ FURINI', GUSTAVO CAPATT]
CASSIANO'?, MARCELA PETROLINI CAPOBIANCO'?, MARINETE MARINS POVOA?, PAMELLA CRISTINA ALVES
TRINDADE! W.LEHII’L DALTIBAR] FRAGA! LUCIANA MORAN C[I'NCEIQAG‘ HIEAHEICI LUIZ DANTAS MACHADTD
:.3

"Faculdade de Medicina de 530 Joz2 do Rio Preto, Sao Joz2 do Rio Preto, 530 Paulo“Universidade Estadual Paulict,
530 Josz do Rio Preto, 530 Paulo; 3Insftuto Evandro Chagas, Belem, Para. E-mail: mairabiomed@hotmal com
Infrodugao e objetivo: A proteing expressa pelo gens IL4 afva as células B, com diminuicdo da resposta fipo Thi,
esfimula o crescimento e a diferenciagao de eosinofilos. Investigamos as frequéncias genotipicas deste gens em 85
individuos para o VNTR & 35 individuos para o SNP -590 C=T com malana vivax residentes no municipio de Goianésia
do Para e sua comelagao com a parasitemia. Material e Metodos: a exragan de ONA foi vilizada empregando-se o kit
de extragao/purificado Easy-DNA™ e a idenfificado do SNP 530 C>T no gene da L4 foi efefuada por meio do
método de PCR-RFLP & o VNTR por PCR. A parasitemia foi determinada por contagem do numero de parasitas em 100
campos separados sob microscopio de imers3o em oleo & converido no numero de parasitas por microltro de sanque
assumindo 8.000 leucocitos / microiro. A associagao entre os genofipos e densidade parasitania foi deferminada pelo
teste de Mann-Whimey, com nivel de significancia de 0,05, uiiizando o sofware estatisico R. Resultados: A
frequéncia maior foi verificada para o genatipo CT (54,3%), seguido do genofipo CC (28 6%) & do genofipo TT (17,1%).
Para 0 VNTR o gendfipo az frequéncias observadas foram B1/B2 (50%), B2/B2 (41.7%), enquanto que o gendtipo
B1/B1 foi 8.3%. Nao houve diferenca estatisica significante enfre as frequéncias genolipicas do SNP 590 C>Te a
repeficao em TANDEM VNTR. Entrefanto, os individuos com gendtipe TT (-580) apresentaram maior parasitemia
(p=0,08). Conclusdo: Os pofimorfimos no gene IL4 padem confribuir para nives aiterados da citocing, nos niveis de
anticorpos & consequentemente na carga paraciEna e, portanto, influenciar n3 susceptbBdade a malara vivax na
populacao do municipio investigado.

Fonte Financiadora; FAMERP e CHPq
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ANEXO VI
Congresso Brasileiro de Medicina Tropical (2013)

Resumo em Anais de Congresso

AREA TEMATICA: F) DOENCAS POR PROTOZOARIOS

P-753
TITULO: POLIMORFISMOS EM GENES CO-ESTIMULATORIOS NAQ INFLUENCIAM A RESPOSTA DE
ANTICORPOS CONTRA A MSP-119 DO PLASMODIUM VIVAX EM INDIVIDUOS NATURALMENTE INFECTADOS EM
UMA AREA ENDEMICA DA AMAZONIA BRASILEIRA
AUTOR(ES): GUSTAVO CAPATTI CASSIANO , GUSTAVO CAPATTI CASSIANO, MARCELA PETROLINI
CAPOBIANCO, ADRIANA ANTONIA DA CRUZ FURINI, LUCIANE MORENO STORTHMELD, PAMELLA CRISTINA
ALVES TRINDADE, FRANCIELE MAIRA BATISTA TOMAZ, MARISTELA GOMES DA CUNHA, MARINETE MARINS
POVOA, RICARDO LUIZ DANTAS MACHADO
INSTITUIGAQ: UNIVERSIDADE ESTADUAL PAULISTA

