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Abstract

Chagas’ Disease i a zoonosis prevalent in Latin America caused by the protozoan Trypanosoma
cruzi. The immunopathogenesis of cardiomyopathy, the mam clinical problem m Chagas® Diseage,
has been extensively studied but is still poorly understood. Here we systematically compared
clinical, microbiologic, pathologic, immunologic and molecular parameters in two mouse models
with opposite sugceptibility to acute myocarditis caused by the myotropic Colombiana strain of 7.
cruzi: C3H/HeSnJ (100% mortality, uncontrolled paragitism) and C37BL/6J (<10% mortality,
controlled parasitism). 7. cruzi induced differential polarization of immunoregulatory cytokine
mRNA expression in the hearts of C57BL/6J versus C3H/HeSnJ mice, however most differences
were small The difference in IL-10 expression was exceptional (C37BL/6J 8.7-fold = C3H/
HeSnJ). Consistent with thig, hearts from infected C537BL/6J mice, but not C3H/HeSnJ mice, had
a high frequency of total IL-10-producing CD8" T cells and both CD4 and CD8* gubsets of
IFNy'TL-10" double-producing T cells. Furthermore, 7. crzi infection of IL-107/~ C57BL/6J
mice phenocopied fatal mfection n wild type C3H/HeSnJ mice with complete loss of parasite
control. Adoptive transfer experiments indicated that T cells were a source of protective IL-10.
Thus, in thig system IL-10 production by T cells promotes I cruzi control and protection from
fatal acute myocarditis.
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Introduction

Chagas™ Disease is a vector-bome zoonosis restricted to Latin America cansed by mfection
with the protozoan Trypanasome cruzi. The prevalence of Chagas’ Disease remains high,
approximately 10 million in the year 2006 according to estunates by the World Health
Organization [1], in part due to madequate implementation of vector and blood supply
control programs. Cwirently, there is no vaccine available and the few approved drugs are of
limited uze due to serious side-etfects and limited efficacy [2]. Risk factors and
mmmunopathogenic mechanisms in 7. crz infection are poorly understood. The acute phase
15 usually short and subclinical, but over time ~20-30% of patients progress to clinically
evident Chagas’ Disease, mainly manifest as dilated cardiomyopathy [3].

Consistent with the intracellular lifestyle of 7. cruzi, studies n animal models and with
human subjects strongly suggest that it induces a Thl-polarized inmune-mediated process
in affected organs [4]. Mice genetically deficient in the gignature Thl cytokines IL-12 or
IFNy, the IFNy—mduced effector enzyme iNOS [5], the Thl-associated chemokine receptors
CCR2 [6] or CCRS5 [7], and the Thl-agzociated ligands for chemokine receptor CXCR3 [8]
all develop mcreased parasitism after mfection, and some have high acute mortality.
Persistent parasitism and type 1 responsges may promote progression to the chronic phase. In
animal models of chronic infection, parasite DNA and antigens are still found in infected
tigsues in the presence of cell mfiltration and fibrosis, indicating an inappropriate or
meffective immune response. In chronic human 7. ¢ruzi infection, the cytokine profile in the
heart ig also Thl-polarized [9], and PBMCs produce high levels of IFNy and low levels of
IL-10 [10].

A problem in nterpreting results from mouse models of 7. crezi nfection is that many
different models have been used with many different parasite straing and inocula and diverse
mousge gtraing, with variable outcomes from the many labs working m the field. In the
present study, we have systematically and directly compared the clinical, parasitologic,
pathologic, immunologic and molecular correlates of infection using the myotropic
Colombiana strain of 7. cruzi [11] in two experimental mouse models with opposite
outcomes: C3TBL/6J, which control paragitism and survive infection, and C3H/HeSnJ,
which fail to control parasitism and die. This approach allowed us to identify a strong
aggociation of IL-10 and IL-10-producing cells with resistance and to test the functional
mmportance of IL-10 directly using gene knockout mice and adoptive transfer experiments.
Thisg confirms previous reports of IL-10 as a protective factor in 7. oruzi nfection [12-15]
and provides new insights with regard to the source of IL-10 and its effects on parasitism.

Materials and Methods

Animals and Parasite

The following mice were obtained from Jackson Laboratory (Bar Harbor, ME): Wild type
male C57BL/6J mice (stock number 664); wild type male C3H/HeSnJ mice (stock number
661); IL-10 deficient male mice (stock number 2251, backcrossed for 10 generations onto
the C57BL/6J background), RAG-1 deficient male mice (stock number 2216, backcrogsed
for 10 generationg onto the C57BL/6J background); C3.8W-H2b/SnJ male mice (stock
number 0438); and C3H/HeJ male mice (stock number 659). Inbred wild type male C3H/
HeN mice and wild type male C57BL/6N mice were obtained from Taconic Farms (Hudson,
NY). Parasitemia and mortality were similar after 7. eruzi infection of the C57BL/6 and
(C'3H/He lines obtamed from Jackson and from Taconic Farms (not shown). Mice were
infected at 8-10 wks of age and housed i cages under specific pathogen-free conditions. All
animalg were used under the auspices of a protocol approved by the National Institute of
Allergy and Infectious Dizeages Animal Care and Uge Committee. The myotropic
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Colombiana strain of Frypancsoma crizi, obtained from Dr. Fuyuki Tokumasu and Dr.
James Dvorak (Laboratory of Malaria and Vector Research, NIATD/NIH) was mamtained
by serial passage m Swiss Webster mice (Taconic Farms) every 21 days. Animals were
infected mtraperitoneally with 1,000 blood-stage trypomastigote forms of 7. eruz.
Parasitemia levels were determined by light microscopy by counting the number of parasites
i an unstamned 5 pl drop of whole blood drawn from the tail vein and mounted between a
microscope slide and cover slip at 400X magnification, as described [16].

mRNA Analysis

Real-time RT-PCR was performed asg previously described [17], with minor modifications,
usmg tissues from infected and control mice. Total RNA was isolated from hearts usmg an
RNeasy kit (Qiagen, Valencia, CA) and real-time RT-PCR was performed on an ABI
PRISM 7900 sequence detection system (Applied Biosystems, Foster City, CA) using
SYBR Green PCR Master Mix (Applied Biosystems) after reverse transcription of 1 pg
RNA using M-MLV reverse transcriptase (Promega, Madison, WI). The relative level of
gene expression wag determined by the comparative threshold cycle method ag described by
the manufacturer, in which data for each sample were normalized to hypoxanthine
phosphoribosyltransferasze (HPRT), and expressed ag fold-change compared with uninfected
controls. The primer zequences are available upon request.

