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Abstract
In this study, we have characterized the immune mechanisms elicited by antigenic candidates,
TcG2 and TcG4, delivered by a DNA-prime/MVA-boost approach, and evaluated the host
responses to T. cruzi infection in C57BL/6 mice. Immunization of mice with antigenic candidates
elicited antigen-specific, high-avidity, trypanolytic antibody response (IgG2b>IgG1) and CD8+T
cells that exhibited type-1 cytolytic effector (CD8+CD107a+IFN-γ+Perforin+) phenotype. The
extent of TcG2-dependent type 1 B and T cell immunity was higher than that noted in TcG4-
immunized mice, and expanded accordingly in response to challenge infection with T. cruzi. The
progression of chronic phase in immunized mice was associated with persistence of IgGs, 55–90%
reduction in the frequency of proinflammatory (IFN-γ+ or TNF-α+) CD8+T cells, and an increase
or emergence of immunoregulatory (IL-10+) CD4/CD8 T cells. The tissue parasitism, infiltration
of inflammatory infiltrate, parasite persistence, and fibrosis were decreased by 82–92% in heart
and skeletal muscle of immunized/chronically-infected mice. Control mice exhibited a
significantly low antibody response, consistent activation of effector CD8+T cells dominated by
pro-inflammatory phenotype and mixed cytokine profile (IFN-γ+TNF-α>IL-4+IL-10), parasite
persistence and pathologic damage in chagasic hearts. We conclude that delivery of TcG2or
TcG4by DNA-rMVA approach elicits effective antibody and CD8+T cell mediated immunity
against T. cruzi and Chagas disease. The emergence of type 2 cytokine and T cell responsein
chronic phase was indicative of prevention of clinical disease.
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INTRODUCTION
The protozoan parasite Trypanosoma cruzi, transmitted by blood-sucking triatomines,
causes Chagas disease, which is a health threat for an estimated 10 million people, living
mostly in Latin America. The congenital, blood transfusion and organ transplantation related
transmissions are becoming recognized as significant threats in recent decades [1,2].

The current literature on Chagas disease suggest that a low-grade, systemic infection with
documented immune-adverse reactions contribute to tissue injury, and subsequently, to
cardiac insufficiency in chronically infected patients [3,4]. It is accepted that controlling the
acute parasite load below a threshold level would be effective in decreasing the tissue
damage imposed by multiple pathogenic mechanisms and lead to decreased disease severity,
thus, providing an impetus for vaccine development against T. cruzi. Accordingly, several
antigens have been tested as vaccine candidates in eliciting immunity to T. cruzi in small
animal models (reviewed in [5]). In parallel, efforts to enhance the protective efficacy of
subunit vaccines against T. cruzi have included testing the use of adjuvants, e.g. saponin,
cytokines [5], attenuated Salmonella [6] and adenovirus [7].

We have employed a computational/bioinformatics approach for unbiased screening of the
T. cruzi genome database, and identified 11 potential candidates. Through rigorous analysis
over a period of several years, we considered two candidates (TcG2, TcG4) were maximally
relevant for vaccine development because these candidates were highly conserved in
clinically relevant T. cruzi strains, expressed (mRNA/protein) in infective and intracellular
stages of T. cruzi, and recognized by IgGs and CD8+ T cells in multiple T. cruzi-infected
hosts [8,9].

Delivery of vaccine candidates as DNA vaccine has been shown to elicit T cell immunity.
Clinical trials of new recombinant viral vaccine candidates for malaria, tuberculosis, or HIV/
AIDS have shown unprecedented levels of efficacy in eliciting antigen-specific cellular
immunity. Thus, in this study, we have tested the efficacy of TcG2 and TcG4 antigenic
candidates, delivered by a DNA-prime/virus-boost approach, for their ability to induce
immunity and protection against T. cruzi infection and Chagas disease. We used Modified
Vaccinia Ankara (MVA) for the delivery of antigens, shown to accommodate multiple
foreign genes and generate cellular and humoral responses to a variety of foreign antigens
[10]. We discuss the function of candidate antigens-specific antibody and T cell responses,
and their efficacy in providing resistance to T. cruzi infection and Chagas disease in mice.

