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Abstract

A systematic study following infection by various strains of the protozoan parasite, Trypanosoma cruzi, and the simultaneous
monitoring of the humoral immune response together with the elicited cellular response, could add greatly to our understanding of
differences between strains of this important human pathogen. In that sense, acute and chronic infections with distinct 7. cruzi
strains (Y, Berenice-78 and ABC) in Beagle dogs were studied through a longitudinal evaluation of immunoglobulin G (IgG), IgG1
and IgG2 isotypes (by ELISA and flow cytometry (FC)), as well as measurements of peripheral blood mononuclear cell (PBMC)
proliferation over a 100-week period, and their correlation with cardiomegaly. Our results show that infected animals presenting
cardiomegaly showed lower or absent levels of IgG1 during the chronic phase of the infection, when compared to those that did not
show an increase in heart weight. In that manner, our results suggest that [lgG1 could be used as a marker for cardiac pathogenicity in
Chagas disease.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction South America, and 75 million present a potential risk
of infection (WHO, 2005). During chronic phase of

Chagas disease is endemic from Mexico to infection, the majority of chagasic patients (about 70%)
Argentina, where it is estimated that 13 million people do not present clinical signs (indeterminate form),
are infected with Trypanosoma cruzi in the Central and however, about 10-20% develop a digestive (mega-

esophagus and megacolon) and cardiac form of disease,
respectively (Tafuri, 1987). The immunopathological
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that act in cellular signaling may be the key for a better
comprehension of chronic lesions genesis, determining
why some patients demonstrate cardiac manifestations
and another remain with the indeterminate form of
Chagas disease.

A major set back in research efforts to elucidate the
pathogenesis mechanisms of chronic Chagas’ disease is
the lack of a suitable animal model. The canine model
reproduces diffused chronic myocarditis and has shown
the cardiac, pathological and electrocardiographic
changes also seen in humans (Lana et al., 1992; Guedes
et al., 2007). Moreover, recent findings demonstrated
that the dog is a good model for chemotherapy studies in
Chagas’ disease (Guedes et al., 2002). The aim of this
study is to evaluate the kinetics of IgGl and IgG2
isotypes production and proliferation of peripheral
blood mononuclear cells (PBMC) against parasite
antigens, correlating the data to cardiomegaly found
in Beagle dogs infected with Y, Berenice-78 and ABC T.
cruzi strains.

2. Materials and methods
2.1. T. cruzi strains

In this study, three distinct strains were used. The Y T
cruzi strain isolated from an acute human case (Silva and
Nussenzweig, 1953); Berenice-78, isolated by xenocul-
ture (the technique consist in putting nymphs of not
infected haematophagus triatomines insect to feed in a
patient and culture is performed with intestinal contents
and parasites isolated) in 1978 from what was considered
the first clinical case of the disease in Brazil, in a patient
with the indeterminate form of the disease (Lana and
Chiari, 1986) and the ABC strain, which was also isolated
by xenoculture from a patient with heart and digestive
manifestations from the Minas Gerais state, Brazil
(Brener, 1965). These strains were isolated from the
individuals with different clinical forms of Chagas
disease and showing distinct patterns of virulence and
pathogenicity for vertebrate host (Guedes et al., 2007).

2.2. Experimental animals and infection

Sixteen 4-month-old Beagle dogs from the kennel of
the Universidade Federal de Ouro Preto (UFOP), Minas
Gerais, Brazil were used in this study. All procedures
and experimental protocols were conducted in accor-
dance with the COBEA (Brazilian College of Animal
Experimentation) and approved by the Ethics Commit-
tee in Animal Research of the UFOP. Animals were fed
with commercial ration and water ad libitum. Before the

study, the animals were dewormed and vaccinated
against several infectious diseases. Animals were
inoculated with 4000 blood trypomastigotes per kg of
body weight by intra-peritoneal route.

For ELISA, flow cytometry and PBMC proliferative
assays, blood or serum samples were collected from
dogs at regular interval of 2 and 10 weeks during the
acute and chronic phases, respectively.

2.3. Peripheral blood mononuclear cells
proliferative assay

Peripheral blood mononuclear cells (PBMC) were
isolated by Ficoll-Hipaque density gradient centrifuga-
tion and washed three times with RPMI (GIBCO,
Grand Island, New York, USA). The cells (3.5 x 106)
were stimulated with parasite antigens (5 x 10°
trypomastigotes/ml) or Concanavalin-A mitogen
(4 pg/ml), in a final volume of 200 ul. Cells were
then incubated for three and five days at 37 °C in a 5%
CO, atmosphere with Concanavalin-A and trypomas-
tigote antigen, respectively. Cultures were pulsed with
0.2 uCi/well of [*H]-thymidine in the last 16h of
incubation, and processed for scintillation counting.
Results of stimulated and non-stimulated PBMC
cultures were expressed in CPM (counts per minute).