Quantification of Parasite Tissue Loads by Real-Time PCR

Real-time PCR was performed ag described previously [18], with minor modifications.
Briefly, on different days after mfection, DN A was extracted from heart, spleen and liver
usmg a DNeagy kit (Qiagen). Real-tine PCR using 50 ng of total DNA was performed on an
ABIPRISM 7900 sequence detection system using SYBR Green PCR Master Mix
according to the manufacturer’s recommendations. The level of host DNA was determined
by measurement of genomic IL-12 p40 PCR product levels in the same samples. Purified 7.
cruzi DNA, obtained from trypomastigote cultures maintained iz vitro, was sequentially
diluted for standard curve generation in aqueous golution containing equivalent amounts of
DNA from uninfected mouse tigsues. The following 7. eruzi specific-prim ers were uged,
targeting a 195-bp repeat m the TCZ region: 5'-GCTCTTGCCCACAMGGGTGC-3'
(forward), where M = A or C, and 5'-CCAAGCAGCGGATAGTTCAGG-3' (reverse). The
genomic IL-12 p40-gpecific primers were: 5'-GTAGAGGTGGACTGGACTCC-3' (forward)
and 5'-CAGATGTGAGTGGCTCAGAG-3' (reverse).

Histopathological Analysis

Mouse organs were removed and washed in sterile PBS. Immediately after drying the
swrfaces by tamping with absorbent paper, organs were fixed in 4% butfered
paraformaldehyde and processed tor paraffin embedding. Six pum thick sections were cut
with amicrotome, then stained with hematoxylin and eosin to investigate inflamm ation and
parasitism, or with Gomori’s Trichrome to assess collagen content. Cardiac parasitism and
mflammation were analyzed with a Zeiss integrating eyepiece with 100 hits (Oberkohen,
Germany) at afinal magnification of 400X, A total of 3000 hits were evaluated in each
section of cardiac tissue. The infection and mflammation indices represent the number of
hits covered by amastigote nests and mflammatory cells, respectively.

Flow Cytometry

Flow cytometry was performed as previously described [19], with modifications. Briefly,
animals were first euthanized under C O, anesthesia Spleens were removed, injected with
Liberase CI (0.45 mg/mL, Roche Applied Sciences, Indianapolig, IN), placed in serum-free
RPMI 1640 (Invitrogen, Carlsbad, CA), quickly vortexed and then mcubated at 37°C for 30
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minutes. Spleen smgle cell sugpensions were prepared by passing tissue through a 40-pm
nylon cell strainer in PBS contaming 2% FBS (Hyclone, Thermo Scientific, Waltham, MA)
and EDTA. 4-5 hearts were pooled and minced i Liberage CI (0.45 mg/mL), quickly
vortexed, and mcubated at 37°C for 30 minutes. The cells were centrifuged m 35% Percoll
(Amersham-Pharmacia Biotech, Piscataway, NJ) for 15 min at 700 g. Spleen and heart
sugpensions were hemolyzed in ACK buffer (Lonza BioWhittaker, Walkersville, MD).

A total of 10° freshly isolated cells were analyzed immediately ex vivo for surface marker
expression or apoptosis/necrosis markers (Annexin V/PI; Annexin V Apoptosig Detection
kit conjugated to FITC, eBioscience, San Diego, CA), or after bemg cultured for 6 h with
either medium alone or with plate-bound anti-CD3 (3 pg/ml) for intracellular cytokine
expression. During the last 3 h of culture, Brefeldin A and Monensm (1 pg/ml each) (BD
Pharmingen, San Joge, CA) were added for intracellular cytokine staining. Before adding
antibodies, cells were washed m PBS and mcubated for 30 minutes with an amine-reactive
fluorescent dye to exclude dead cells (LIVE/DEAD Fixable Violet Dead Cell Stain Kit,
Invitrogen). The following labeled rat or hamster anti-mouse mAbs were used: anti-TCR p-
Alexa fluor 700 (clone H37-597), anti-CD8-APC Alexa fluor 750 (clone 53-6.7), anti-Gr-1-
PECyS (clone RB6-8C5), all from eBioscience (San Diego, CA); anti-CD 11b-FITC (clone
M1/70) and anti-I-A/T-E-biotin (clone 2G9), from BD Pharmingen; and anti-C’D4-Pacific
orange (clone RM4-5), from Caltag-Invitrogen (Carlsbad, CA). Cell suspensions were then
fixed and permeabilized according to the manufacturer’s instructions (Fix/Perm kit; BD
Pharmingen). To analyze activation markers, the cell suspensions were stained with the
following labeled rat anti-mouse mAbs: anti-CD44-Pacific Blue (clone IM7, BioLegend,
San Diego, CA) and anti-CD62L-PECy7 (clone MEL-14), from eBiogcience (San Diego,
CA). Intracellular staining was performed ugsing the following labeled rat or hamster anti-
mouge mAbs: anti-IL-10-PE (clone JES5-16E3) and anti-IL-17A-PerCP-Cy5.5 (clone
TC11-18H10), from BD Pharmingen; anti-IFN-y-PECy7 (clone XMG1.2), anti-TNF-o
Pacific blue (clone MPG6-XT22), and anti-Foxp3-FITC (clone FIK-168), from eBioscience.
To analyze cell proliferation, cell suspensions were stamed with mouse anti-human Ki-67-
PE (clone B56, BD Pharmingen). Quantum dot 605-conjugated streptavidin (Invitrogen,
Carlsbad, CA) was added during mtracellular staining to bind anti-I-A/T-E-biotin. Data were
collected uzing an L3R IT (BD Immunocytometry Systems) with Diva software (BD
Biosciences) and analyzed with FlowJo software (Tree Star).

Adoptive Transfer

T cells were pooled from spleens and lymph nodesg of 5 naive WT or 5 IL-10 KO mice by
negative selection (Pan T Cell Isolation Kit, Miltenyi Biotec). CD3™ T cells were further
purified with PE-labeled anti-CD3e (145-2C11, BD Biosciences) by cell sorting using a
FACSAria instrument (BD Biosciences). A total of 2 < 10° FACS-purified CD3" T cells
(=98% pure) from WT or IL-10 KO mice were mjected iv. into RAG-1-deficient mice,
which were then infected 24 hours later with 7. e7uzi and analyzed for parasitemia and
mortality.