MATERIALS AND METHODS
Parasites and mice

T. cruzi trypomastigotes (Sylvio X10/4) were maintained and propagated by continuous in
vitro passage in C2C12 cells. C57BL/6 female mice (6-to-8-weeks old) were obtained from
Harlan Labs. Animal experiments were performed according to the National Institutes of
Health Guide for Care and Use of Experimental Animals and approved by the UTMB
Animal Care and Use Committee.

T. cruzi genes and generation of recombinant plasmids, proteins and MVA viruses
The cDNAs for TcG2 and TcG4 (Genbank: AY727915 and AY727917, respectively) were
cloned in pCDNA3.1 for delivery as DNA vaccine [11] and in-frame with a C-terminal His-
tag in pET-22b plasmid (Novagen) for purification of recombinant proteins by poly-histidine
fusion peptide-metal chelation chromatography system [12]. For the generation of
recombinant MVA clones, cDNA for TcG2 and TcG4 were sub-cloned into pLW44 at the
Xma1/Sbf1 sites. The pLW44 vector consist a green fluorescent protein (GFP) and multiple
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cloning site cassette flanked by a pair of MVA genomic sequences for homologous
recombination and incorporation of GFP and gene of interest into deletion III locus of wild-
type MVA (wtMVA) genome. BHK-21 cells were cultured to 70% confluency in six-well
plates, and infected with wtMVA (MOI:0.05) for one h. Cells were then transfected with
recombinant pLW44/Lipofectamine-2000 (Invitrogen), and after 48h, cell lysates were
utilized at 10-fold dilutions to infect new BHK-21 monolayers. The GFP+ fluorescent
plaques of rMVA were purified 4–6 times to remove wtMVA contaminants, and amplified
by infection of BHK-21 for 72h. Cell pellets were lysed, centrifuged to remove debri,
supernatants were passed through 36% sucrose cushion twice; and purified recombinant
virus were stored in 1 mM Tris-HCl (pH 9) at −80°C [13].

Immunization and challenge infection
C57BL/6 mice were injected with pCDNA3.TcG2 or pCDNA3.TcG4 (25-μg/mouse, i.m.),
and corresponding rMVA (106-pfu/mouse, i.d.) at 3-weeks interval (controls: empty vector),
and two-weeks after the last immunization, challenged with T. cruzi (10,000
trypomastigotes/mouse, i.p.). Mice were sacrificed at 30- and 120-days post-infection (dpi),
and sera and tissue samples were stored at 4°C and −80°C, respectively.

Antibody levels, avidity and trypanolytic activity
The 96-well plates were coated with T. cruzi lysate (TcTL, 5×105 parasites’ equivalent/well)
or recombinant TcG2 and TcG4 (1-μg/well), blocked with PBS/5% non-fat dry milk
(NFDM, Bio-Rad), and then sequentially incubated with sera samples (100-μl/well) and
biotin-conjugated goat anti-mouse IgG or IgG subtypes for 2h each, and streptavidin-HRP
conjugate for 30-min (from Southern Biotech, 1:5000 dilution in
PBS-0.01%Tween-20/0.5%NFDM, 100-μl/well). Colorimetric reaction was performed with
TMB substrate (K&P Labs) and absorbance recorded at 450 nm [12]. ELISA was also
performed in presence of 6M urea, and antibody avidity calculated as [O.D. with urea/O.D.
without urea]× 100 [14]. Trypanolytic activity was measured by incubating T. cruzi
trypomastigotes (5×104/25-μl) for 4h at 37°C with 25-μl each of sera samples and human
complement (Sigma), and percentage of live parasites monitored by MTT assay [15].

