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Mrighiric da Saide

FIOCALLE

Fundagho Oewaldo Crug

Cepiedg to Pescuisas Fand Fachou

Cooeevih cha Fiicm men (" mamuses mee Soves Ui

PARECER N DB2002 - CEPSH- CPgRR
Protocolo nf: 07/2002

Projeto de Pesquisa: Doenca de Chagas nos municipios ds Berilo & José Gongalves de Minas, MG:
opklemialog, Wiapiulica 8 controls

Pesquisador Reaponsdvel: Marta de Lana
instituico: Universidads Federal de Ouwo Prelo
Data de entrada no CEP: 28 de maio de 2002

Ao 58 procader & andkse do protocolo em quasto, apds consideradas ms respostas as pendincias
amediores, consialopu-se que as inlormaches snviadas alendem aos aspeckos fmdmmenias da

Fasolugho CHS 196/86, sobre Diretrizes & Normas Reguiamentadonas de Pesquisa envolvendn Seres
Humanos, !

Diante do exposto, o Comitd da Etica em Pasguisa em Seres Humenos do Cenro de Pesquisas Rend
Rachouy / FIDCRUZ, de acordo com as aribuigies da Resohsdo 19696, mandesin-se pela aprovacio
oo projelo db pesquisa proposto.

Siuiagho: PROJETO APROVADOD
Bele Horizonte, 22 de oulubrno de 2002

Alvarp Josad Beoananhis
Cirardirmndr de CEPSN- CIgRR

Cenprg e Perpabiae Bead Rocbop # FNCKLT
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Are increased frequency of macrophage-like and natural killer (NK)
cells, together with high levels of NKT and CD4*CD25"s" T cells
balancing activated CD8" T cells, the key to control Chagas’ disease
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Introduction

Summary

The immunological response during early human Trypanosoma cruzi infec-
tion is not completely understood, despite its role in driving the development
of distinct clinical manifestations of chronic infection. Herein we report the
results of a descriptive flow cytometric immunoephenotyping investigation of
major and minor peripheral blood lencocyte subpopulations in T. cruzi-
infected children, characterizing the early stages of the indeterminate clinical
form of Chagas’ disease. Our results indicated significant alterations by com-
parison with uninfected children, including increased values of pre-natural
killer (NK]-cells {CD3- CD16* CD567), and higher values of proinflimmatory
monocytes (CD14* CD 16" HLA-DR*). The higher values of activated B lym-
phocytes (CD9* CD23*) contrasted with impaired T cell activation, indicated
by lower values of CDM* CD 38" and CDM4*Y HLA-DR* lymphocytes, a lower fre-
quency of CD8" CD38* and CD8" HLA-DR* cells; a decreased frequency of
CD4* CD25MM regulatory T cells was also observed. These findings reinforce
the hypothesis that simultanecus activation of innate and adaptive immunity
mechanisms in addition to suppression of adaptive cellular immune response
occur during early events of Chagas’ disease. Comparative cross-sectional
analysis of these immunophenotypes with those exhibited by patients with
late chronic indeterminate and cardiac forms of disease suggested that a shift
toward high values of macrophage-like cells extended to basal levels of proin-
flammatory monocytes as well as high values of mature NK cells, NKT and
regulatory T cells, may account for limited tissue damage during chronic
infection favouring the establishment/maintenance of a lifelong indetermi-
nate clinical form of the disease. On the other hand, development of an adap-
tive cell-mediated inflammatery immunoprofile characterized by high levels
of activated CD8* cells and basal levels of mature NK cells, NKT and
CD4" CD25MH cells might lead to late chronic pathologies associated with
chagasic heart disease.

Keywords: Chagas’ disease, flow cytometry, peripheral blood, recent infection.

status. The great majority of the patients that progress to the
chronic phase remain cdinically asymptomatic for many

Chagas’ disease or American trypanosomiasis is a protozoan
infection caused by the haesmotlagellate protozoan Trypano-
soma cruzi It is one of the most important public health
problems in Latin America, affecting 16—18 million people in
South and Central America [1].

Human T cruzi infaction evolves from a usually oligos-
ymptomatic acute phase to a chronic disease, where patients
can be grouped into distinct categories based on clinical

years; this condition characterizes the indeterminate (INLY)
cinical form of the disease. About 30-40% of patients
progress to cardiac (CARD) or digestive symptomatic dis-
ease. It is estimated that 30% of all infected individuals will
eventually develop heart disease [2].

The factors that underlie and determine the distinct
cinical outcomes, mild or severe disease, are not com-
pletely understood. However, there is a general consensus
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that the host immune response plays a pivotal role associ-
ated with the pathogenesis as well as the protective events
that control chagasic tissue damage [3]. It is also well
accepted that T. cruzi induces a strong activation of the
immune system during acute infection and that the differ-
ent immunological mechanisms triggered during the early
indeterminate (E-INDY) stages of T cruzi infection may
represent an essential component of the immune activity
observed during ongoing, clinically distinct chronic infec-
tion [4].