Statistical Analyses

Results are shown as means = SEM. Ditferences between groups were compared using the
Students ¢ test (two sets of data) or one-way ANOVA (three or more sets of data), followed
by the Student-Newman-Keuls post hoe test. Survival curves were analyzed using the
Logrank test. Differences were considered gignificant at p < 0.05.
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Results

C57BL/6J mice, but not C3H/HeSnJ mice, control parasitism and survive after infection
with T. cruzi

During experiments designed to study immunoregulation in the acute phase of 7. cruzi
(Colombiana strain)-induced myocarditis using candidate gene knockout mice on the
C37BL/6J background, we found that acute mortality in wild type mice was very low and
myocarditis wag mild to moderate. Thig outcome differs from other reports using thig strain
of 7. cruzi with CSTBL/6 mice [20, 21]. In contrast, during experiments designed to study
mmmunoregulation of the chronic phase of 7. cruzi (Colombiana strain)-induced
cardiomyopathy using C3H/HeSnJ mice, 100% of animals died by 40 days p.1. and
myocarditis was severe. Thig outcome differs from other repoits uszing this stram of T cruzi
with C3H/He mice [19, 22, 23]. We do not know why these unexpected outcomes occuired,
although possibilities mclude 1) differences in experimental protocol, mcluding gender and
moculum differences; 2) mutations that may have accrued over time in either the parasite or
mousge gtrain; and 3) environmental differences including changes in the microbiome
agsociated with different animal facilities. Whatever the reason, the existence of these two
models of dizease using the same parasite strain, same moculum, same gex, and same mouse
facility provided an opportunity to evaluate immunoregulatory correlates of resistance
versus susceptibility during the acute phase of mfection directly and i a systematic manner.

T. cruzi infection of wild type C3H/HeSnJ mice resulted in low levels of paragitemia until
day 14 p.i. when it accelerated dramatically, peaking at 2 » 107 parasites/mL of whole blood
(Fig. 1A). In contrast, parasitemia m wild type C57BL/6J mice was much lower than
C3H/HeSnJ mice after day 14 p.i., 20-fold less at peak (32 days p.1.), and slowly and
progressively declined until by day 78 p.i., when measurements were digcontinued, only an
occasional parasite could be detected mn some animals (Fig. 1A). Consistent with this,
survival of infected C57BL/6J mice m the acute phase was 91.7% until at least 210 days
atter infection, when the experiments were stopped (Fig. 1B, and data not shown).

We alzo compared parasite burden n the two mouse lines m heart, spleen and liver after
mfection (Fig. 1C). Consistent with previous reports that the Colombiana strain is
myotropic, 7. crizi DNA levels were much greater in the hearts from both lines of mice than
i either spleen or liver from the comresponding line. However, C3H/HeSnJ parasite load
was greater than C57BL/6J parasite load mn all three organs. This was particularly striking m
the heart, where parasite burden wag 160 tunes greater for C3H/HeSnJ than for CS7BL/6J
mice on day 30 p.i. (Fig. 1C). This fold-increase was 16 and 30 times greater than those
observed in gpleen and liver, respectively.

C3H/HeSnJ mice, but not C57BL/6J mice, develop severe myocarditis and cardiac failure
in the acute phase of T. cruziinfection

Since 7. cruzi 1s able to infect many organs and multiple cell types, we next performed
comprehensive anatomic and histopathologic analysis to determine the extent of disease and
the proximate cause of death. All C3H/HeS3nJ mice examined were either found dead or
were euthanized after fulfilling protocol criteria for euthanasia at 28-31 days p.1. C57BL/6J
mice were euthanized on day 32 p.i. m good clinical condition. Seven out of 10 C3H/HeSnJ
mice examined had pleural effusions secondary to cardiac failure caused by severe
myocarditis, which appeared to be the cause of death. The three mice that did not have
pleural effusion still had gevere myocarditis. Histopathologic analysig showed that the heart
(Table I, Fig. 2) and skeletal muscle (data not shown) were the most ditferentially affected
organs in C3H/HeSnJ versug C57BL/6J mice. In addition to severe myocarditiz and
moderate fibrosis (Fig. 2), the hearts of infected C3H/HeSnJ mice had moderate to severe
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multifocal necrosis, multifocal mimeralization and numerous amastigote pseudocysts (Table
I, Fig. 2). Eight out of ten animals analyzed had endocardial thrombi in the right atrivm and/
or right ventricle. In contrast, infected CS7BL/6J mice had only mild to moderate
myocarditis and mild fibrosis, without signs of cardiac necrosis or mineralization and very
few amastigote pseudocysts (Table I; Fig. 2). Myocarditis was primarily lymphocytic in
both C3H/HeS3nJ and C57BL/6J mice, but PMNs were alzo found in C3H/HeSnJ hearts in
agsociation with thrombi (data not shown). In the spleen, both C3H/HeSnJ and C57BL/6T
mice had moderate extramedullary hematopoiesis and moderate lymphoid hyperplasia. The
livers of both lines of mice had mild extramedullary hematopoiesis. Infected C3H/HeSnJ
mice had mild-moderate mflammatory cell infiltrates in all other organs where parasites
were detected (bram, spinal cord, brown fat, lung and ezophagug), kidney, adrenal gland,
thyroid and pancreas lacked both cellular infiltrates and detectable parasites by light
microscopy. At the cellular level, parasites were detected in C3H/HeSnJ mice in cardiac
myocytes, skeletal muscle myofibers and brown fat adipocytes in 100% of mice examined
(n =29 or 10), m lung myocytes from 6 of 10 mice examined; in brain neurons and glial cells
from 3 of 6 mice examined; m spinal cord mflammatory cells and glial cells from 4 of 9
mice examined; and in esophageal myocytes from 3 of 10 mice examined.

Myocardial infiltrates after T. cruziinfection have a higher frequency of
Gr1MiCD11b*TCR ~ cells, but a lower frequency of CD8* T cells in C3H/HeSnJ mice
compared to C57BL/6J mice

Since C57BL/6J mice appeared to mount a clinically effectrve and appropriate response to
the pathogen, whereas C 3H/HeSnJ mice responded meffectively, we next tested whether this
difference in susceptibility could be linked to MHC haplotype, as previously suggested [24].
C3H/HeSnJ mice are H-2k, whereas C537BL/6J mice are H-2b. When we infected C3.SW/
SnJ mice, which are C3H/HeSnJ animals that carry MHC haplotype H-2b (the same ag
C57BL/6T), parasitemia remained uncontrolled and mortality was still 100% (data not
shown).