Lymphocytes’ proliferation, cytokine response and functional characterization
Splenocytes (106-cells/ml/well, 24-well plates) were incubated with ConA (5-μg/ml),
recombinant proteins (10-μg/ml), or TcTL (25-μg/ml) for 48h. Culture supernatants were
used for cytokines’ measurement using optEIAtm ELISA kits (Pharmingen). Splenocytes
were labeled for 30-min on ice with PE-Cy7-conjugated anti-CD3 (binds T cells), FITC-
conjugated anti-CD8 and PE-conjugated anti-CD4 antibodies (0.5–1μg/100μl, e-
Biosciences), fixed (2% paraformaldehyde), and analyzed on a LSRII Fortessa Cell
Analyzer (BD-Biosciences). For functional characterization, splenocytes were in vitro
stimulated as above, except that brefeldin A (10-μg/ml; Sigma) was added in the final 6h to
prevent protein secretion. Cells were labeled for CD4/CD8, fixed, permeabilized (0.1%
saponin/1% FBS), and then submitted to staining with APC-anti-IL-4, PerCPCy5.5-anti-
IL-10, e-Fluor-anti-IFN-γ, Cy5-anti-TNF-α, PerCP-Cy5.5-anti-Ki67, APC-anti-perforin or
Alexa-Fluor488-anti-CD107 antibodies (0.5–2-μg/100-μl, e-Biosciences). Cells stained with
isotype-matched IgGs were used as controls. Flow cytometry was performed, acquiring 30–
50,000 events in a live lymphocyte gate, and data analyzedusing FlowJo software (v7.6.5,
Tree-Star).

Tissue parasite burden and histopathology
Total DNA (50-ng) was isolated from skeletal muscle and heart tissues [16], and used as a
template in real-time PCR with SYBR Green Supermix (Bio-Rad) and Tc18S-specific
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oligonucleotides. Data were normalized to murine-GAPDH [17]. Paraffin-embedded tissue-
sections (5-micron) were stained with hematoxylin and eosin, and analyzed using an
Olympus polarizing microscope system. The presence of inflammatory cells and parasites
pseudocysts were scored as described [18]. Masson’s Trichrome-stained tissue-sections (10-
sections/mouse) were assessed for fibrosis (blue-colored collagen area) as a percentage of
the total myocardial area [12][18].

Statistical analysis
Data are expressed as mean±SD (n=8/group, triplicate observations per experiment). Data
were analyzed by the Student t test and 1-way analysis of variance using a SPSS software (v.
14.0). Significance is shown by *p<0.05, **p<0.01, or ***p<0.001.

RESULTS
Immune mechanisms elicited by TcG2- and TcG4-encoding DNA/rMVA vaccine

Sera levels of T. cruzi- and antigen-specific IgGs, determined by an ELISA, were detectable
after 1st-dose, and enhanced after 2nd-dose (Figs.1A&B, p<0.01–0.001). IgG2a antibodies
were not elicited, and IgGs were primarily constituted of IgG2b (IgG2b/IgG1>1, Fig.
1C&D, p<0.001). Further, TcG2- and TcG4-elicited IgGs exhibited a substantial TcTL- and
antigen-binding capacity (38–60%, Fig. 1E&F, p<0.001) and trypanolytic activity (86–88%
at 1:8 dilution, p<0.05). These data suggested TcG2- and TcG4-encoding DNA/rMVA
elicited a strong antigen- and parasite-specific, high avidity, lytic, Th1-type antibody
response in mice.

Splenocytes from immunized and control mice were in vitro stimulated with TcTL or
recombinant antigens, and cytokine response profiled by an ELISA. Splenocytes of
immunized mice exhibited a substantial IFN-γ (112–230-pg/ml) and TNF-α (30–155-pg/
ml) release, and low IL-10 release (65–150-pg/ml) (Table S1A, p<0.05–0.001). In vivo
percentage of CD4+ (13.6%–15.3%) and CD8+ (9.5%–9.8%) T cells in immunized mice
were comparable to controls (Fig. 2A). After in vitro stimulation, CD4+ (Ki67+: 11–28%)
and CD8+ (Ki67+: 12–32%) T cells of immunized mice exhibited TcTL- and antigen-
specific proliferative capacity, the Ki67+CD4+ cells being mainly IL-10+ (6–14%) and
Ki67+CD8+ cells being IFN-γ+ (1.5–7.6%) (Fig. 2B&C). Of the Ki67+CD8+T cells, 18–
35% were CD107a+IFN-γ+ (Fig. 2D&E), and a significant proportion exhibited
CD107a+perforin+ (1.6–6.8%) phenotype, the higher frequency being observed in TcG2-
immunized mice compared to the TcG4-immunized mice (Fig. 2E&F, p<0.05–0.01). The
frequency of proliferating and non-proliferating T cells producing other cytokines was very
low (<3%) or not observed in immunized mice (data not shown). These results suggested
that TcG2- and TcG4-encoding DNA/rMVAs elicited antigen- and parasite-specific CD4/
CD8 T cell proliferation. The CD8+T cells were predominantly IFN-γ+ with cytolytic
capacity (CD107a+perforin+) and had a potential to act as effector T cells against T. cruzi.