In the search to identify differences in the immunological
response related to the development/maintenance of distinct
chronic disease, we have focused on major and minor
peripheral blood lencocyte subsets during E-IND and late
chronic IND and CARD Chagas® disease [5,6]. We have
reported previously that an expansion of natural killer (NEK)
cells before the development of T cell-mediated immunity, in
addition to enhancement of circulating activated B cells, are
the hallmarks of human immune response during early T
cruzi infection. Moreover, we have reported that an increase
of pre-NK cells (CD 16" CD567), as well as a persistent expan-
sion of activated B cells and down-regulation of CD54 on T
cells, are also observed during initial stages of chronic T
cruzi infection [5]. Here, we discuss the hypothesis that T
cell-mediated immunity during the early stages of T, cruzi
infection may represent a phenomenon restricted to the car-
diac and lymph node compartment, and may not be detect-
able in the peripheral blood.

Despite the T cell-independent nature of the immune
response triggered in early Chagas’ disease, we have demon-
strated that T cells play an important role in the dynamics
of chronic Chagas’ disease [6-8]. Previous reports from our
group showed that despite their clinical status, chronic cha-
gasic patients display a high frequency of peripheral blood
activated T cells (HLA-DR") as well as lack of CD28 expres-
sion on many of their circulating T lymphocytes [7.8]. More
recently, ex vive immunophenotyping demonstrated that
IND  patients display a higher frequency of both
CD4* CD25%"M and NET (CD3* CD1s CD36%) regulatory
cells associated with increased lewvels of circulating
‘gptotoxic” NE  cells (CD3-CD1s*CD36" and CD3-
CD1a* CDse™ NE cells) [6]. On the other hand, an
increased percentage of activated CD&*HLA-DR* T cell
subset was associated exclusively with severe clinical forms
of Chagas’ disease [6]. We hypothesize that regulatory T
cells control the deleterious cytotoxic activity in the indeter-

minate clinical form, inhibiting the activation of

CD&" HLA-DR* T cells. The lack of regulated populations
in CARID) disease patients could account for exacerbated
immune response that calminates in strong cytotoxic activ-
ity and tissue damage.

Relevant findings regarding histopathological alterations
in biopsies from chagasic patients showed that tissue CD4"
and CD&" T cells increase simultaneously during early infec-
tion but not in the chronic phase, supporting the hypothesis

(J

of compartmentalized T cell-mediated immune response
during early disease and suggesting an immunoclogical
imbalance of T cell profile in late chronic Chagas’ disease. In
the chronic phase, patients with heart failure present with
higher levels of CD8* T cells than CD4* T cells, leading to a
lower tissue CD4YCDE" T cell ratio [9,10].

More recently, data have been reported suggesting that
monocytes from IND patients display modulatory charac-
teristics related to low HLA-DR and high IL-10 expression,
whereas monocytes from CARD patients may be committed
to induction of inflammatory responses related to high
tumour necrosis factor (TNF)-ol expression [11-13].

Increasing numbers of novel cellular parameters and
surface markers have been examined as conventional flow
cytometry-based investigations, ie. ‘look and conclude®
analyses, have adopted new gating strategies to analyse
immunophenotypes at the single-cell level in a semiquanti-
tative manner. Indeed, flow cytometry has emerged as the
methodology of choice for enumerating and characterizing
of novel lencocyte subsets using three- and four-colour plat-
form technology. With this technology, several novel pheno-
typic features of leucocyte subsets are characterized routinely
in parallel by their in vitro and in vivo functional properties,
such as NKT cells (CD3* CD56Y) [14], functionally distinct
WK subsets (CD3CD167 CD567) [15,16], regulatory T
cells (CD4*CD25"") [17], macrophage-like monocytes
(CD14*CD16%) [18] and proinflammatory monocytes
(CD14* CD16* HLA-DR*) [19].

‘We have performed a descriptive flow cytometric immu-
nophenotyping investigation based on these nmew gating
strategies to enumerate major and minor lencocyte subpop-
ulations in the peripheral blood of T. cruzi-infected children,
characterizing the E-IND stages of Chagas’ disease. Compar-
ative cross-sectional analyses of the predominant immu-
nophenotypes were also performed in those patients
exhibiting late chronic IND or CARD disease. Our results
suggest that a shift toward high levels of macrophage-like
cells (CD14* CD16*) and NK cells, besides high frequency of
regulatory lymphocytes (NKT and CD4* CD25%%H cells),
may favour the establishment/maintenance of the lifelong
indeterminate clinical form of the disease. On the other
hand, maintenance of major cell phenotypic features
observed during early infection as well as the development of
an adaptive cell-mediated inflammatory immunoprofile
characterized by high levels of activated CD&" cells and basal
frequency of mature NK cells, NKT and CD4* CD23%%H
might lead to a late chronic disease associated with cardiac
pathological events,

Patients, materials and methods

Study area

Berilo and José Gongalves de Minas are located in Jequitin-
honha Valley in the north-east of Minas Gerais State, Brazil.
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Jequitinhonha Valley comprises 970 km?®. Chagas’ disease
was formerly endemic in the area. Together, these two
municipalities have 17 632 inhabitants, with 78-43% of these
individuals living in rural areas with an economy based on
agriculture and cattle ranching [IBGE.Cidades@ http//
URL:http:/ fwww.ibge.gov.br/cidadesat/defanlt.php  (search
for Berilo and José Gongalves de Minas); accessed 4 January
2006].