Therefore we next mvestigated the local immune responsges m the heait to identify specific
differences at the cellular and molecular level that might contribute to opposite outcomes in
these mice. First we 1solated leukocytes from hearts for flow cytometric analysis. In both
uninfected C57BL/6J mice and uninfected C3H/HeSnJ mice, very few leukocytes were
detectable in the heart by either histopathologic examination (data not shown) or by FACS
analysis (datanot shown). After infection, leukocytes accumulated in greater numbers in
C3H/HeSnJ mice relative to C57BL/6J mice, and the distribution of subzets was different. In
particular, the frequency of CDSTTCRPY T cells was significantly higher in C57BL/6T than
in C3H/HeSnJ mice (Fig. 3). Conversely, the frequency of Gr1™CD11b™TCRB™ cells, which
contains neutrophils, was significantly lower in C57BL/6J than i C3H/HeSnJ mice (Fig. 3).
There was no significant difference in the two lines in the frequency of CDATTCRPH T cells,
or monocyte/macrophages (Grl'™-CD11b TCRP™ cells) in the heart (Fig. 3). The frequency
of Foxp3TCD4" Tregs was also similar in the heart (0.67 + 0.02 vs 1.23 + 0.41% for C57BL/
6J and C3H/HeSnJ mice, respectively). Regarding potential mechanisms, the frequency of
Gr1MCD11bTTCRB™ cells in the spleen before infection was lower in C57BL/6J than in
C3H/MHeSnJ mice (0.6 £ 0.1% vs 1.9 + 0.4%, p=0.006), perhaps accounting in part for the
reduced Gr1®CD 116 TCRP™ cell frequency found in infected C'57BL/6J hearts relative to
C3H/MHeSnJ hearts (Suppl. Fig. 1A). No statistically significant difference was found in the
spleen in the frequency of any other cell type analyzed in the two strains before infection:
CD8+ T cells (32.3 £2.4% vs 27.5£1.9%), CD4+ T cells (51.6 £ 7.6 ve 61.2 £ 4.1%),
monocyte/macrophages (9.1 £ 2.0% vs 7.9 £ 0.7%), and Tregs (5.4 £ 0.7 v& 6.1 £ 0.4%) for
C57BL/6J and C3H/HeSnJ mice, respectively (Suppl. Fig. 1A).
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As in the heart, the spleens of infected CS7BL/6J mice contained a higher frequency of
CDSTTCRPY cells than spleens from infected C3H/HeSnJ mice (45.5 + 7.8% vs 28.9 +
2.3%; p=0.002) (Suppl. Fig. 1A). The frequency of the splenic CDATTCRPY population was
glightly lower m infected C37BL/6J than infected C3H/HeSnJ mice (30.1 £4.0% vs 36.6 +
3.0%; p=0.02). There was no significant difference between the two straing m the frequency
of splenic monocyte/macrophages and PMN« after mfection (Suppl Fig.1A).

T. cruzi induces differential polarization of immunoregulatory cytokine and chemokine
gene expressionin C57BL/6J versus C3H/HeSnJ mice

To search for molecular candidates that might control outcome after 7. crwz nfection of
C3S7BL/6T and C3H/HeSnJ mice, we performed a survey of immunoregulatory cytokines
and chemokines, effector enzymes and transcription factors, using RNA igolated from the
heait 30 days after infection. Of 44 factors tested, infection with 7. cruzi induced expression
by at least 2-fold for 39 in C37BL/6J mice and for all 44 in C3H/HeSnJ mice (Table II).
Genes that were expressed at least 5-fold higher in infected C3H/HeSnJ heart relative to
infected C57BL/6J heart meluded those encoding the CXC chemokines Cxel2, Cxel9 and
Cxclll; the chemokine receptors Cxer3, Cerl, Cer3, Cerd and Cer6; the cytokines IL-13 and
IL-17A; and the effector enzymes Nitric Oxide Synthage-2 (NOS-2) and Arginase-1
(ARG-1). After infection we found strong induction in the hearts of both lines of mice tor
cenes encoding Ccld and Ccl5 (the ligands for Cer3, and Cerl, Cer3 and CerS respectively),
and IL-12 p40, however the differences between strains for each gene were only ~2-fold.
The only tactor tested that was strongly overexpressed after mfection (8.7-fold) in C57BL/6J
heart relative to C3H/HeSnJ heart was IL-10 (Table II).

Myocardial infiltrates after T. cruzi infection have a higher frequency of IL-10*CD4* and
IL-<10*CD8* effector T cell subsets in C57BL/6J mice compared to C3H/He SnJ mice

We next defmed 7. cruzi induction of IL-10 and other major immunoregulatory cytokine at
the protein and cell level by FACS analysis of leukocytes that accumulated in the heart
28-30 days p.i. When leukocytes isolated from either heait or spleen of 7. oruzi-mfected
mice were stimulated with either culture medium or 7. cryz lysate antigen, no mtracellular
cytokine production was detectable. However, after stimulation with anti-CD 3, we were able
to detect IENy', IL-10" and TNFat, but not IL-17+ cells, among both the CD4% and CD8*
subgzets of T cells izolated firom infected hearts of both C537BL/6J and C3H/HeSnJ mice (Fig.
4). No IL-107Gr-1'"Y-CD 11bTTATTCRB™ myeloid cells were identified. Also, we were not
able to detect these four intracellular cytokines in splenocytes igolated from uninfected mice
from either strain after stimulation with anti-CD 3 (data not shown). Consistent with
mcreased gene expression for Cxer3 and IFNy in mfected C3H/HeSnJ mice relative to
infected C'S7BL/6J mice, we observed a higher frequency of IFNy"CD4" and IFNv'CDS* T
cells in the hearts of infected C3H/HeSnJ mice relative to infected C57BL/6J mice, although
the differences were less than 2-fold. There were also differences in the frequency of TNFa-
producing CD4" and CDS™ T cells and IL-10-producing CD4™ T cells after infection
between C37BL/6J and C3H/HeSnJ mice, but agam the differences were at most ~2-fold. In
contrast, the frequency of IL-10-producing CD8" T cells was much greater, approximately
10-fold, in infected heaits from CS7BL/6J mice compared with heaits from mfected C3H/
HeSnJ mice (Fig. 4C).

Analyzig of double-cytokine producing cellg in the heart upon 7. cruzi infection revealed
additional large differences between the two straims related to IL-10. None of the
IL-10YCD4" or IL-10YCD8T T cells in either infected CS7BL/6J or infected C3H/HeSnJ
hearts was also producmg TNFo (datanot shown). Yet, in infected C57BL/6T hearts most
(~99%) of the IL-1017CD4" and IL-101CD8" T cells were also producing IFNy (Fig. 4B-C).
In striking contragt, in infected C3H/HeSnJ hearts there were almost no IL-10YCD 8" T cellg
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(~1%) (Fig. 4B-C) and very few IL-107CD4" T cells (6%); most of the IL-10TCD4™ T cells
were also producing IFNy (Fig. 4B-C). AIl TENy CDS' T cells from infected C3H/HeSnJ
hearts failed to express IL-10, and thus appeared to have a clagsic Thl immunophenotype
(Fig. 4B-C), whereas in infected C57BL/6T hearts 35% of the IENv CDS8" T cells were also
positive for IL-10 (Fig. 4B-C); infected hearts from neither strain of mice contained
IL-10TIFNy CD8" T cells (Fig. 4B-C).