Expansion of TcG2/TcG4-primed immunity in response to T. cruzi
We determined sera (1:1000-dilution) antibody levels at 30-dpi and 120-dpi corresponding
to acute and chronic stages of infection and disease development. TcG2- and TcG4-
immunized mice exhibited ~10–30-fold expansion of parasite- and antigen-specific IgG
(IgG2b>IgG1) response to T. cruzi (compare Fig. 1A–D and Fig. 3A–D). The IgG/IgG2b
response in immunized/infected mice was 2–5-fold higher than the infected controls, both at
30- and 120-dpi (Fig. 3A–D, p<0.05–0.001). The antigen-binding capacity of IgGs in
immunized/infected mice, though lower than that noted after immunization (compare Fig.
3E&F and Fig. 1E&F), was significantly higher when compared to infected controls (51%-
versus-30%, and 63–68%-versus-40%, 30-dpi and 120-dpi, respectively, p<0.05–0.001, Fig.
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3E&F). These data suggested that antigen-encoding DNA/rMVAs induced high avidity IgG/
IgG2b response expanded in a parasite-specific manner upon challenge infection (TcG2-
immunized>TcG4-immunized) and persisted during the chronic phase.

Splenic cells’ functional profile following challenge infection is shown in Fig. 4 and Table
S1. Splenocytes of immunized/infected mice exhibited a prolific T. cruzi and antigen-
specific activation with substantially higher levels of antigen-specific secretion of cytokines
(IFN-γ+TNF-α≫IL-4+IL-10) as compared to those noted in infected controls (Table S1A,
p<0.05–0.001). Splenic cytokine response to infection was higher in TcG2-immunized mice
as compared to the TcG4-immunized mice (Table S1A). Flow cytometry analysis showed
challenge infection resulted in no change in CD4+T cells and ~4-fold and ~3-fold increase in
CD8+T cell population in immunized and control mice, respectively (compared Fig. 2A and
Fig. 4A). When stimulated in vitro, CD4+ (Ki67+:44–78%) and CD8+ (Ki67+:32–86%) T
cells from immunized/infected mice exhibited a prolific TcTL- and antigen-specific
proliferation (Fig. 4B&C.a –c). Up to 16%, 12% and 8% of Ki67+CD4+, Ki67+CD8+, and
Ki67−CD8+ T cells from immunized/infected mice were IFNγ+ (Fig. 4B&C.d–i, p<0.05).
No in situ IL-10 staining was observed for either proliferating or non-proliferating CD8+T
cells from immunized/infected mice. In comparison, a moderate-to-low frequency of
proliferating and non-proliferating CD4+ and CD8+ T cells with IFN-γ+, TNF-α+ and
IL-10+ phenotype were observed in acutely-infected controls (Fig. 4B&C, Table S1B).
These results suggested that mice immunized with TcG2- and TcG4-encoding DNA/rMVA
responded to challenge infection with a type 1 cytokine response and expansion of IFN-
γ+CD8+T cells; the T cell response was more robust in TcG2-immunizedmice.

