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Resumo

A Doencga de Chagas (DC), cujo agente etiologico € o protozoario Trypanosoma
cruzi (T. cruzi), tornou-se nos ultimos anos um grave problema de saude publica,
mesmo em paises nao-endémicos. Um importante desafio para os pesquisadores da
doenca de Chagas € estabelecer os eventos que levam alguns pacientes a
desenvolver a doencga crénica assintomatica, ou forma indeterminada, enquanto
outros evoluem para uma doenga severa, com lesdes em tecidos cardiacos ou
gastrointestinais. Alguns estudos tém sugerido que a auséncia de sintomas clinicos
em individuos com a forma cronica indeterminada estd associada a um controle
eficaz da resposta imune efetora contra o parasita, que evita uma resposta
inflamatdria excessiva, o que resultaria em lesao tecidual. Nao existem estudos com
o objetivo de confirmar este mecanismo em pacientes com a forma digestiva da DC,
especialmente em relacdo ao controle modulador de mecanismos efetores
envolvendo células Th17, por células Treg. No presente estudo, nés avaliamos em
pacientes com a forma digestiva da DC e em pacientes com a forma indeterminada
ou assintomatica a taxa de ativagao Th17/Treg, através da avaliagao da frequéncia
de células Th17 e Treg por citometria de fluxo; da expressédo do mRNA para Roryt e
Foxp3, fatores de transcricdo envolvidos na diferenciacdo dessas células,
respectivamente; bem como os niveis de IL-17a e IL-10 em sobrenadantes de
cultura de células mononucleares de sangue periférico (PBMC’s). Foi demonstrado
no presente estudo, que em pacientes com a forma digestiva da DC ha um
desequilibrio na taxa de ativagao de células Th17/Treg, favorecendo o perfil Th17,

enquanto que em pacientes com a forma indeterminada, este desequilibrio favorece



o perfil Treg. Os nossos resultados apoiam a hip6tese de que o desequilibrio na taxa
de ativagdo Th17/Treg observado no grupo de pacientes digestivos, favorecendo
Th17 em detrimento de Treg, geraria um ambiente nao regulador, que resulta em
uma resposta inflamatéria exacerbada, responsavel pelas lesbes dos tecidos

gastrointestinais apresentadas por estes pacientes.



Abstract

Chagas disease (CD) whose etiological agent is the protozoan Trypanosoma
cruzi (T. cruzi) in recent years became a serious problem of public health even
in nonendemic countries. One important challenge for the researchers of Chagas
disease is to establish the events that lead some patients to develop
asymptomatic or indeterminate chronic disease, while others undergo severe
disease with lesions in cardiac or gastrointestinal tissues. Some studies have
suggested that absence of clinical symptoms in individuals with the
indeterminate chronic form is associated to a fine control of effector immune
responses against the parasite that avoid a perpetuated inflammatory process
which results in tissue injury. There are no studies aiming to confirm this
mechanism in patients with digestive form of the disease, particularly in relation
to the modulatory control by Treg cells of effector mechanisms involving Th17.
Here, we studied in patients with the digestive form of CD and in those with the
indeterminate or asymptomatic form of the disease, the ratio Th17/Treg
activation by evaluating the frequency of Thl7 and Tregs cells by flow
cytometry, mRNA expression for Roryt and Foxp3, the transcription factors
involved in the differentiation of these cells respectively as well as the levels of
IL-17a and IL-10 in peripheral blood mononuclear cells culture supernatants.

We showed that in patients with digestive form of the disease there is an



imbalance in the ratio Th17/Treg cells activation in favor of Th17, while in
patients with the indeterminate form, this imbalance favour Treg activation. Our
findings support the hypothesis that in contrast with indeterminate patients a
non regulatory environment observed in patients with digestive CD, which
results in an exacerbated inflammatory response exerted by Th17, due to lower

Treg activation, may be responsible for tissue lesions in these patients.
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A doengca de Chagas (DC), também conhecida como tripanosomiase
americana é causada pelo protozoario Trypanosoma cruzi (T. cruzi). E uma doenca
negligenciada e considerada um grave problema de saude publica com sérias
deficiéncias no tratamento e a falta de uma vacina eficaz, até o momento. E
endémica na América Latina, embora, nas ultimas décadas sua deteccdo tenha
aumentado nos EUA, Canada e em varios paises da Europa, devido, principalmente,
a migracao de latino-americanos. Atualmente, existem aproximadamente 10 milhdes
de pessoas infectadas no mundo todo e mais de 25 milhdes vivendo em areas de

risco.

A principal forma de transmissdo da DC é a transmissdo vetorial, mas
também pode ser transmitida por transfusdo sanguinea, transplante de 6rgaos,
acidentes laboratoriais e transmissdo vertical (da mae para o feto). ? Mais
recentemente, uma importante forma de transmissao foi evidenciada no Brasil, a via

oral, através de alimentos contaminados com as fezes do inseto vetor. 3

A DC evolui em duas fases, a aguda, que dura de 2 a 4 meses e é
caracterizada pela alta parasitemia. Na maioria das vezes nao apresenta sinais e
sintomas especificos, o que dificulta sua detecgao, porém se detectada e tratada a
tempo pode ser curada; e a fase crbnica caracterizada pela baixa parasitemia, e que

persiste por toda a vida. *

Na fase crbnica, os pacientes podem apresentar 4 diferentes formas clinicas:
indeterminada, cardiaca, digestiva e mista; sendo que nesta Uultima, temo
manifestagbes cardiacas e digestivas ao mesmo tempo. A grande maioria dos
pacientes que evoluem para a fase crbnica permanece com sorologia positiva,

porém assintomaticos, por muitos anos, caracterizando a forma indeterminada. Dos



pacientes com a forma indeterminada da DC, de 30 a 40% podem evoluir para forma
sintomatica, sendo que destes, aproximadamente, 10 % evoluem para a forma
digestiva. > Porém, ndo existe, at¢ o momento, um marcador que determine se o

individuo ira evoluir ou ndo para as formas clinicas da doenca.