Regarding TNFu, the frequency of IFNy TNFaCD8* T cells was similar in infected
C57BL/6J and C3H/HeSnJ hearts (Fig. 4B-C), and the frequency of IFNy T TNFatCD4T T
cells was only 2-fold greater n infected C3H/HeSnJ than i infected CS7TBL/6J heaits (Fig.
4B-C). Very few TNFaTFNy~ cells were detectable in either the CD4™ or CDS* T cell
population i either stramn of nfected mice (Fig. 4B-C). In the gpleen of infected C57BL/6J
mice, in both the CD4" and CD8' TCRB™ populations, single positive cells for IFNy and
TNFo and double positive cells for IFNy/TNFo were mcreased compared to mfected C3H/
HeSnJ mouse spleen (Suppl. Fig. 1B and C). Thus the level of IL-10 production in the heart
by mfiltrating CD8+ T cells stood out as amajor correlate of susceptibility n C3H/HeSnJ
versus C57BL/6J mice infected with 7. cruzi.

Since IL-10 1¢ an important regulator of cytokine synthesis by APCs, it i possible that under
conditions where it ig present in low amounts, as in infected C3H/HeSnJ mice, T cells
become overwhelmingly activated and die. To test this possibility, we analyzed activation,
proliferation and apoptosis markers in T cell populations. A slightly higher percentage of
activated CD8T T cells (C.‘DGILIOC.‘D-Hhi} wag detected m infected hearts of C57BL/6J mice
compared to infected C3H/HeSnJ mice (Suppl. Fig. 2A). No difference was detected in the
expression of the proliferation marker Ki-67 in CD4" and CD8™ T cell populations isolated
from infected hearts in both straing (Suppl. Fig. 2B). Fmally, staming with Annexin V and
propidium iodide (PT) for measurement of apoptotic and necrotic cells, respectively,
revealed a higher percentage of CD4™, but not CD8™, T cells undergoing cell death in hearts
from infected C57BL/6J mice than from mfected C3H/HeS3nJ mice (Suppl. Fig. 2C and D).
Thus, the data do not support massive overactivation and death of T cells in C3H/HeSnJ
mice ag alikely mechanizm for failure to control the parasite in this strain.

A particularly striking finding from this analysis is that in the infected heart the frequency of
IL-10TIFNYy ™ cells was higher in C57BL/6Jmice than in C3H/HeSnJ mice in both the CD8*
and CD4" T cell populations (Fig. 4B-C), whereas the frequency of IFNy'IL-10" cells was
higher in C3H/HeSnJ mice than in C57BL/6J mice in both CDSY and CD4™ T cell
populations (Fig. 4B-C). Together these obgervations suggested that IL.-10 coming firom
both IFNy/IL-10 double producer and IL-10 single producer T lymphocytes might prevent
the intensze inflammatory response and parasitemia obgerved in 7. cruzi-nfected C3H/HeSnJ
gtrain.

T. cruzi infection in a highly resistant C57BL/6J model is uniformly fatal in the absence of

IL-10

To test the functional mportance of IL-10 i T.oruzi-infected mice, we mfected IL-10-
deficient mice on the C57BL/6T background. As expected, parasitemia in wild type control
mice peaked at day 30 and was cleared by day 50 (Fig. 5A). In contrast, IL-10™/" mice on
the C57BL/6J background failed to clear parasitemia, which mcreased linearly until death of
all animals, just as we had observed with mfected wild type C3H/HeSnJ mice (Fig 5A).
Death occurred between 20-42 days p.i., whereas 95% of wild type control mice survived
through day 90, when the experiment was terminated (Fig. SB). Interestingly, IL-10
knockout mice began to die before the WT and KO parasitemia curves began to diverge.
Similar to what we had observed with low IL-10-producing C3H/HeSnJ mice atter mfection,
hearts from mfected IL-10 KO mice had significantly higher levels of parasite DNA (Fig
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5C), more amastigote nests (Fig. 5D) and more intense myocarditis (Fig. 5D, E) when
compared to infected WT C57BL/6J mice.

IL-10 deficiency skews the distribution, proliferation and survival of T cells in the hearts of
T. cruzi-infected mice

We next compared T cell activation, proliferation, apoptosis and necrosig in the hearts of
IL-10 KO and control mice. As we had observed for C3H/HeSnJ mice (Fig. 3C), after
infection we observed a reduced frequency of CD8' T cells in hearts of IL-10 KO mice
compared to C57BL/6J WT mice (Fig. 6A). However, unlike infected C3H/HeSnJ (Fig. 3C)
and C57BL/6J mice, infected IL-10 KO mice had a predominance of CD4™ T cells in the
myocardium (Fig. 6A). In addition, the frequency of Foxp3™ CD4% Treg cells was
significantly reduced in hearts isolated from infected IL-10-deficient mice ag compared to
infected control mice (Fig. 6B). We also found a slightly decreased percentage of CD8'T
cellg that were IKi-671 in the hearts of infected IL-10 knockout mice (Fig. 6C), suggesting a
lower proliferative capacity compared to controls. Regarding activation, however, no
difference between the two infected straing was identified i CD44 and CDG2L expression
by cardiac CD4% or CD8' T cells. Of note, double staining by both Annexin V and PI wag
increased in both CD4% and CDS8Y T cells isolated from infected IL-10 KO hearts ag
compared to controls (Fig. 6E), but single-stained Annexin V+ cells were similar in
frequency (Fig. 6F), suggesting that a higher percentage of the cells iz undergomg late
apoptosis or necrosis mn infected IL-10 KO mice.

In the spleen, we observed an mverted CD4/CD8 ratio m infected IL-10 ko mice compared
to controls, with the frequency of CD4T T cells significantly increased compared to infected
WT mice (Suppl Fig. 3A). In addition, splenic CD41 T cells from infected IL-10 ko mice
had a slightly increased percentage of activated cells (CD44MCD62L1°) compared to
mfected WT mice (Suppl. Fig. 3A). No difference was obsgerved i expression of the
proliferation marker Ki-67 (Suppl. Fig. 3A). However, in the CD8" T cell population
(Suppl Fig. 3B), we found a decreased percentage of activated and proliferating cells
(CD44M D621 and Ki-67", respectively) (Suppl. Fig. 3B). With regard to cell death, there
wag an increased frequency of both CD41 and CDS8™ T cells undergoing apoptosis in
infected WT mice as compared to mfected IL-10 KO mice (Suppl. Fig. 3A and B).
However, an increased percentage of CD4" AnnexinV' PI" cells was observed in IL-10-
deficient mice (Suppl Fig. 3A), suggesting that an increased rate of late apoptosis/necrosis
wasg occuriring in the gpleens of these mice.