In chronic phase, immunized mice exhibited a massive decline in proinflammatory
phenotype. The splenic release of parasite- and antigen-specific IL-4 (85–207-pg/ml) and
IL-10 (65–233-pg/ml) was increased and IFN-γ (105–420-pg/ml) and TNF-α (108–362-pg/
ml) was decreased in immunized/chronically-infected mice when compared to immunized/
acutely-infected mice (Table S1A). The CD4+T cells of immunized/chronically-infected
mice were predominantly IL-4+ (~3–6%) and IL-10+ (~2–5%) (Fig. 5B, a–f) with no
detection of IFN-γ+ or TNF-α+ phenotype. The CD8+T cells decreased by >50% (Fig. 5A),
and subsequently, the frequency of Ki67+IFN-γ+ (~2.5–4%), Ki67+TNF-α+ (1.5–3%)
CD8+T cells was significantly decreased, with the emergence of IL-10+CD8+T cells (~3–
5%) in chronically-infected/immunized mice as compared to that noted in acutely-infected/
immunized mice (compare Fig. 4C&5C, Table S1B). In chronically-infected controls,
splenic release of parasite-specific proinflammatory cytokines (IFN-γ: 1002-pg/ml, TNF-α:
505-pg/ml, IL-4: 110-pg/ml, IL-10: 320-pg/ml) and type-1 dominated CD4+/CD8+ T cell
profile persisted. These data suggested that mice immunized with TcG2- and TcG4-
encoding DNA/rMVA were equipped to control the chronic proinflammatory cytokines and
CD8+T cell responses that are considered pathological in Chagas disease.

TcG2- and TcG4-elicited immunity controlled parasite persistence and associated tissue
damage

Histological analysis revealed widespread tissue infiltration of inflammatory cells in
acutely-infected mice. In agreement with enhanced activation of T cell responses, the tissue
infiltration of inflammatory cells in TcG2- and TcG4-immunized/acutely-infected mice was
more extensive with coalescing of inflammatory foci or diffused inflammation (score:3–4)
than that noted in acutely-infected controls (histological score 1–2, Fig. 6A). Conversely,
tissue parasite foci were remarkably reduced (0–3-pseudocysts/microscopic field, mf) in
immunized mice while controls presented peak tissue parasite burden (2–6-pseudocysts/mf,
Fig. 6A). Real time PCR showed 80–84% reduction in parasite-specific Tc18SrDNA in
tissue biopsies of immunized/acutely-infected mice as compared to the controls (Fig. 6C,
p<0.05–0.001). In chronic phase, tissue inflammatory infiltrate was dramatically decreased
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in TcG2- and TcG4-immunized mice (score:0–2) while chronically-infected controls
exhibited persistence of diffused inflammatory foci (score:3–4) throughout the heart and
skeletal muscle tissue (Fig. 6.B.a–f). Real time PCR showed the parasite-specific
Tc18SrDNA signal was decreased by 82–86% in heart and skeletal muscle of immunized
mice (Fig. 6D). Chronic tissue fibrosis, extensively observed in heart tissue and skeletal
muscle of infected controls by Masson’s-trichrome staining, was decreased by 90–92% in
immunized/infected mice (Fig. S1). These results suggested that immunization with TcG2-
or TcG4-encoding DNA/rMVA was effective in controlling the tissue parasite burden and,
consequently, the associated immunopathology in chronic chagasic mice while in the
absence of antigen-elicited immunity, parasite persistence and immunopathology dominated
in control mice.

DISCUSSION
In the present work, we utilized DNA-prime/MVA-boost approach to deliver the candidate
antigens, and investigated the protective efficacy of elicited immune mechanisms against T.
cruzi infection and Chagas disease.