A cardiomiopatia chagasica é resultado de um intenso processo inflamatério
com a presenga de um grande numero de células no miocardio. Esta infiltracéo
celular pode ser uma resposta para o tropismo cardiaco do parasita e ou falhas nos
mecanismos de regulagao do processo inflamatério. Esses mecanismos ainda nao
estdo totalmente entendidos, mas, provavelmente, depende de fatores genéticos do
hospedeiro, pois algumas pessoas, apesar da infecgdo, nunca desenvolvem doenga

cardiaca. °

As manifestagdes da forma digestiva da DC sao atribuidas a destruicdo de
nervos do plexo mioentérico, o que leva a movimentos peristalticos descoordenados,
hipertrofia muscular e dilatagdo. © O megaesdfago e o megacdlon sédo as maiores
causas de morbidade na forma clinica digestiva da DC crénica, sendo que para o
desenvolvimento do megaes6fago € necessaria uma redugdo de aproximadamente
85% do numero de neurbnios, e no megacélon, uma perda de pelo menos 50% do
nimero de neurdnios. ® Patologicamente, ambos os érgdos, esdfago e cdlon, exibem
um grande alargamento Iuminal e hipertrofia muscular. Microscopicamente,
infiltrados inflamatérios e fibroses encontradas foram associadas com lesbes de
células musculares e do sistema nervoso intramural. ®° Os infiltrados inflamatdrios
sdo compostos principalmente por linfécitos T CD3*CD4", linfocitos B CD20", células
NK CD57" e macréfagos CD68*. %' A persisténcia do kDNA do T. cruzi na lesdo
cronica sugere um papel do parasita na manutengdo da ativagdo celular e do

processo inflamatorio tardio. '



A causa da destruicdo neural na DC tem sido debatida na literatura. Na fase
aguda, quando o T. cruzi esta presente em numeros elevados no tecido, o parasita
pode ser responsavel pelas lesdes neurais. Em contraste, a carga parasitaria é
muito baixa nas lesdes chagasicas durante a fase cronica. Além disso, a frequente
ocorréncia de ganglionite e periganglionite em pacientes desenvolvendo
megaesbfago e/ou megacodlon aponta para a participagdo das células do sistema
imune nesse processo. "° Além disso, foi demonstrada, uma forte associacdo entre a
taxa de desenervacdo e a presenca de células com potencial citotdxico. '° Apesar da
importancia desta forma da doenca em areas endémicas, 0S mecanismos
imunoldgicos envolvidos no dano tecidual ndo tém recebido atengdo adequada nos

ultimos anos. '’

Muitas das manifestacdes clinicas observadas na DC sdo consequéncias da
resposta imune do hospedeiro contra o parasita. '® Em cada fase da infecgdo existe
uma resposta especifica, com repertorio de células, citocinas e outras substancias
que reduzem a carga parasitaria, auxiliando na defesa do organismo, mas que

também estao envolvidas na patogenia da doenca.

Assim, apos a infeccdo, a imunidade celular tenta isolar o parasita a fim de
evitar sua disseminacdo e a resposta humoral, simultanea, produz, inicialmente,
anticorpos da classe IgM e, apdés 2 a 3 semanas, da classe IgG. No entanto, a
ineficiéncia dos mecanismos imunes para eliminar o T. cruzi garante sua
persisténcia no organismo e desencadeia resposta inflamatdria, resultando em

danos aos tecidos durante a fase cronica da doenca. *°

Linfécitos de pacientes chagasicos e animais infectados com T. cruzi sao

capazes de reconhecer epitopos proprios, sugerindo uma possivel resposta



autoimune. %

Alguns autores acreditam que persisténcia do parasita e
autoimunidade coexistem na doenca de Chagas e que estratégias de invasédo do
parasita e defeitos na homeostasia imune do hospedeiro sdo importantes para o
desenvolvimento das formas clinicas da doenca. 2! Estudos demonstraram que uma
forte resposta inflamatdria pode ser encontrada em estagios avancados da doenca,

mesmo na auséncia do parasita. %*

O repertorio de células do sistema imune, com alto nivel de ativacgao,
observado durante a fase aguda da infecgdo chagasica, compreende macréfagos,
células NK, T CD4* e T CD8*.%*? O T. cruzi pode induzir a sintese de IL-12 e de
outras citocinas por macréfagos e células dendriticas.?*>" A resposta Th1 que se
segue caracteriza-se pela produgao de IFN-y por linfécitos T, com consequente
aumento na ativagcado das células fagociticas para destruir parasitas internalizados,
aumentando H,0,, o 6xido nitrico e a producdo de TNF-a. **%° As células NK
desempenham também um papel importante na resisténcia a infecgao aguda,
principalmente devido a sua produgdo precoce de IFN-y. *®3” Animais tratados com
anti-IFN-y apresentam-se mais susceptiveis a infeccdo pelo parasita, enquanto
aqueles que recebem IFN-y tornam-se mais resistentes. >**° Michailowsky et al. *'
demonstraram acgdo sinérgica do IFN-y com o tratamento antiparasitario na fase
aguda da infecgdo. No entanto, esta citocina também tem sido relacionada ao
desenvolvimento de cardiopatia na fase crbnica da infecgéo, o que sugere que tenha

um duplo papel na DC.

O TNF-a é outra citocina pré-inflamatéria com papel destacado na modulagao
da resposta imune protetora na infecgdo pelo T. cruzi. “*** Essa substancia controla

o crescimento dos parasitas pela ativagao das células fagocitarias. 45



Assim como a IL-12 participa da diferenciagdo em resposta Th1, a IL-4
promove a resposta Th2, indutora de imunidade humoral, na auséncia de IL-12 e
IFN-y. *¢ Além disso, o aumento de secrecdo de IL-10, durante a fase crénica, pode
estar associado a protecdo do hospedeiro contra resposta inflamatodria intensa,
induzida pelo perfil Th1. Essa citocina, também do perfil Th2, é produzida pelos
macréfagos e regula a expressdo ou funcdo de IL-12 e INF-y.*"*® Dutra et al. *°
detectaram niveis mais altos de IL-5, IL-10, IL-13, e IFN-y em pacientes chagasicos
cronicos em relagédo a individuos nao infectados, sugerindo que o equilibrio entre
essas citocinas pode ser o ponto principal do controle da morbidade, durante a fase

crbénica da infeccao.