2.4. Conventional serology (ELISA)

Serum samples were stored at —80 °C and ELISA
tests were performed according to Voller et al. (1976).
Briefly, ELISA plates were sensitized with T cruzi
antigen prepared by alkaline extraction of Y strain,
obtained at exponential growth in LIT medium. The
sera were added, and the antibody binding was detected
by using peroxidase-labeled anti-dog IgG. Total IgG or
IgG1l and IgG2 isotypes conjugated to horseradish
peroxidase (Bethyl Laboratories, Montgomery, USA)
were used for the determination of antibody levels. The
plates were read with a spectrophotometer at 490 nm
filter (BIO-RAD, 3550). Cut-off was determined using
the absorbance mean of ten uninfected animals plus two
standard deviations.

2.5. Anti-live trypomastigote antibodies (FC, flow
cytometry)

FC analysis was performed as described by Martins-
Filho et al. (1995) and modified for plates of 96 wells
with U bottom (LINBRO, ICN Biomedicals, OH, USA),
except that canine sera (diluted 1:128) were used
instead of human sera and fluorescein isothiocyanate
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(FITC)-labeled mouse anti-dog total IgG, IgGl and
IgG2 (1:400 dilution; Bethyl Laboratories, Montgom-
ery, USA) substituted FITC-labeled anti-human IgG.
Each assay included negative and positive controls
(internal control of non-specific binding in which
parasites were incubated with FITC-conjugated anti-
bodies alone, or parasite incubated with serum and anti
mouse IgG FITC-conjugated, and sample known
positive). For each assay, 50,000 events were analyzed
and the trypomastigotes were identified and selectively
gated on the basis of their specific forward and side
light-scattering properties. Data were expressed as the
relative percentage of fluorescent parasites (PFP).
Cytofluorometric acquisition was performed by FACS-
can (Becton Dickinson, San Jose, CA, USA), and the
CellQuest software package was used for both flow
cytometry data storage and analysis.
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2.6. Cardiomegaly

All animals were euthanized by injection with
thionembutal (Abbott, Sdo Paulo, Brasil) 0.5 ml/kg of
body weight (0.03 g/ml of saline solution 0.8%) 100
weeks after infection. Necropsy was performed and heart
and animal weights were determined. The cardiomegaly
was evaluated by determining a heart index (heart
weight/total body weight x 100) and also by inspection
for gross alterations. Cardiomegaly was considered in the
infected animals when the heart index was significantly
greater than observed in uninfected animals.

2.7. Statistical analysis

Regression analysis was used to compare antibody
levels and PBMC proliferation; regression lines were

S

total IgG

0 20 40 60 80 100
Weeks after infection

(E) IgG1

% fluorescent parasites

0 20 40 60 80 100
Weeks after infection

1gG2

—_
T
~—

100

80

60

40 {8

20

% fluorescent parasites

] 20 40 60 80 100
Weeks after infection

—&—Y —e—-Berenice-78 --#--ABC —— Uninfected

Fig. 1. Trypanosoma cruzi specific IgG antibodies in sera of infected Beagle dogs with Y, Berenice-78 and ABC strains. (A) and (D) levels of IgG
total, (B) and (E) levels of IgG1, (C) and (F) levels of IgG2 in conventional serology (A-C) and flow cytometry (D-F).
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compared by analysis of covariance (Snedecor and
Cochran, 1989). The association between antibody
levels and the PBMC proliferation was tested by using
the Pearson correlation. In all cases, differences were
considered statistically significant when P < 0.05.

3. Results and discussion

We initially evaluated the establishment of humoral
response kinetics during the acute phase of the disease.
We observed the same profile of total IgG and IgG2,
both by ELISA and FC, in the animals infected with the
three T. cruzi strains. However, different IgG1 profiles
were observed by ELISA and FC (Fig. 1). The distinct
production of IgG subclasses by ELISA and FC was
described for human patients of different geographical
areas (Cerban et al., 1993; Morgan et al., 1996; Cordeiro
et al., 2001).

High levels of IgG1 antibodies (P < 0.05) by ELISA
and FC were detected only in serum of animals infected
with Berenice-78 strain during acute and chronic phases
of infection. Curiously, no significant increase in IgG1
levels in dogs infected with Y and ABC were observed
by ELISA (levels were similar to those observed in
negative controls) (Fig. 1B and E).

It has been previously suggested, but not proved yet,
with the use of commercial antibodies that human
patients and dogs control IgG isotypes production in a
similar manner, however, mediated by the production of
different cytokines (Kawano et al., 1994; Deplazes
etal., 1995). It has been observed that IL-4, IL-5 and IL-
10 are responsible for the production of IgG1 and IgG3
isotypes (Briere et al., 1994; Reed and Scott, 1993),
while IL-12, IFN-y, TNF stimulate IgG2 production.
On the other hand, different results were obtained using
purified monoclonal antibodies (Day, 2007; Quinnell
et al., 2003). Despite that research on immunoglobulins
is important for the understanding of immunopatholo-
gical mechanisms, there are controversies about
nomenclature, function, regulation and specificity in
canine IgG subclasses.

Table 1

In an attempt to correlate IgG subclasses and cardiac
pathology, we determined cardiomegaly presence in the
animals. During the chronic phase of infection only
50% of Berenice-78 infected animals showed cardio-
megaly, while all animals infected with the Y or the
ABC strain showed increase of the heart (Table 1). We
also observed heart area flaccidity in 100% of the
animals infected with the Y and ABC strains, whereas
only 50% of the animals infected with Berenice-78
presented similar lesions.