Introdugao: Inumeras evidéncias indicam que a imunidade & importante no resultado da infecgao por Plasmodium e um
dos principais objefivos dos imunologistas é entender os mofivos pelos quais as pessoas diferem em suas respostas
imunes contra o parasito. Assim, é importante elucidar o componente genético envalvido na respesta imune
naturalmente adquirida confra a malaria. O objefivo do presente trabalho foi avaliar a influéncia de polimorfismos em
genes co-esimulatoios na prevaléncia e magnitude de anficorpos confra @ MSP-1x do Plasmodium vivar, em
individuos nafuraimente infectados em uma area endemica da Amazonia brasileira. Material e Metodos: A amostra foi
constituida por 189 individuos infectados por P. vivax provenientes do municipio de Goianésia do Pard, localizado no
sudeste do Estado do Para, Brasil. Nove SNPs foram analisados por PCR-RFLP em sefe genes co-esfimulatorios
(BAFF, CD26, CTLA4, CD40, CD40L, CDB6 &ICOS). As amostras de plasma foram avaliadas em duplicata por teste de
ELISA para presenca de anficorpos contra 8 MSP-1iedo P. vivaxe 05 resultados foram expressos pelo indice de
reafividade (média das densidades dpficas da amostral ponfo de corte). As andlises estatisicas foram realizadas
ufilizando o software R. Diferengas nas medias foram avaliadas por analise de variancia (ANCVA) e Qui Quadrado.
Valores de p menores do que 0,05 foram considerados significativos. Resultados: Todos os SNPs avaliados estio em
equiliorio de Hardy-Weinberg. A frequéncia de respondedores contra 8 MSP-1yedo P. vivax foi de 82,5%. Osindividuos
com o gendtipo TT para o SNP rs1883832 no gene CD40ou aqueles apresentando no minimo um alelo A no SNP
31128055 no gene CDBA apresentaram maiores indices de reatividade de anficorpos, sem associagao estatisicamente
significativa (p = 0,06 e p= 0,08, respectivamente). Nao houve associacao significativa enfre os gendtipos estudados e 3
frequéncia de respondedorss. Conclusao: Apesar dos polimorfismos estudados 3 ferem sido implicades como
importantes na resisténcia ou suscepfibilidade a diversas doencas auto-imunes, nosso estudo nao evidenciou uma
importants funcio dos mesmos na aguisicAo ou niveis de anticorpos contra a MSP-1wdo P wivax na populacdo
estudada.

Apoio Financeiro: CNPy
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ANEXO VII
63 rd Annual Meeting — The American Society of Tropical Medicine and Hygiene
(2014)

Resumo em Anais de Congresso

396

POLYMORPHISM ANALYSIS OF THE CTLA-4 GENE IN
PLASMODIUM VIVAX MALARIA PATIENTS FROM BRAZILIAN
AMAZON REGION

Pamella C. Trindade |, Gistavo © . Casana’, Franciele M.
Iomar . Adnana & Funnl', Marcela P Capobuance’, Pimnneti

Mmlcna D fraga', Luciana M, Concekan' )

facundade de Megcma o Sao fose 30 Mg Preto, Sio kosé oo Ro Preo,
Araad “Unnevsmindo Fstagudl PR, Sao fase do Ro Fretn, Braxd,
‘st Frandio Thagas, Sobm, Brazd

Pasmoaium vivax has been the most cammean cause of the human
raléna paratte m tha brazdian amacon reqon. Cell-mediated immpnity
reguares cost mulatony actwity 10 intate of inkint anheon-speatc t-col
responses. CTEA- s anintabitary (ecepon cxprassed by activated and
equiatony tocols, The aimiof this stody Was 1o analze g snps lncated
on promotos ot of CTLAL gene o P vivas pativnts and corrgated it
sl geeasitacma ord 1-4 ievel. A 10l of 188 P vvar malang panents
were enralled in the study Dva was exlracied ram Binod samples usng
rd-casy Lt imvitrogen) A& PCR-FALP protocol wals used 1o analyre the
genaiyis snd alkzle frequencies of these golymarghismy. The density of
paasiteria in the infected indniduals was recorded ardd expreesed as the
numoer of ascsual P viax per mmciohiter of bipad AESHIMING & Cconant af 10X
mucionecgyy oloks and 2 miated before teatment, The serum fevels of IL-4
ware dotedtad by riiliplex map ot uung magpedlumires™. Analyses wers
pertormed gunn rveson 2.8 1 statntical software. For the poymarnptuam
VDU <157 7 g, 1he /3 genotype had the highest freqqimncy