A resisténcia de um organismo as infecgdes requer a geragdo de uma
resposta imune que, ndo so, controle o patégeno invasor, mas, também, que limite
os danos colaterais aos tecidos do préprio hospedeiro, resultantes dessa resposta. *°
Assim, a0 mesmo tempo em que os elementos efetores agem no sentido de eliminar
0 parasita, mecanismos reguladores sao ativados, minimizando a lesédo tecidual

%051 As células T usam diferentes

provocada pela propria resposta imune.
mecanismos para regular a resposta imune durante a doenga de Chagas, e as
interagcdes parasita-hospedeiro podem ser influenciadas pela relacdo células T

reguladoras/efetoras. >

As células T regulatérias (Tregs) foram descritas como uma populagado de
células T CD4'CD25'Foxp3*, em que sua principal caracteristica é o fator de
transcricdo Forkhead Box P3, (Foxp3) que regulam as respostas imunes inata e
adaptativa. > As Tregs modulam as respostas imunes, ndo s6 para antigenos
53-60

préprios e tumorais, mas também a antigenos exdgenos e agentes infecciosos.

Elas tém a capacidade de suprimir a proliferacdo e produgao de IFN-y das células T

5



CD4" e CD8", regular negativamente a ativagéo e capacidade citolitica de células T
CD8", e modular as respostas imunes humorais. ¢'®® Desta forma, as células Treg
servem para limitar o dano tecidual, mas também podem impedir a eliminagao da

infeccdo por supress&o de respostas imunes cruciais. %

As Tregs através da expressao de IL-10 e TGF-B atuam beneficiando os
pacientes com a forma indeterminada da DC, mantendo o equilibrio entre células
efetoras que matam os parasitas e evitando o desenvolvimento da imunopatologia

tecidual. 2

Embora nédo haja evidéncia para a verdadeira fungao desta populagao de
células na doenca de Chagas, ja foi demonstrado que, no sangue periférico de
pacientes indeterminados ha um aumento na frequéncia de circulagao de células
Tregs CD4'CD25'Foxp3”™ e esses pacientes também apresentam um aumento
significativo na concentracéo de células Foxp3™ no tecido do coragdo, sugerindo que
estas células podem estar envolvidas no controle da morbidade da doenca de

65-67

Chagas.

Nos ultimos anos, a explicacdo de resisténcia e suscetibilidade a infecgoes
parasitarias baseada na dicotomia Th1 e Th2 e na atuagao das células Tregs tém
sofrido uma analise mais cuidadosa, a partir de estudos mostrando que durante o
processo de diferenciacdo para células efetoras as células CD4" podem seguir
destinos alternativos que nao envolvem Th1, Th2 ou Treg. Nesse sentido, as
células CD4" cultivadas na presenca de TGF-B, IL-6, IL-1B, IL-23 e IL-21 passam a
expressar o fator de transcricido RORyt (“retinoid-related orphan receptor gamma”) e
transformam-se na subpopulacdo Th17 que desempenha um papel atribuido

inicialmente a uma hiperativagao de células Th1. ® Essas células, que produzem IL-



17A, IL-17F, IL-21, IL-22 e TNF-a, promovem um processo inflamatério intenso
mediado por neutrdfilos e estdo associadas a doencgas autoimunes e a resisténcia
contra varias infecgcoes bacterianas e parasiticas, mas também podem correlacionar-

se com imunopatologia em diversas outras infecgdes 69

Dentre as citocinas ja
citadas, importantes para a diferenciacdo de Th17 8, destacamos a IL-23, produzida
principalmente por APCs ativadas, em particular células de Langerhans, macrofagos
e células dendriticas. O receptor de IL-23 esta presente em células de meméria T,
células NK T, macréfagos, células dendriticas e células T naive. E a citocina chave
que impulsiona a diferenciacao de células T naive para células Th17 uma vez que na
sua auséncia o perfil de resposta CD4 resulta na diferenciagao de células Treg.

Estudos demonstram que a IL-17 é produzida durante a fase aguda da DC em
camundongos e controla a inflamagdo cardiaca modulando a resposta Th1. 70

I "' relataram que a IL-17 produzida durante infecgdo com T. cruzi

Miyazaki et a
resulta na ativagao eficiente da resposta imune contra o parasita, uma vez que
camundongos deficientes dessa citocina apresentaram niveis mais baixos de IFN-y,
prolongada parasitemia e mortalidade quando comparados aos controles. Outros
estudos associam a IL-17 a destruicdo de neurbnios em modelos experimentais de
EAE (experimental autoimmune encephalomyelitis). "> Poucos estudos relacionam
as células Th17 e suas citocinas a doengas digestivas, particularmente  no que se
refere a lesées da DC

Os estudos acima apontam para a necessidade de se estabelecer os

desequilibrios imunoldgicos envolvidos na patogénese das lesdes digestivas na

DC, com enfoque para a ativagao das diferentes subpopulacdes de células CD4.
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ABSTRACT

Chagas disease (CD) whose etiological agent is the protozoan Trypanosoma
cruzi (T. cruzi) in recent years became a serious problem of public health even
in nonendemic countries. One important challenge for the researchers of Chagas
disease is to establish the events that lead some patients to develop
asymptomatic or indeterminate chronic disease, while others undergo severe
disease with lesions in cardiac or gastrointestinal tissues. Some studies have
suggested that absence of clinical symptoms in individuals with the
indeterminate chronic form is associated to a fine control of effector immune
responses against the parasite that avoid a perpetuated inflammatory process
which results in tissue injury. There are no studies aiming to confirm this
mechanism in patients with digestive form of the disease, particularly in relation
to the modulatory control by Treg cells of effector mechanisms involving Th17.
Here, we studied in patients with the digestive form of CD and in those with the
indeterminate or asymptomatic form of the disease, the ratio Th17/Treg
activation by evaluating the frequency of Thl7 and Tregs cells by flow
cytometry, mRNA expression for Roryt and Foxp3, the transcription factors
involved in the differentiation of these cells respectively as well as the levels of
IL-17a and IL-10 in peripheral blood mononuclear cells culture supernatants.
We showed that in patients with digestive form of the disease there is an

imbalance in the ratio Th17/Treg cells activation in favor of Th17, while in
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patients with the indeterminate form, this imbalance favour Treg activation. Our
findings support the hypothesis that in contrast with indeterminate patients a
non regulatory environment observed in patients with digestive CD, which
results in an exacerbated inflammatory response exerted by Th17, due to lower

Treg activation, may be responsible for tissue lesions in these patients.