Bambui is located in the south-west of Minas Gerais State,
Brazil. It comprises 1455 km*® and is another area in which
Chagas’ disease was formerly endemic. It has 22274
inhabitants, 80% of them in the urban area of the munici-
pality  [IBGE.Cidades@ http:/ fwww.ibge. gov.brfcidadesat/
default.php (search for Bambui); accessed 4 January 2006].

Study population

School children enrolled in a cross-sectional stady per-
formed at 37 communities from Berilo and José Gongalves
de Minas, including 3% school units, participated in a sero-
logical screening trial to detect anti-T. cruzi antibodies by
enzyme-linked immunosorbent assay (ELISA) using blood
eluate from filter paper. The screening immunoassay identi-
fied 2-69% of school children with positive results for anti-
T cruzi Igl. Confirmatory immunodiagnosis for Chagas®
disease was performed by ELISA, EIE-Rec-ELISA (Bioman-
guinhos/FIOCRUZ), indirect immunofloorescence assay
{IFA) and haemaglutination {HA) tests. Considering the
World Health Organization and Brazilian Health Ministry
criteria that recommend the use of at least two serological
tests, with distinct principles, to confirm the diagnosis of
Chagas® disease, we confirmed six of the 38 cases first iden-
tified with positive results by the screening ELISA, leading
to a total prevalence of 0-42%. The seropositive cases
included four males and two females, with ages ranging
from 9 to 14 years. The clinical and physical examination
revealed that all children were asymptomatic, showing nor-
mal conventional electrocardiograms (except no. 701, who
showed enlargement of Pri=0-22) and unaltered thoracic X-
ray (RX) (Table 1). The haemoculture was positive in all
children examined (six of six), generally within the first
month of blood cultivation in liver infusion tryptose (LIT)
media supplemented with 10% fetal calf serum. All serapos-

Table 1. Patient characteristics.

Sex

Mo, of Age range (malef

Group individuals { years) fernale)
Mon-infected children (MI-1) 7 9-14 &1
MNon-infected adults (NI-2) 12 2059 Rl
Eaily indeterminate { E-INT¥) B 9-14 472
Chronic indeterminate {IMD) 8 447 s
Chronic cardiac (CARD) 13 50-70 58

(N

Blood leucocytes during early and late Chagas’ disease

itive children were treated with benznidazol (Rochagan®,
Roche) and are currently under evaluation following the
protocol recommended by the Brazilian Health Ministry
[20]. Seven non-infected (MI) schoolchildren were included
as a control group. The MI-1 group consisted of age-
matched schoolchildren with negative serology for anti-T.
cruzi Igh immunodiagnosis (ELISA and [FA). The MI-1
group included one male and six females, with ages ranging
from 9 to 14 years (mean=124).

Cross-sectional analyses of late chronic chagasic patients
compared with uninfected adult contrels were carried out to
evaluate major immunophenotypic features. All late chronic
infected individuals as well as the uninfected adult controls
were from Bambui, Minas Gerais State, Brazil, and partici-
pated in serological examination to confirm the positive or
negative diagnosis for T cruzi infection, respectively. The
diagnosis was based on standard serological tests, including
IFA and HA tests. In this study, we used 21 samples from
chagasic patients with late chronic disease, According to their
clinical records, the late chronic chagasic patients were
divided into two categories, namely IND and CARD clinical
forms. Patients presenting asymptomatic T, cruzi infection,
classified as indeterminate (n= 8), had no dinical manifes-
tations of the disease other than their positive serology.
Patients with cardiac dysfunction, CARD {# = 13), presented
dilated cardiomyopathy and were diagnosed by a detailed
clinical examination, including eletrocardiography (ECG),
24-h Holter examination and chest X-ray. Twelve seronega-
tive adults were included in this study as negative contrals 2
(MI-2 = 12). All were living in an area endemic for Chagas’
disease (Table 1).

Informed written consent was obtained from all partici-
pants or through their parents or legal gnardians in the case
of the school children. This work complied with resolution
number 196/1996 from the MNational Health Council for
research involving humans and was approved by the Ethical
Committee at Centro de Pesquisas René Rachou {CPqRR/
FIOCRUZ protocel 11/2004), Belo Horizonte, Minas Gerais,
Brazil.

Blood samples

A 5-ml sample of peripheral blood was collected from each
subject using ethylenediamine tetraacetic acid (EDTA) as
the anticoagulant. The samples were collected by trained
professionals in an ambulatory hospital. After the collec-
tion, the whole peripheral blood was analysed by flow

cytometry.

Specific monoclonal antibodies used for
immunophenotyping

Mouse anti-human menoclonal antibodies (mAbs), conju-
gated with fluorescein isothiocyanate ( FITC), phycoerythrin
(PE) or tri-colour {TC) and specific for cell-surface markers

@ 2006 British Society for Immunology, Clinical anad Expenmental immunofogy, 1451 §1-92 83
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