Adoptive transfer of T cells from wild type mice, but not from IL-10 knockout mice,
prolongs survival of T. cruzidinfected RAG-1 deficient mice

We hypothesized that the source of IL-10 protecting mice from fatal 7. criezi mfection
C'57BL/6J mice was the T cell. To test this, we transferred sorted CD3" T cells isolated from
either WT or IL-10 KO mice to 7. cruzi-infected RAG-1-deficient mice, which produce no
mature T or B cells and have been previously shown to be extremely susceptible to 7. cruzi
mfection [13]. Confirming this, we found that 100% of RAG-1-deficient mice succumbed to
infection by day 24 p.i., with parasitemia increasing linearly with tine, reaching levels as
high as 3.5 » 107 parasites/'mL at death (Fig. 7). Consistent with our hypothesis, transfer of
CD37" T cells isolated from naive WT mice into infected RAG-1 KO mice significantly
prolonged survival, although not to wild type levelg, with the final mouse dying on day 37
p-1. (p=0.0001, Fig. 7). Moreover, m adoptively transferred mice parasitemia appeared to be
well-controlled until day 23 p.i., after which it increased linearly until death of the animals,
reaching levels as high as 4.2 108 parasites/mL (Fig. 7). In contrast, CD3" T cells isolated
from naive IL-10 KO mice were not protective when injected into infected RAG-1 KO mice.
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On the contrary, they accelerated mortality slightly, with 100% of mice dying on either day
19 or 20 p.1 (p=0.0008, Fig. 7B).

Discussion

In the present study, we have demonstrated that IL-10 is a strong protective factor against
fatal acute myocarditis in a mouse model of 7. cruzi mfection. Our results are consistent
with previous reports in which genetic inactrvation or immunologic neutralization of IL-10
mcreased mortality and acute myocarditis in mouse models of 7. orezi mfection [12-15], and
extend those reports in four important ways: 1) by identifying the T cell ag a critical source
of protective IL-10 through adoptive transfer studies; 2) by delineating the precise
immunophenotypes of IL-107 T cell subsets accumulating in the hearts of infected mice; 3)
by showing that IL-10 deficiency results not only in exaggerated immunopathology m the
hearts of infected mice, but alzo m logg of paragite control; and 4) by showing that T, cnezi
mfection of IL-10 KO CS57BL6J mice phenocopies mfection i wild type parasite-
susceptible C3H/HeSnJ mice, in which IL-10 induction by the parasite is weal:.

With regard to finding #3, earlier reports had also described exaggerated immunopathology
i . cnezi-infected IL-10 knockout mice, but in contrast to our study, this occurred in the
face of reduced parasitemia levels [12-15]. The discrepancy may be due to the fact that
paragitemia was simply not measured at the relevant time points m the previous studies. In
fact, we algo found reduced parasitemia m IL-10 knockout mice at early stages post-
mfection, when parasitemia is also quite low i wild type mice (day 14 in Figure 1 and 5).
However, the major point is that there ig a critical timepoint, 14-21 days post-infection in
mice, beyond which there ig a logg of control and parasitemia increases mexorably with
tine.

In the hearts of infected parasite-resistant C'57BL/6J mice, we found that both CD4% and
CDS8* T cells express IL-10, and, consistent with a functional role, that transfer of CD3T T
cells from WT but not from IL-10 KO mice delayed mortality in susceptible RAG-1 KO
mice. Additional work will be needed to precisely define whether the relevant CD3" T cell
source of IL-10 in the model is CD4*, CD8* or both. Moreover, since rescue of infected
RAG-1 knockout mice with WT CD3% T cell transfer was incomplete, other IL-10-
producing leukocytes outzide the T cell lineage may also contiibute to protection in the
model. Interestingly, the effect on paragitemia was also intermediate m RAG-1-deficient
mice transferred with WT CD3™ T cells, which suggests that either a threshold has been
crossed or else that other factors collaborate with parasitemia level to determine the
mortality rate in the model The role of CD8" T cells in 7. cruzi infection is likely to be
complex. Although they are thought to contribute to inmunopathology in patients with
chronic chagasic cardiomyopathy [9, 25, 26], in mice they are highly protective during acute
mfection. In both CD8- and CD4-deficient animals, parasitemia is exacerbated, showing that
CD4" and CDS' T cells are crucial for parasite control [27]. CD8-deficient mice have been
reported to die earlier than CD4-deficient mice [27].

A complete description of how IL-10 limits paragitemia and immunopathology in the model
15 not yet available, and previous woik in thig area has provided some conflicting results.
Thus, m vitro IL-10 has been reported to mhibit IFNy-dependent [28, 29] but to promote
LPS-dependent [30] elimination of the parasite. /# vivo, immunopathology has been reported
to result from dysregulated type 1 immmune responsges [14] resulting in a state of systemic
toxic shock mediated by TNF-o [15]. Altematively, IL-10 deficiency could result in a state
of T cell hyperactivation, leading to anergy and/or increazed cell death. The picture i the
heait of IL-10 KO mice 15 not fully consistent with thig, however, since we found an
mcreased percentage of T cells undergoing late apoptosis/necrosis, but areduced frequency
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of total and proliferating CDS" T celly, and a low frequency of Tregs. In infected C3H/
HeSnJ mice we found a decreased percentage of total and activated CD8' T cells in the
heart.

Another possible mechanism is that T cell IL-10 could modulate outcome by regulating
leukocyte chemotactic signaling in the heart. However, in a small survey of relevant
chemotactic receptors we found no difference by FACS in expression of Cerl, CerS or
Cxer3 on IFNy/IL-10" or IFNy*IL-10* T cells from infected hearts (data not shown). In a
prelimimary survey of chemokine expression i the heart, we found that mfected IL-10 KO
mice had higher levels of Cxcl2 than infected wild type mice, while levels of Ccl2, Cxcl9
and Cxclll, already demonstrated to be protective against 7. cruzi, were statistically
significantly greater m WT mice than m IL-10 KO mice (Suppl. Fig. 4). Additional work
will be needed to defme the functional role of chemokines in IL-10-mediated protection in
the model. With regard to Tregs, although there was no difference m the frequency between
C3H/HeSnJ and C57BL/6J, the percentage was reduced in hearts of IL-10 KO mice.
However, previous studies have indicated that Tregs, which also produce IL-10, play a
minor role n the control of 7. cruzi [31, 32].