INTRODUCTION

Chagas disease (CD) whose etiological agent is the protozoan Trypanosoma
cruzi (T. cruzi) is a neglected disease, however is a serious problem of public
health. It is endemic in Latin America, but in recent decades its detection has
increased in the USA, Canada and several European countries, where most of
the Latin immigrants are now living. Currently, there are about 10 million
people infected worldwide and more than 25 million living in risk areas. The
clinical course of chronic disease is variable and ranges from the absence of
symptoms to severe disease. Most chronically infected individuals present the
indeterminate or asymptomatic chronic disease characterized by positive
serology and no clinical manifestations. However, about 30 to 40% of them
develop symptomatic CD with cardiovascular (cardiac form) or gastrointestinal

(digestive form) involvements [1].

The clinical manifestations of the digestive CD form are attributed to the
destruction of myenteric plexus nerves which leads to uncoordinated peristaltic
movements, muscle hypertrophy and dilation [2]. Megaesophagus and
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megacolon are the major causes of high morbidity in patients with this clinical
form. Pathologically, both, esophagus and colon, exhibit a large luminal
enlargement and muscle hypertrophy. Histologically, inflammatory infiltrate and
fibrosis were found associated withs lesions in muscle cells and in intramural
nervous system [3-4]. Inflammatory infiltrates composed primarily by T
lymphocytes CD3°CD4", B cells CD20", NK cells CD57" and macrophages
CD68" have been attributed to constant cell activation due to parasite persistence

since T. cruzi kDNA is frequently detected in chronic lesions [5-9].

Host resistance to infection requires the generation of immune response effector
mechanisms able to effectively control the invading pathogen. However, at same
time, these mechanisms, if exacerbated, can be closely related to tissue damage.
Thus, while the effector elements act to eliminate the parasite, regulatory
mechanisms must be activated in order to minimizing tissue damage caused by
them [10-11].

Studies have shown that the main host effector mechanisms against 7. cruzi
involve Thl response with production of IFN-y and TNF-a which activate cells
to eliminate the parasite [12-15]. However, there are few studies evaluating the

role of Th17, another important proinflammatory subpopulation of CD4 cells.

Naive CD4 + cells cultured in the presence of TGF-$, IL-6, IL-1p, I[L-23 and IL-
21 express the transcription factor RORyt ("retinoid-related orphan receptor

gamma") and are differenttiated in Th17 cells. These cells, which produce IL-
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17A, 1IL-17F, IL-21, IL-22 and TNF-a and promote an intense inflammatory
process mediated by neutrophils may be associated with resistance against
various bacterial and parasitic infections, but also with immunopathology in
others [16]. These findings lead us to suppose that protection induced by Th17
occurs in situations where a concomitant modulatory response is induced.
Regulatory T cells (Treg cells) are probably the major CD4  cells subset

involved in this control.

Treg cells have been described as a CD4'CD25" T cells that expresses the
transcription factor Foxp3. By producing antinflammatory cytokines such as IL-
10 and TGF-p these cells regulate innate and adaptive immune responses [17].
They have the ability to suppress the proliferation of CD4" T cells and IFN-y
production, downregulate activation and cytolytic capacity of CD8" T cells as
well as modulate humoral immune responses [18-20] Thus, Treg cells can
prevent the elimination of infection by removal of crucial effector immune
responses, but at same time they can induce a protective response by limiting
tissue damage, caused by exacerbated responses [21].

Based on these findings, here, we hypothesized that in contrast with
asymptomatic or indeterminated disease, disbalance between Th17 and Treg
activation in favor of Th17 profile may be associated to symptomatic disease.
Confirming this, our results showed that Th17 cells are preferentially induced in

patients with digestive form. On the contrary, Treg cells are predominantly
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activated in indeterminate patients, which allow us to conclude that the
imunoregulatory environment observed in these patients may be responsible for

the maintenance of the asymptomatic state.

MATERIALS AND METHODS

Patients

All patients were recruited from the General Service of Infeccious diseases of
the Clinical Hospital of Botucatu Medical School, from July 2013 to March
2014. They were conducted to this service by the Blood center from the same
hospital when, at the time of blood donation, they had presented at least one
positive serological test (ELISA, IF, IHA) for Chagas disease. When they began
to be monitored, they underwent more 3 serological tests of different principles
(ELISA/Chemiluminescence, IHA and IF), and those who were positive for at
least two of these tests were considered as chronic patients.

The groups were divided into:

Digestive (DIG): 23 chronic CD patients with megacolon and/or megaesophagus
that presented EKG and chest x-ray without alterations; Radiological

examination of esophagus, stomach duodenum or colon with alterations.

Indeterminated (IND): 19 chronic CD patients that did do not present changes in
the electrocardiogram, chest x-ray and radiological examination of esophagus,

stomach duodenum or colon.
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Healthy Subjects (HS): 20 donors individuals from the Blood Center of the
Clinical Hospital of the Botucatu School of Medicine, with more than 70 kg,
with negative serology for DC, of both sexes, older than 18 years, and no

epidemiological history of CD.

Pregnant women and other patients presenting other simultaneously infectious
diseases were excluded from the study. The Research Ethics of the Botucatu
Medical School approved this study and all patients and healthy subjects signed

a free and informed consent form.

From the 42 patients with CD included in the study, 20 were males and 22
females; 10 males and 13 females with digestive form and 10 men and 9 women
with indeterminated form. The average age of DIG patients is 55.9 years and the
IND is 54.2 years, and the age of the patients ranged between 23 and 72 years.
From the 23 patients with digestive CD, 11 had megaesophagus, 1 megagastria,
one megaesophagus and concomitant megacolon and 10 had megacolon.