Mice immunized with TcG2 and TcG4 elicited a strong parasite and antigen-specific type 1
(IgG2b>IgG1) antibody response that exhibited 38–60% antigen-binding avidity index and
86–88% trypanolytic efficiency, thus, indicating that delivery of antigens by DNA/rMVA
approach primed the immunized mice to respond with pathogen-specific effector antibodies.
Indeed, challenge infection resulted in a rapid and potent expansion of antibody response in
immunized mice. A decline in avidity index of IgGs in immunized/actely-infected mice
could be explained by the fact that high avidity IgGs were utilized to remove antigen (T.
cruzi), also supported by 82–86% decline in acute parasite burden in immunized mice. The
persistence of IgGsin immunizedmice at the onset of chronic phase is similar to the
observation of abundant anti-parasite lytic antibodies in clinically-asymptomatic (but not
clinically-symptomatic) chagasic patients [19]. Considering the pharmacological half-life of
IgGs is ~21-days [20], the long-term presence of high-avidity/lytic IgGs in immunized/
chronically-infected mice or human patients indicates ongoing secretion of antibodies from
plasma cells or memory B cells differentiation into plasma cells. There is no consensus on
whether or not persisting specific antigen is required for B cell maturation and antibody
secretion [21,22]. We surmise that TcG2- and TcG4-encoding DNA/rMVAs induced high
avidity/lytic antibody response via successfully priming the B cells that was further
expanded and was protective against challenge infection. The persistence of antibody
response after control of acute infection in immunized mice indicates long-term surveillance
by antibodies to ensure parasite control and is beneficial to the host.

Experimental studies suggest that if host is unable to develop a potent type 1 cytokine-
secreting CD4/CD8 T cells, and cytotoxic T lymphocytes activity against infection, then a
persistence of parasite-induced inflammatory response pursues. A high frequency of
inflammatory, especially granzyme+CD8+T cells, is invariably associated with pathology
and tissue destruction in chronic chagasic patients [23,24]. Others have shown a correlation
between inflammatory cytokine-producing CD4+T cells and clinical disease, and IL-10
production with clinically asymptomatic state in chagasic patients [25,26]. In our study,
CD8+T cells primed by immunization with TcG2/TcG4-encoding DNA/rMVAs responded
to in vitro and in vivo antigenic stimulation by prolific expansion, and exhibited cytolytic
effector phenotype evidenced by increased expression of CD107a, perforin and IFN-γ.
Importantly, the proliferation and expansion of effector T cells correlated with >5-fold
reduction in acute tissue parasite burden in immunized/infected mice as compared to the
controls. A dominant recruitment and proliferation of CD8+T cells (instead of CD4+T cells)
upon challenge infection suggests that this subset is primarily involved in the recall response
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and provided early control of parasite replication in immunized mice. The IFN-γ+CD4+T
cells likely assisted the cytotoxic mechanisms of phagocytes and served as helper cells for
the development of CD8+ CTL effector cells [27,28].

In the chronic phase (120 dpi), immunized mice exhibited 55–90% reduction in the
frequency of type 1 proinflammatory T cells and increased presence of IL-10+ T cells in the
lymphoid. Tissue persistence of parasites, inflammatory infiltrate, and fibrosis, the
hallmarks of chronic Chagas disease, were decreased by 82–92% in heart and skeletal
muscle of TcG2- and TcG4-immunized mice. We surmise that an effective control of acute
parasite burden below a threshold level in immunized provided the host ability to prevent T.
cruzi-mediated chronic inflammation and tissue damage, and a switch of host immunity to
type 2 cytokine and T cell response was indicative of prevention of clinical disease, as is
noted in human chagasic patients [29].

Recombinant MVA expressing immunogens from a variety of infectious agents (e.g., HIV,
Plasmodium) or tumor-associated antigens have been successfully tested in phase I and II
clinical trials [30–33]. In deciding which of our strategies might be more efficacious as a
clinical vaccine it is important that the vaccine formulation elicits potent long-term
protective immune response, is safe and simple. From our present and previous studies it is
clear that candidate antigens, depending upon the method of delivery, elicited different level
of protective immunity against T. cruzi (DNA/MVA>DNA/protein>DNA/DNA). The DNA/
protein approach provided protective efficacy only when mice were immunized with two
doses of TcG1-, TcG2- and TcG4-encoding plasmids + IL-12- and GM-CSF-encoding
plasmids followed by two doses of recombinant proteins [12]. We surmise that delivery of
TcG2 and TcG4 by DNA/rMVA approach is most efficacious in achieving resistance to T.
cruzi infection and chronic disease.