(A9 455 Tolkweed by e 0fg genotype 4471%) and the 4G qenntype
(5% for the pobrmorphism a4l posiugn 1722 1¢, the vt genatyso had
the frghest frequoency (85 7%), follosed by the 10 qenotype (12 39
~a e Weasi requent being 1he CAC genatype (1%3 The 5.9 piasmia
tewel ranged lrom 0,61 10 9,32 pa . There were no statstcally sorifcant
diftercrv.es either in parastachua and plsima 1k levels among indudi sk
with ohffesent qemotypes. Trws study showed that e was No 3ssaciation
hansen Ine C LA saps wath the develapment of malana VIVAK, serum
LylGh e 40d penpheral 77 ywvets parssaitaermie in raafen amszon region
e CTLA -4 tnps may be assonates with malatia vwvax in Other endemic
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ANEXO VIII

63 rd Annual Meeting — The American Society of Tropical Medicine and Hygiene

(2014)

Resumo em Anais de Congresso

393

IL4 GENE POLYMORPHISMS ARE NOT ASSOCIATED WITH
PLASMODIUM VIVAX MALARIA IN BRAZIL

Franciele M. Tomaz . Gusiawn C Casziara’ Adrana A Funnl',
Marcels P Capobaang/, Pamella C Tnadade', Marinetle M Pénod’,
Valéra [0, Fragad’, Lucas R Azevedo’, Sonia M, Obani’, Lciana M
Lonceican'

Farudtaeh o Wadema o0 Sao lose o Bio Profo, Sa0 ke de Ro Prelo,
Hraxl TUnuersiade Estadual Pasta, 530 Jose do Ko frela. Braad,
SSOIuto Evandrs Chaas, Bodom, Pavd, Brani
Ingadegdeas o -4} 5 an m.;»«nﬂun'nnﬂ(!ry cytokine, which requisles
balante hetwoen ThY and Th2 mmune mspanse, ynmunodobulin class
swatcang and humoral menunity. The present study investcatod the
ITHURnCE 61 pelytiarphmms 14 teas related 10 the inImune Sgsten,

i patients with malina caused by Pamodiem wias n Brazilan anderni
area A total 0! X3 etvadush infected by P ey wete genatyped by pof
g foe vwn (560 o/t =33 ct ungle nuckatads polymnrphisme (snps) and
the natran 3 wau potymarphiom por method in IL4 gene. The densty of
pagsterna in he pfected indsiduals was recoeded aod erpressed @ the
nuiner ol asexual vk per merobter of blad assuming a count of
100 Fekds pes shide . The senm fevels of IL-d were detected by milhplex
man it hurmgn cylekira/chemokine magnets bead panel-hcytomeag-
GO} i magpiAuminex®  Analyses were perfonned uning r version
J 81 stansucai soltwame For the polymorghism at positen - 500 o th
I gene, the Ot genotype had the highest frequency (5% 4%). For the
patprorphism af pasiion 33, hedt genetype had the hghest frequency
(31 8% tof the polpmamptirm at wntr the bib2 genotype had the nighost
frequency (5061 The ganatype frequent es were actording (o the
Herdy-Wemberng equébeaum. The ded seeim level ranged fram 0,61 109,37
pgml The parastemia on the thik bload fims ranged from 5 10 15,000
parsaitestmmnz. There wert no statstially sxgnificant ddtecences either
Potentacrmig, 3eum 4 evel among indawduels wih differeas genotypes
ardt haplatypes. Our badings suggest that (M gane polmormivsTs were
ek sssociated vtk senen Cpte kg and peripheral /' vivax Do asitacima m
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ANEXO IX

XXXIX Congress of the Brazilian Society of Immunology

Formato: poster

IMMUNO ¢ e
BUZ105 2014

XXXIX Congress of the SB |
Brazilian Society of Immunology Sadodade Basioia deIeuncogi
VIl BSCI - Extra Section of Clinical Immunology

Organizatien

Certificate

We hereby certify that the scientific papers entitled
ANALYSIS OF IL4 GENE POLYMORPHISMS AND IGG ANTIBODY RESPONSE TO PLASMODIUM VIVAX
VACCINE CANDIDATE ANTIGEN PVAMA-1

with the authors
FRANCIELE MAIRA TOMAZ: ADRIANA ANTONIA DA CRUZ FURINI; MARCELA PETROLINI CAPOBIANCO);
MARINETE MARINS POVOA; PAMELLA CRISTINA ALVES TRINDADE; VALERIA DALTIBARI FRAGA; LUCIANA
MORAN CONCEICAO LUCAS RIBEIRO AZEVEDQ; SONIA MARIA OLIANI GUSTAVO CAPATTI CASSIANO;
CARLOS EUGENIO CAVASINI; SIDNEY EMANUEL BATISTA DOS SANTOS; RICARDO LUIZ DANTAS MACHADO.