Of the 23 patients included in DIG, 15 had a family history of CD. Already in
IND, only 3 patients did not have an immediate family member with CD, and 5
of all the patients had a mother with CD.

Blood Sample Collection

Blood samples (25 ml) were taken from a forearm vein once in all the groups.
Blood was collected in heparinized tubes and then centrifuged at 450 g for 10

minutes. Blood samples were used to obtain peripheral blood mononuclear cells
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(PBMCs) to RNA extraction, evaluated Th17 and Treg cells by flow citometry

and to measure cytokines in their culture supernatants.

Peripheral blood mononuclear cells (PBMCs) isolation

PBMCs were obtained from peripheral blood by separation on Histopaque”
gradient m (Sigma-Aldrich, St. Louis, MO, USA). The halo rich in lymphocytes
and monocytes was removed and washed by centrifugation with the culture
medium RPMI 1640 (Sigma-Aldrich) at 400g for 15 minutes and then
centrifuged at 450 g for 15 minutes. The cells were then resuspended in complete
medium, consisting of RPMI-1640 supplemented with 2 mM L-glutamine, 40
png/ml gentamicin and 10% fetal bovine serum (Nutricell, Campinas, Sao Paulo,
Brazil). The identification and viability of the cells were performed using Trypan
Blue staining and cell concentration was adjusted to 1 x 10" and 1x10° cells/ml to
perform the protocols.

Foxp3 and Roryt mRNA expression

Total RNA was extracted from PBMCs at 1x10 cells/ml by the TRIzol method
(Invitrogen, Sao Paulo, Brazil). The RNA concentration was determined by
absorbance at 260 nm; all samples showed an absorbance value of
approximately 2.0. One microgram of RNA was used for the synthesis of 20 uL
of complementary DNA (¢cDNA) by ImProm-II™ Reverse Transcription System
(Promega, Brazil). Foxp3 and Roryt mRNA levels were determined by real-time
PCR. Primer sequences are shown in Table 1. The B-actin gene was used as an
internal control. Relative quantification of each target mRNA was performed
using a standard curve-based method for relative real-time PCR data processing

with a StepOne™ Real-Time PCR System (Applied Biosystems, USA) and
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Power SYBR Green PCR Master Mix [22]. The real-time PCR cycler conditions
were 95°C for 10 minutes, followed by 40 annealing cycles at 95°C for 15
seconds and extension at 60°C for 1 minute. Fluorescence signals were collected
during the annealing and extension cycle of amplification (60°C for 1 minute).
Amplification of specific transcripts was confirmed based on the melting curve
profiles generated at the end of each run. The control samples' mean expression
was assigned a relative value of 1.0, and concentrations in all other samples

were normalized proportionately.

Table 1. Primers for Foxp3, RORyt and - actina.

Gene Forward Sequence Reverse Sequence GenBank Produc

Lenght

RORy | 5’CCACAGATTTTGCAAGGGATC | SSTGAGAAGGACAGGGAGCCAA 3> | NM_001001523. | 85
t A3 1

Foxp3 | 5’CCACAGATGAAGCCTTGGTC 3’ | 5’ACAGTCTCTGGAGCAGCAGC 3’ | XM _011543919. | 101
1

B- 5’CTGGAACGGTGAAGGTGACA 5’AAGGGACTTCCTGTAACAATGC | XM _006715764. 140
actina | 3’ A3 1

Frequency of Treg and Th17 cells

To evaluate the frequency of Treg cells, 100uL of 1x10" PBMCs/mL were
placed in Falcon tubes for flow cytometry (Becton and Dickinson, BD
Company) and centrifuged at 1800 rpm for 5 minutes. After centrifugation, the
supernatant was discarded, and the cells resuspended in 100ul of Stain Buffer
(FBS) (BD Pharmingen ™ (BD-Becton and Dickinson Company), and
incubated with anti-CD4 and anti-CD25 monoclonal antibodies surface (BD-
Becton Dickinson and Company) for 20 minutes at room temperature in the
dark. After the cells, were washed, fixed and permeabilized and then incubated

with anti-FoxP3 antibody (BD-Becton and Dickinson Company) for 30 minutes
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in the dark at room temperature, washed, fixed with 1% formaldehyde and
stored at 4°C until reading.

On the other hand, to evaluate the frequency of Thl7 cells, 1 ml of 1x10°
PBMCs/ml were placed in Falcon tubes for flow cytometer (Becton and
Dickinson, BD Company) (ImL / tube) and centrifuged at 1800 rpm for 5
minutes. After centrifugation, the supernatant was discarded, and the cells were
resuspended in 50ulLof FBS, followed by incubation for 10 minutes at room
temperature with 10ul. of human AB serum for blocking non-specific Fc
bindings. After, the cells were incubated with anti-CD3 and anti-CD4
monoclonal antibodies (BD-Becton Dickinson and Company) for 30 minutes at
4°C in the dark. Cells were washed, fixed and permeabilized and then incubated
with anti-IL-17a antibody for 30 minutes in the dark at 4°C, washed, fixed with

1% formaldehyde and stored at 4°C until reading.

For each test, there was a control tube in which cells were incubated with
isotype control antibodies conjugated to the same fluorochromes used in the test.
Analysis and cell acquisition were performed by flow cytometry (FACSCalibur
™ Becton, Dickinson and Company, Franklin Lakes, NJ, USA) using the Cell
Quest software (Becton, Dickinson and Company, Franklin Lakes, NJ, USA).
Regarding the gating strategies to distinguish between cells populations
analyzed by flow cytometry, FSC-SSC profile was used to distinguish total

lymphocytes and this subtype cells were gated according to light scatter profile
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and the expression of CD3, CD4 and CD25. Acquisition was standardized to

50,000 events per sample.

Cytokine production

PBMCs (1 x 10° cells/ml in complete medium) were plated in 24-well culture
plates and incubated at 37°C and 5% CO, for 24 hours. After incubation, the
supernatants were aspirated and evaluated for the concentrations of the
cytokines IL-17a and IL-10 by CBA (Cytometric Beads Array) technique. In
this analysis flow cytometry FACSCalibur™ (Becton, Dickinson and
Company), and the Cell Quest and FCAP Array'" Softwares (Becton,

Dickinson and Company, Franklin Lakes, NJ, USA) were used.