Almost all IL-10" cells within both CD4 and CD8 positive T cell subpopulations also
expressed IFNy. The importance of the IL-10TTFNy" double-producing CD8 T cell subset
was algo suggested by the almost complete and selective absence of this subset i hearts
from paragite-susceptible C3H/HeSnJ mice. In contragt, IL-107CD4™ T cells were only
modestly decreased in hearts from infected C3H/HeSnJ mice. IFNy'IL-10" conventional T-
bet'Foxp3 Thl cells were first described in 2007 in the context of a mouse model of
Toxoplasma gondii mfection [33] and subgequently in the context of ufluenza mfection
[34]. In 7. gondii infection, these cells were predominantly CD41 T cells, whereas in the
Influenza model they were predominantly CD8' T cells. The IFNyIL-10 T cell population
was shown to be crucial for immunoregulation of the responge developed during mfection
with both pathogens [33, 34], and the IL-107IFN+* population displayed potent effector
function aganst 7. gonrdii [33]. It is well known that IFNvy deficient mice have dramatic
parasitism and mortality when infected with 7. orezi [35]. However, our results show that
C3H/HeSnJ mice are able to produce high levels of IFN7 in the heait, even more than in
infected C57BL/6J mice, at least atter 30 days of mfection. Thus this cytokine may be
necessary for protection, but it is not sufficient. With regard to other functionally mportant
cytokines, TNFa has been shown to synergize with IFNv for optimal nitric oxide (NO)
production to eliminate intracellular parasitism in macrophages [29]. On the other hand,
TNFa has been suggested to promote heait tissue damage during 7. eruzi infection [36]. Our
data show that the absolute levels of IFNy and TNFa poorly correlate with outcome, since
C3H/MHeSnJ mice have a higher frequency of IFNy/TNFau double-procducing T cells in the
heart. So, higher amounts of TNFa could be a factor that drives mmmunopathology in C3H/
HeSnJ mice, but this does not explain why parasitism ig not controlled.

Although our results clearly establish a protective role for IL-10 in T cruzi-infected C57BL/
6J mice, the precige contribution of low IL-10 production to susceptibility n infected C3H/
HeSnJ mice and the molecular basis for its deficiency were not addressed directly by our
study. Next steps mclude mapping the gene(s) responsible for the susceptibility phenotype
difference between the two strains of mice. It has been known for years that the phenotype
of the F1 progeny of C3H/HeJ »x C57BL/6J, as well as other H-2k = H-2b matings, 1g
complex. F1 mice have been reported to have low parasitemia, with mortality differing by
gender: females survive infection = 120 days, whereas males die later than susceptible
parents but earlier than resistant parents [24]. Thus, the genes responsible for low
paragitemia appear to be expressed in a dommant manner (Wrightsman et al., 1982).
However, IL-10 was not measured in these previous studies. A plausible mechanism for the
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IL-10 defect in infected C3H/HeSnJ mice iz defective mnate immune recognition, since
Toll-like Receptors (TLRs) and Nod-like receptors (NLRg) are important for host resistance
against 7. cnezi infection [37] and induce IL-10 production. Stimulation of mnate immune
cells by T. cnezi-derived GPI anchors and DNA has been reported to activate TLR2, 4, 7 and
9 [38-41], leading to production of parasiticidal agents, optimal activation of APCs and
proper activation of adaptive mmmune responses. With regard specifically to TLR4, we
observed no difference in parasitemia or mortality for the Jackson C3H/Hel line #659,
which has a spontaneous mutation inactivating the TLR4 gene, and the Jackson C3H/HeSnJ
line #661, which has awild type TLR4 gene (data not shown). In a related report, Oliveira et
al. have gshown that C3H/HeJ and TLR4 KO mice are slightly more susceptible to infection
with the reticulotropic Y strain of 7. cruzi than C3H/HeN mice [39]. The difference relative
to our experiment could relate to differences in the source of the mice and/or the precise
paragite strain that was uged, but in any case was not large. Additional work will be needed
to define the role of other pattern recognition receptors in IL-10 deficiency in the model.

In conclusion, we show that C3H/HeSnJ mice provide amodel of acute fulmmant
myocarditis after 7. cruzi (Colombiana strain) nfection, the result of an exuberant but
meffective immune response agamst the pathogen, whereas C57BL/6J mice provide amodel
of mild acute cardiac disease, the result of amore effective mmmune response. IL-10 strongly
correlated with outcome and we directly demonstrated its functional importance in the
model in C57BL/6T mice. T cells constitute a source of protective IL-10, and both CD4" and
CD8" subsets in the hearts of infected mice produce it, however other T cell-independent
sources appear to exist and remain to be defined. Almost all of the IL-10" T cells in the heart
also produce IFNy, however the precise functional role of these cells remains to be
delineated. Baged on all these congiderations, we hypothesize that upon 7. cnezi
(Colombiana strain) mfection, IL-10 deficiency abrogates expansion of a cardioprotective
IFNy'IL-10TCD8Y T cell population in C57Bl/6T mice in this model. Why infected C3H/
HeSnJ mice are gelectively unable to generate this population of cellg in the heart is an
mmportant question for future research. Together, our results support arole for IL-10 as a
potentially benetficial immunodulatory agent in 7. cruzi mfection.
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Figure 1. CS7BL/6.J mice, but not C3H/HeSnJ mice, control parasitism and survive infection

with T. ernzi

A) Parasitemia. Data are the mean £ SEM from a single experiment (n=15 animals in each
group) representative of 3 independent experiments. B) Swrvival. Data are from the same
experiment shown in panel A (n=15 animals per group), representative of 3 independent
experiments. P < 0.0001 by Logrank test. C') Quantification of 7. cruz DNA n tigsues of T
cruzi-infected mice. Heart, spleen and liver were collected from C3H/HeSnJ and CS7BL/6J

mice 30 days after infection, and 7. cruzi burden was quantitated by PCR. Results are

expressed as mean £ SEM of 10 animals in each group. ** and *** denote P < 0.01 and
0.001, respectively, when comparing infected C3H/HeSnJ versug infected CS7BL/6J mice.
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C3H/HeSnJ

Figure 2. C3H'HeSnJ mice, but not CS7BL/6.J mice, develop severe fibrosing myocar ditis and
cardiac failure in the acute phase of infection with T. ernzi,

Hearts were collected 30 days after infection, and paraffin-embedded sections were stained
with either Hematoxylin and Eosin (A, B) or Gomori’s Trichrome stain (C, D).
Representative images are shown for infected C3H/HeSnJ mice (A, C) and infected C37BL/
6T mice (B, D). In panels A and C, arrows pomt to amastigote pseudocysts. Magnification,
400X Data are representative of 5 mice/group from a single experiment performed at least 5
times with a similar pattern of results. E) Quantification of imflammation. Data are from a
sigle representative experiment with 5 mice i each group. * P = 0.05.
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Figure 3. Myocardial infiltrates after T. crrezi infection have a higher frequency of Gr1