was presented as POSTER
in the XXXIX Congress of the Brazilian Society of Inmunology 2014
Buzios - R), Brazil, October 22*, 2014.
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ANEXO X

Med Trop — 51° Congresso da Sociedade Brasileira de Medicina Tropical

Formato: péster

14 a 17 de junho de 2015
Centro de Eventos do Ceara
Fortaleza/CE - Brasil

MedTrop 2015

51° Congresso da Sociedade
Brasileira de Medicina Tropical

CERTIFICADO

Doangas Troplcaia: d0 anging & pragulsa 4os sarvicos do sadde

Certificamos que o trabalho

POLIMORFISMOS NO GENE DO RECEPTOR TCR E OS NIVEIS DE PARASITEMIA NA MALARIA VIVAX NA
AMAZONIA BRASILEIRA

Tendo como autores: Marcela Petrolini Capobianco, Gustavo Capatti Cassiano, Adriana Antonia da Cruz
Furini, Valéria Daltibari Fraga, Luciana Moran Conceigao, Claudia Regina Bonini-Domingos, Ricardo Luiz
Dantas Machado,
foi apresentado no 51° Congresso da Sociedade Brasileira de Medicina Tropical - MEDTROP,
como Poster na categoria Doengas por profozoarios.

Fortaleza, 29 de maio de 2015.
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Prasidente da Comiss2o Clentifica ;
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Presidente da SBMT fresidente do Congresse
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ANEXO XI

XIV Reunido Nacional de pesquisa em Malaria

Formato: pOster

L —

, ).:"»»"‘j/'.,.)| XV REUNIAD : o CERT":'CADO
T2\ (| NACIONAL 3
\J) A O PESQUIA ’

Qal))—" | EMMALARIA | 00e SEvEMaROA | D€ OUTUBRO DE 2015

Certificamos que o Trabalho n® PT.069 com o titulo: “Polimorfismo
no gene da IL2 e os niveis de parasitemia na Malaria vivax’, de
autoria de Capobianco M, Cassiano GC, Furini AAC, Fraga VD,
Conceigdo LM, Bonini-Domingos CR, Machado RLD foi apresentado
como péster na XIV Reunido Nacional de Pesquisa em Malaria
realizada de 30 de Setembro a 3 de Outubro de 2075 no Centro de
Convengoes Reboucas, Sao Paulo — SP.
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/ FAER THINDATE MAKANIAG COSTA [EIOAP | MARELD SEBAND HFRDRA NSH
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ANEXO XII

XIV Reunido Nacional de pesquisa em Malaria

Formato: péster

&

OSE)| e <~ CERTIFICADO

\M )~ DEPESOUISA

EM MALAR 1A { 30 DE SETEMBRO A 1 DE DUTUBRO DE 2015

Certificamos que o Trabalho CO.01 com o titulo: "Polimorfismos
em genes coestimulatorios de células B estao associados a
resposta de anticorpos IgG contra proteinas de estagio
sanguineo do Plasmodium vivax", de autoria de Cassiano GC,
Furini AAC, Capobianco MP, Cunha MG, Kano FS, Carvalho LH,
Soares IS, Santos SE, Pévoa MM, Machado RLD foi apresentado
como comunicagao oral na XIV Reunido Nacional de Pesquisa
em Malaria realizada de 30 de Setembro a 3 de Outubro de 2015
no Centro de Convencgdes Rebougas, Sao Paulo — SP.

L1758 haeana S

/ FAND TRNDAOE MAARNAA) CISTR (UNICR| MARCELD SRAANG FLRRERA (15201
PRISBERTE DA COMISEAD CEMTHEA FESTENTE 0N DO 3500 RGN TDORA




122

ANEXO Xl

Participacdo em artigos publicados durante o doutorado

1-Galisteu KJ, Cardoso LV, Furini AAC, Schiesari Junior A, Cesarino CB, Franco C,
Baptista ARS, Machado RLD. Opportunistic infections among individuals with HIV-
1/AIDS in the highly active antiretroviral therapy era at a Quaternary Level Care
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