Statistical Analysis

Statistical analysis was performed using the GraphPad Prism Version 5.01 for
Windows, GraphPad Software, Inc., (San Diego, California - USA).Significant
differences for the results referring frequencies of Treg and Th17 cells were
calculated by the ANOVA test for independent samples followed by means
comparison by Multiple Tukey-Kramer test. For cytokines production and
Foxp3 e Roryt expression Kruskall-Wallis test followed by medians comparison
by Multiple comparisons of Dunns were performed. The significance level for

all analyses was set at 5%.
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RESULTS

Frequency of Th17 and Treg cells

In a first set of experiments, we investigated the ratio Th17/Treg activation in
the two groups of patients, by evaluating by flow cytometry the frequency of
CD4 cells positive for intracellular IL-17a (Th17) and for surface CD25 and

intracellular Foxp3 (Treg).

Patients with digestive CD exhibited a significantly higher frequency of Thl17
cells compared with indeterminate patients and HS (p<0,05) (Figure 1A). In
contrast they presented lower percentage of Treg cells in comparison to HS

(p<0,05) (Figure 1B) and mainly in relation to IND (p<0,05).
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Figure 1. Frequency of Th17 and Treg Cells: (A) Frequency of Th17 cells (CD3'CD4'IL-17a") in patients
with digestive and indeterminated form of CD and healthy subjects. (B) Frequency of Treg cells
(CD4'CD25'Foxp3") in patients with digestive and indeterminated form of CD and healthy subjects. Gating
strategies to distinguish between cell populations analyzed by flow cytometry. FSC-SSC profile was used to
distinguish total lymphocytes and this subtype cells were gated according to light scatter profile and the
expression of CD3, CD4 and CD25. Acquisition was standardized to 50,000 events per sample. The results are
expressed as the mean and standard deviation. *p<0.05.
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Roryt and Foxp3 gene expression

On other approach to investigate the ratio Th17/Treg activation was to evaluate
in the 3 groups, the gene mRNA expression for the two transcription factors
involved in the differentiation of these cells, Roryt and Foxp3 for Th17 and Treg

cells respectively.

We observed that DIG expressed significant higher levels of mRNA for Roryt
compared to IND (p<0,05) (Figure 2A). An inverse ratio was detected for IND,

that expressed higher amount of Foxp3 (p<0,05) (Figure 2B).
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Figure 2. Gene Expression of Roryt and Foxp3: mRNA expression of Th17 and Treg cells transcription
factors, Roryt (A) and Foxp3 (B) respectively, in patients with digestive and indeterminated form of CD and
healthy subjects. Each dot represents a different patient and each bar represents the median.. *p<0.05.

Cytokine production

We also evaluated the production of IL-17 and IL-10 the two cytokines
predominantly released for Th17 and Treg respectively. Our data showed that

the two groups of patients released lower levels of IL-17 (p<0,05) (Figure 3A)
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and IL-10 (p<0,05) (Figure 3B) compared to controls . However, despite there
was no significative differences between the two groups of patients, those with
indeterminated form trended to release lower levels of IL-17 in relation to

digestive ones. In contrast, indeterminate patients trended to release higher

levels of IL-10.
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Figure 3. Production of IL-17a and IL-10 in PBMC’s culture: Levels of IL-17a (A) and IL-10 (B) in
supernatants were analyzed after 24 hours of PBMCs culture (1x10° cells/ml), obtained from patients with
digestive and indeterminated form of CD and healthy subjects. Each dot represents a different patient and each
bar represents the median. *p<0.05.

DISCUSSION

One of the most important challenges for the researchers of Chagas disease is to
establish the factors that lead some patients to develop asymptomatic chronic
disease, while others undergo severe disease. This issue is probably
multifactorial, but one factor in particular has been supported by some studies

argumenting that the maintenance of asymptomatic state of some patients results
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from an environment, where there is a fine regulation of effector mechanisms of
the immune response against the parasite, which avoid tissue lesion [23].
However, to our knowledge there are no studies investigating this question in
relation to the possible control of effector mechanisms involving Th17, one
proinflammatory CD4 subset. In addition, there are no studies involving
patients with digestive form of Chagas disease. We hypothesized that in contrast
with asymptomatic or indeterminated disease, disbalance between Th17 and
Treg cells activation in favor of Th17 may be associated to symptomatic
digestive disease. Confirming our hypothesis the results showed that patients
with digestive CD showed a significantly higher percentage of Thl17 cells
compared with indeterminate patients, which was confirmed by the results
relative to Roryt transcription factor expression. These results are contrary to

found in the literature for cardiac patients.

Guedes et al. [24] observed that Chagas patients with no or mild
cardiomyopathy had higher frequency of CD4'IL-17" compared to patients with
moderate/severe cardiomyopathy and controls. Magalhaes et al. [25] showed
that no chagasic patients have a higher frequency of CD4" IL-17" compared to

patients with heart CD.

Some studies have shown that these cells, despite participating in the induction
of a protective inflammatory response during infection with 7. cruzi culminating

in the destruction of the parasite, they also may play a regulatory role [26].
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Th17 cells inhibit the inflammatory response in the myocardium induced by Thl
cells through its capacity of atracting and activating neutrophils producers of IL-
10 [27]. However, as there are no studies evaluating patients with digestive CD
and Th17 cells, our results are promising in showing that unlike the studies to
date with cardiac patients, patients with the digestive form show an increased
frequency of Thl7 cells, that instead regulatory, play a predominat
proinflammatory role, which may be involved in the lesions of these patients.

Our hypothesis was also confirmed by the results showing that patients with
gastrointestinal CD showed a significantly lower frequency of Treg cells as well
as lower expression of the transcription factor Foxp3 in comparison with
patients with indetermined CD. These results are supported by the literature
since Silveira et al. [28] have observed higher frequency of Foxp3" cells in
colon biopsies of patients without megacolon compared to those with this
lesion. Araujo et al. [29] reported that patients with indeterminate CD had higher

frequency of Foxp3 'CD4"CD25"¢" cells compared to patients with cardiac CD.