Our results showed that the presence of cardiome-
galy in 7. cruzi-infected dogs was associated with low or
absence of IgG1 production during the chronic phase of
the disease (Table 1; Fig. 1B and E). Our group
observed in this experiment higher cardiac destruction
(inflammation and fibrosis) and electrocardiographs
alterations in dogs infected with Y and ABC strains,
than Berenice-78 infected dogs (unpublished data). The
results suggest that IgGl production in dogs is
associated with the anti-inflammatory cytokines, our
results corroborate previous observations that demon-
strated that the increase in heart weight from infected
patients is related to the intensity of the inflammatory
infiltrate and fibrosis in this organ (Oliveira, 1998). A
correlation analysis of specific 7 cruzi IgG1 antibody
levels (ELISA and FC) and cardiomegaly was
performed 100 weeks after infection. Our results show
that production of IgGl isotype during the 7. cruzi
infection of Beagle dogs are correlated to the parasite
strains, while IgG1 levels measured by ELISA are
inversely correlated with cardiomegaly (P < 0.01,
R =0.699) (Fig. 2). However, other dog breeds should
be analyzed to confirm the findings, maybe different
responses could be observed.

The correlation amongst the different clinical forms
of Chagas disease and the levels of the IgG isotypes is
not clearly defined. Several authors have tried to
demonstrate the correlation between IgG isotypes and
the severity of the different clinical forms of Chagas
disease both in patients (Cerban et al., 1993; Morgan
et al., 1996; Michailowsky et al., 2003) and in

Correlation between IgG1 production, PBMC proliferation and cardiomegaly in Beagle dogs infected with Y, Berenice-78 and ABC Trypanosoma

cruzi strains

T. cruzi strains IgG1 production by

PBMC proliferation 100 Number of dogs

weeks after infection (CPM) with cardiomegaly/total

ELISA Flow cytometry
Y Not detected Acute phase 7201 4+ 663 4/4)
Berenice-78 Acute and chronic phases® Acute and chronic phases 4813 £ 752 (2/4)
ABC Not detected Acute phase 5957 4+ 982 (4/4)

* Two dogs produced low levels (peak: 0.28 & 0.03) and two high levels (peak: 0.46 + 0.02).
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Fig. 2. Correlation analysis between heart index (heart weight/total
body weight x 100) and IgGl production by ELISA realized 100
weeks post-infection in Beagle dogs infected with Y, Berenice-78 and
ABC Trypanosoma cruzi strains. The two selected points indicate the
animals that did not show cardiomegaly.

experimental models (Spinella et al., 1992; Giorda-
nengo et al., 2000). While some studies did not detect
differences between the levels of these immunoglobu-
lins amongst individuals with different clinical mani-
festations (Cerban et al., 1993; Michailowsky et al.,
2003), others have found higher levels of IgG2
antibodies in sera of patients with cardiac and digestive
manifestations of the disease (Morgan et al., 1996;
Cordeiro et al., 2001). Furthermore, the indeterminate
form of Chagas disease was associated with high IgG1
levels (Cordeiro et al., 2001).

The non-stimulated PBMC proliferative response of
infected animals showed a slight decreasing tendency at
10 weeks after infection (Fig. 3A). Accordingly, PBMC
proliferation results described in literature have shown
an immunosuppressive state, which is normally
observed during the final of acute phase in T. cruzi
infection (Barr et al., 1991). All infected animals
showed the same pattern of proliferative response. The
trypomastigote-induced PBMC proliferative response
observed in infected animals showed significant
difference (P < 0.05) to uninfected dogs 6 weeks after
inoculation, showing a small decrease at the end of
acute phase (10 weeks after infection) (Fig. 3B).

Furthermore, the high trypomastigote-induced
PBMC proliferative responses observed in infected
dogs presenting cardiomegaly were, also, related with
low or lack IgGl production (Table 1; Figs. 1-3).
Animals that present high PBMC reactivity in vitro
against T. cruzi antigens are likely to have larger number
of T CD4 cell clones (Thl phenotype) that produce
principally inflammatory cytokines. The severity of the
cardiac clinical forms of Chagas disease in patients has
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Fig. 3. In vitro PBMC proliferation of non-stimulated (A) and try-
pomastigote antigen-stimulated (B) before, during acute and chronic
phases from Beagle dogs infected with the Y, Berenice-78 and ABC T.
cruzi strains.

been associated with high PBMC reactivity to 7. cruzi
antigen (Gomes et al., 2003).

This study represented the first attempt to measure
the kinetics of IgG isotype production by ELISA and FC
in Beagle dogs infected by different 7. cruzi strains. In
conclusion, our results indicate that 7. cruzi strains (Y,
Berenice-78 and ABC), which show distinct patterns of
virulence and pathogenicity in dogs, stimulate different
IgGl levels and PBMC proliferation. We demonstrate,
here, the correlation between low IgGl levels, high
PBMC proliferation and presence of cardiomegaly.
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