In summary, we have demonstrated that immunization with TcG2- or TcG4-encoding DNA/
rMVA enabled the host to control acute T. cruzi infection, and subsequently, prevent the
persistent activation and infiltration of inflammatory cells in the heart and skeletal muscle
that otherwise occur due to parasite persistence and result in tissue destruction during the
chronic phase. Our results provide us impetus to test the efficacy of two-component
(TcG2+TcG4) DNA/rMVA vaccine in experimental models and proceed with 1st-phase
clinical trial to test the immunogenicity of TcG2/TcG4-encoding DNA/rMVA in humans.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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• DNA-rMVAs-encoding TcG2/TcG4 primed type 1 immunity expanded robustly
upon T. cruzi infection.

• Immunization with TcG2/TcG4 provided resistance to T. cruzi and chronic
myocarditis.

• TcG2 and TcG4 are excellent candidates for vaccine against Chagas disease.
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Fig. 1. DNA/MVA delivery of T. cruziantigens induced Th1 pola rized, high-avidity, lytic
antibody response in mice
C57BL/6 mice were immunized with TcG2- and TcG4-encoding DNA/rMVA. Sera levels
of T. cruzi (TcTL) and antigen-specific IgGs (A&B) and IgG subtypes (C&D) were
determined by an ELISA. (E&F) Percent avidity of vaccine induced IgGs. Data (mean±SD)
presented in all figures are representative of three independent experiments (n=4/group/
experiment, *p<0.05, **p<0.01, ***p<0.001, immunized-versus-controls).
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Fig. 2. Splenic characterization of T cell response in immunized mice
Mice were immunized as in Fig. 1. (A) Splenic T cell profile 2-weeks after 2nd

immunization. (B&C) Splenocytes were in vitro stimulated with TcTL or recombinant
antigens. Shown are the mean percentage of IL-10+ and IFN-γ+ proliferating (Ki67+) CD4+

and CD8+T cells. (D) Flow cytometry quadrant analysis of CD8+T cells stained for CD107a
(Alexa Fluor 488) and IFN-γ (e-Fluor). (E&F) Shown are the percentage of CD8+IFN-γ+ T
cells that were CD107a+Perforin− (E) and CD107a+Perforin+ (F).
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Fig. 3. Expansion of immunization-induced antibodies in response to challenge T. cruzi infection
Mice were immunized as in Fig. 1, infected with T. cruzi (10,000/mouse), and sacrificed at
day 30 and 120 post-infection. The sera levels of T. cruzi- (A&B) and antigen- (C&D)
specific IgG and subtypes were measured by an ELISA. (E&F) Avidity index of sera
antibodies.
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Fig. 4. Splenic T cell response to challenge infection in immunized mice
Mice were immunized, infected, and harvested as in Fig. 3. (A) Splenic CD4/CD8 T cell
population. (B&C) Splenocytes were in vitro stimulated with TcTL or recombinant antigens
were incubated with fluorescent-conjugated antibodies as described in Materials and
Methods and analyzed by flow cytometry. Shown are the CD4+ (B) and CD8+ (C)
proliferating (Ki67+, panels a–c, g–i), and non-proliferating (Ki67−, panels d–f) T cell
subsets and their intracellular cytokine (, IFN-γ: panels d–i)) profile.
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Fig. 5. Functional profile of splenic T cells in immunized mice chronically infected with T. cruzi
Mice were immunized and infected as in Fig. 3, and harvested at day 120 post-infection. (A)
Splenic frequency of CD4/CD8 T cells. (B&C) Splenocytes were stimulated as in Fig. 4.
Shown in (B) are the mean percentage of CD4+T cells that were IL-10+ (a–c) or IL-4+ (d–f);
and in (C) the mean percentage of CD8+T cells that were IL-10+(a –c) or Ki67+IFN-γ+ (d–
f), measured by flow cytometry.
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Fig. 6. Control of inflammatory infiltrate, tissue pathology and parasite burden in TcG-2 and
TcG4-immunized mice
(A&B) H&E staining (blue: nuclear, pink: muscle/cytoplasm/keratin) of heart-tissue and
skeletal muscle sections from immunized and control mice, harvested at day 30 (A&C) and
120 (B&D) post-infection (magnification: 20X). (C&D) Real time PCR amplification of T.
cruzi 18SrDNA sequence, normalized to GAPDH.
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