Still, to confirm our results, IL-17 and IL-10 levels were compared in the two
group of patients. Patients DIG showed only a modest tendency to release
higher IL-17 levels in relation to IND. However, there was a clear trend of these
patients to present lower levels of IL-10. This finding confirms our hypothesis
and is supported by studies detecting increased IL-10 levels in patients with

indetermined CD when compared with cardiac CD [30]. However, these
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information are in contrast with the results found by Pisseti et al. [31], which
reported an increase in IL-10 levels in patients with gastrointestinal CD
compared with indeterminated form suggesting that this cytokine might be in

favor of a Th2 shift, inhibiting a Th1 effector response.

Taken together our findings support the argument that in contrast with
indeterminated patients a non regulatory environment observed in patients with
digestive CD, which results in an exacerbated inflammatory response exerted by

Th17 may be responsible for tissue lesions in these patients.

CONCLUSIONS

We showed that in patients with digestive form of CD there is an imbalance in
the ratio Th17/Treg cells activation in favor of Th17, while in patients with the
indeterminated form, this imbalance favour Treg activation. Our findings
support the hypothesis that in contrast with indeterminated patients, a non
regulatory environment observed in patients with digestive CD, which results in
an exacerbated inflammatory response exerted by Thl7, due to lower Treg

activation, may be responsible for tissue lesions in these patients.
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COncluséo



No presente estudo, observamos que em pacientes com a forma digestiva da
DC ha um desequilibrio na relagao de células Th17/Treg, favorecendo o perfil Th17,
enquanto que em pacientes com a forma indeterminada, este desequilibrio favorece
o perfil Treg. Nossos resultados apoiam a hipétese de que o desequilibrio observado
favorecendo Th17 no grupo de pacientes digestivos, pode resultar em uma resposta
inflamatdria exacerbada, e, juntamente com uma menor ativagado de células Treg,
que geraria um ambiente nao regulador, podem ser 0s responsaveis pelas lesdes

dos tecidos gastrointestinais apresentadas por estes pacientes.
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Anexos



TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(Portadores da doenga de Chagas)

A doenca de Chagas cronica, causada pelo protozoario Trypanosoma cruzi, pode se manifestar nas
formas cardiaca e/ou digestiva, ou ainda permanecer assintomatica pelo resto da vida do individuo.
Acredita-se que algumas substancias sdo produzidas por determinadas células para o controle ou
manuten¢do da infecc¢do. E ainda, ndo se sabe nenhum marcador biolégico que possa afirmar se um
paciente sem sintomas vai desenvolver a forma digestiva da doenca. Os resultados obtidos nesta
pesquisa serdo utilizados para um melhor entendimento do desenvolvimento dos sintomas
digestivos da doenga de Chagas.

Eu, recebi
pessoalmente o convite para participar da pesquisa: “Analise do padrao de resposta Th17, de
células T regulatorias e do proteoma em pacientes com doenca de Chagas digestiva cronica”, a
ser realizada no Hospital das Clinicas da Faculdade de Medicina de Botucatu, UNESP, sob
responsabilidade da biomédica Mariana Miziara de Abreu e da Prof. Assist. Dra. Sueli Aparecida
Calvi do Departamento de Doencas Tropicais e Diagnostico por Imagem, e todas informagdes a
respeito do mesmo. Fui devidamente informado sobre os objetivos e procedimentos envolvidos que
consistem em: coleta de 25 mL de sangue através de pungdo venosa em um unico momento do
estudo. Fui informado que os procedimentos realizados ndo acarretardo nenhum risco para minha
saude e o unico desconforto sera a coleta de sangue para o estudo. Ficou esclarecido que a minha
participagdo € voluntaria e que tenho a liberdade para me retirar da pesquisa em qualquer momento.
Fui assegurado que os dados serdo mantidos em sigilo € que minha privacidade sera resguardada.
Fui informado que meu sangue serd estocado e caso utilizado futuramente um novo TCLE sera
enviado para mim. Declaro que este documento esta sendo passado em duas vias, sendo que uma
copia ficara comigo e outra serd mantida em arquivo pelo pesquisador. Com a assinatura abaixo,
dou consentimento para a incorporagdo dos meus dados neste estudo.

Qualquer duvida adicional, poderei entrar em contato com o Comité de Etica em Pesquisa, através
do telefone: (14) 3880-1608/ 1609/ 1610.

Botucatu, de de

Assinatura do paciente

Sueli Aparecida Calvi CrBio: 20.086

End: Rua Fausto Lyra Branddo, 211, Vila Nogueira, Botucatu
Tel: 14 97758841; E-mail: sacalvi@fmb.unesp.br

Lab. de Doengas Tropicais: (14) 3880-1641

Assinatura da pesquisadora

Mariana Miziara de Abreu CRBM: 17.691

End: Rua Julio Vaz de Carvalho, 602 Pq. Paulista, Botucatu
Tel: 14 81271146~ Email: marimiziara@gmail.com

Lab. de Doengas Tropicais: (14) 3880-1641
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(Grupo controle)

A doenca de Chagas cronica, causada pelo protozoario Trypanosoma cruzi, pode se manifestar nas
formas cardiaca e/ou digestiva, ou ainda permanecer assintomatica pelo resto da vida do individuo.
Acredita-se que algumas substancias sdo produzidas por determinadas células para o controle ou
manuten¢do da infecc¢ao. E ainda, ndo se sabe nenhum marcador biolégico que possa afirmar se um
paciente sem sintomas vai desenvolver a forma digestiva da doenca. Os resultados obtidos nesta
pesquisa serdo utilizados para um melhor entendimento do desenvolvimento dos sintomas
digestivos da doenga de Chagas.

Eu, recebi
pessoalmente o convite para participar da pesquisa: “Analise do padrao de resposta Th17, de
células T regulatorias e do proteoma em pacientes com doenca de Chagas digestiva cronica”, a
ser realizada no Hospital das Clinicas da Faculdade de Medicina de Botucatu, UNESP, sob
responsabilidade da biomédica Mariana Miziara de Abreu e da Prof. Assist. Dra. Sueli Aparecida
Calvi do Departamento de Doencas Tropicais e Diagnostico por Imagem, e todas informagdes a
respeito do mesmo. Fui devidamente informado sobre os objetivos e procedimentos envolvidos que
consistem em: coleta de 25 mL de sangue através de pungdo venosa em um unico momento do
estudo. Fui informado que os procedimentos realizados ndo acarretardo nenhum risco para minha
saude e o unico desconforto sera a coleta de sangue para o estudo. Ficou esclarecido que a minha
participagdo € voluntaria e que tenho a liberdade para me retirar da pesquisa em qualquer momento.
Fui assegurado que os dados serdo mantidos em sigilo € que minha privacidade sera resguardada.
Fui informado que meu sangue serd estocado e caso utilizado futuramente um novo TCLE sera
enviado para mim. Declaro que este documento esta sendo passado em duas vias, sendo que uma
copia ficara comigo e outra serd mantida em arquivo pelo pesquisador. Com a assinatura abaixo,
dou consentimento para a incorporagdo dos meus dados neste estudo.

Qualquer duvida adicional, poderei entrar em contato com o Comité de Etica em Pesquisa, através
do telefone: (14) 3880-1608/ 1609/ 1610.

Botucatu, de de

Assinatura do paciente

Sueli Aparecida Calvi CrBio: 20.086

End: Rua Fausto Lyra Branddo, 211, Vila Nogueira, Botucatu
Tel: 14 97758841; E-mail: sacalvi@fmb.unesp.br

Lab. de Doengas Tropicais: (14) 3880-1641

Assinatura da pesquisadora

Mariana Miziara de Abreu CRBM: 17.691

End: Rua Julio Vaz de Carvalho, 602 Pq. Paulista, Botucatu
Tel: 14 81271146~ Email: marimiziara@gmail.com

Lab. de Doengas Tropicais: (14) 3880-1641
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TCLE, todos os sujeitos serdao submetidos a coleta de 25ml de sangue em um Gnico momento. O sangue
sera entao processado para 1. Obtengao de células mononucleares totais do sangue periférico; 2. Obtencao
de sobrenadante de cultura de células mononucleares totais para dosagem de citocinas; 3. Quantificagéo da
expresséo génica dos fatores de transcricdo Foxp3 e RORt pela PCR em Tempo Real; 4. Avaliagdo das
células Treg e Th17 por citometria de fluxo; 5. Avaliacdo da produgéo de citocinas no sobrenadante de
cultura de células mononucleares (TNF-¢, IFN-;, IL-12, IL-10, IL-17, IL-6, IL-22 e TGF-B); 6. Andlise dos
peptideos por bioinforméatica protedmica, visando identificar e quantificar as proteinas expressas, na busca
por biomarcadores para a forma digestiva da Doenga de Chagas. A analise protedmica sera realizada em
apenas 5 pacientes de cada grupo. Os experimentos serdo desenvolvidos no Laboratério de Pesquisas do
Departamento de Doengas Tropicais e Diagnostico por Imagem da Faculdade de Medicina de Botucatu e no
Laboratoério de Citometria de Fluxo do Hemocentro do
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Hespital das Clinicas da Faculdade de Medicina de Botucatu.

Objetivo da Pesquisa:

Analisar a participagic da resposta de padr3o Th17, Treg e do proteoma nc desenvolvimentc das
manifestagdes clinicas da Doenga de Chagas crénica digestiva.

Avaliagao dos Riscos e Beneficios:

Favoravel, acarretando o desconfortc da coleta de sangue aos sujeitos. Por outro lado, os resultados
obtidos per este estude poderao elucidar aspectos envolvidos na patcgénese da Doenga de Chagas, além
da identificagac de possiveis biomarcadores de evolugio da doenga.

Comentarios e Consideragdes sobre a Pesquisa:

O projeto atende aos requisitos das resolugdes de pesguisa em seres humanos, esta claro e bem redigico, e
trata de tema pertinente e negligenciade. O projeto de pesquisa esta adequado, contende introdugao,
justificativa, objetivos, casuistica e métodos bem estruturados. Todos os procedimentos estac
minuciosamente descritos no pretocole de pesguisa e nc Terme de Consentimento Livre @ Esclarecide
{TCLE). O TCLE, redigido separadamente para controles & pacientes, esta adeguado, ja que esta em forma
de convite, deixa claro que a participagdc € voluntaria, garante o sigilo @ a privacidade e descreve os
precedimentos a gue os sujeitos serdo submetides, com linguagem clara e acessivel. O croncgrama de
exacugao foi estimado em 24 meses. O crgamento foi estimado em RS 59000,00 (custeio préprio) para
compra de anticorpes, kits de citccinas e reagentes.

Consideragoes sobre os Termos de apresentagio obrigatoria:

No processo constam as autorizagdes para o desenvolvimento da pesqguisa assinadas pelo chefe co
Departamento de Doengas Tropicais e Diagnostico por Imagem e pelos responsaveis do Hemocentro da
Faculdade de Medicina de Botucatu, além da autorizagao para manipulagao de prontuarios assinada pelo
chefe do Departamentc de Doengas Tropicais e Diagnéstico per Imagem da Faculdade de Medicina de
Botucatu. Constam, também do processo, © termo de compromisso guanto ac cumprimento da resclugac
196, bem como © da entrega do relatorio final, assinados pela autera.

Recomendagdes:

Conclusdes ou Pendéncias e Lista de Inadequagdes:
Todas as recomendagbes anteriormente expostas foram atendidas pela autcra. Dessa forma, sou de
parecer favoravel a aprovagaoc por este CEP.

Situagdo do Parecer:
Aprovado

Enderago:  Chacara Butignoli , sin
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Necessita Apreciacio da CONEP:

Nao

Consideragdes Finais a critério do CEP:

Projeto de Pesquisa aprovado em raunidc do CEP de 01 de abril de 2.013, sem necessidade de envio a
CONEP.

BOTUCATU, 01 de Abril de 2013

Assinador por:
Trajano Sardenberg
(Coordenador)
Endereco: Chacara Butignoli  sin
Bairrg: Aubifo Junior CEP: 13518070
UF: SP Municipio: S0TUCATU
Telefone: (124)3880 1608 Emaill: capcllo@Smo.uncspr
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