CD11L ' TCR ~ cells, but alower frequency of CDS'TCR 7 cells in C3HHeSnT mice compared
to CS7TBL/6J mice

A) Gating of leukocytes igsolated from heart 28-30 days after mfection. Death denotes
stamig with LIVE/DEAD (Invitrogen). B) Subset analysis in the heait: representative
experiment of 2 experiments performed. Numbers correspond to the frequency of the
adjacent gated population. The top two panels are for CS7BL/6J mice, the bottom two for
C3H/MHeSnJ mice. C') Subset analysis: summary data. The frequency is shown for the
mdicated cell types in the heart of 7. cruzi-mfected C3H/HeSnJ (grey bars) or C37BL/6T
(black bars) mice. Data represent mean + SEM of 2 pools of 4-5 hearts in each group. * and
** denote P < 0.05 and 0.01, respectively, when comparing C3H/HeSnJ and C57BL/6J
mice.
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Figure 4. Detection of high frequencies of IL-10-producing effector T lymphocytes in hearts from
CS7BL/6J relative to C3H/HeSnJ mice 30 days after T. cruzi infection: flow cytometry analysis
The frequency of intracellular cytokine-expressing cells iz shown for CD8" or CD4T T cell
subpopulations igolated from the heart of 7. cruzi-infected C3H/HeSnJ or C57BL/6J mice. A
and B) A representative experiment of 2 performed 15 shown. A) Gating of myocardial
leukocytes. Death denotes staming with LIVE/DEAD (Invitrogen). B) Intracellular cytokme
analysis of the gated subpopulations mdicated in the rightmost panel of part A. ') Summary
data of 2 independent experiments. Bars represent means + SEM of 2 pools of 5 hearts in
each group. * for P < 0.05 when comparing C3H/HeSnJ and C37BL/6J mice.
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Figure 5. IL-10 is a strong resistance factor in a CS7BL/6J model of T. cruzi infection

Wild type and IL-107" mice were infected with 7. cruzi (Colombiana strain). A)
Parasitemia. Data are the mean £ SEM summarized from seven mdependent experiments
(total of n=40 animals per group). B) Survival. Data are presented as the summary of seven
mdependent experiments, n=40 animalg in each arm. P < 0.0001. C, Parasite burden in the
heait on day 25 p.1. Data are the mean &= SEM from one experment (n=5 per group). D,
Histopathology in the hearts of mfected IL-10 ko (top) and control mice (bottom) on day 25
p-1. Cardiac gections were stained with hematoxylin and eozin. Magnification = 400X, White
arrow denotes amastigote pseudocysts. E) Quantification of inflammation. Data are based on
one representative experiment with 7 IL-10 ko mice and 5 WT mice at day 20 pi. * P < 0.05.
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Figure 6. IL-10 deficiency skews distribution, proliferation and survival of T cells in the hearts of

T. eruigi-infected mice

T cells were purified from heaits of the mdicated mouge straing on day 18 post-infection
with 7. crezi and analyzed by FACS with the markers mdicated on the x-axis for CD4+ and
CDS8+ T cell distribution (A), Foxp3+CD4+ Treg distribution (B), T cell proliferation (C'), T
cell activation (D) and cell death (E, F). AnnV and PI denote Annexin V and propidiom
1odide, respectrvely. Data in A-D are from a single experiment performed. Datam E and F
are from a single experiment performed separately from A-D. In all expermnents, 10 mice
were analyzed in each group. *P < 0.05; ¥*P < 0.01; ***P < 0.001.
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Figure 7. Adoptive transfer of ]L—10+"'.+, butnot IL-107", CD3 T cells confers partial resistance
to T. cruzi-infected RAG-1 deficient mice
CD3" T cells were isolated and sorted from gpleens and lymph nodes from naive WT or

IL-10 KO mice and a total of 2 « 10° cells were injected IV into RAG-1 deficient mice as

mdicated in the inset. The anumals were then mfected with 1000 7. cnezi blood stage

trypomastigotes 24 hrs later. A) Parasitemia. B) Survival. Data are summarized from two
independent experiments (total of n=10 animals per group), and are presented as the mean +
SEM. In panel B, P < 0.0001, when comparing (WT to RAGKO) vs RAG KO, or (WT to
RAGEKO) vs (IL-10 KO to RAG KO). P=0.0008, when comparmg RAG KO vs (IL-10 KO

to RAG KO).
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Table Il
Differential expression of pro-inflammatery, immunoregulatory and antimicrobial factors
in hearts of CS7TBL/6J and C3H/HeSnJ mice 30 days after T. cruzi infection: Quantitative
RT-PCR analysis

Data are the average of 5 samples for each factor nommalized to HPRT and expressed ag afold-change
compared with heart RNA from uninfected isogenic control mice. Bolded factors were differentially expressed
i C3H/HeSuJ vs C37TBL/GT. *, ** and *** denote P < 0.05, 0.001 and 0.001, respectively.

C3HHeSnJ CS7BL/6J
Chemolanes Cxcll 61+£19 53405
Cxel2 61.6+£27.9* 55109
Cxcl9 4353 £14 6+* TS4+64
Czcl10 17214498 M5455
Cxelll 552.3+£202.3* 16.7+£12
Czcllé 16.9+33 112+13
Cd2 104.3 £0.9%* 404 +6.3
Cel3 1658 +£277 W43+£111
Crld 13903 4£372.0 98371738
Cd5s 482.8+578 843.6 £82.0*
Cd7 37.3+£10.0* 103 +£0.7
Cel20 294+130 B21£24
Xdl 15.1+1.8* 91+08
Cxzell 12.1+£3.8* 3.0+04
Chemoattractant  Czorl 1427+839 194 £6.4
Receptors Cier2 3714208 67421
Cxer3 2204 +105.7* 103 +08
Carl 1070+ 48.0* 57+23
Cer2 352 £2.9%F 9.0+09
Ca3 130+£52% 1L1+03
Cerd 22.6+11.0* L7+05
Cer5 1060+£535 168 )9
Cab 24.9+12.0* 1L5+05
Cet7 156+54 37+£10
Xal 33+0.6* 16+01
Caserl 137+£81 9147
Fprl 299+125 w2+14
D6 73£2.5* 19+04
Cytokines IL-1p 7336437 290444
L4 120457 2346
IL-10 233+2.0 203.5+32.8*%
IL-12 pd0  1529+724 3109 +£23.5*
IL-13 43.3+£22.3* 21106
IL-17A 20.6+7.5% 35+10
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C3HHeSnJ CSTBL/GT
IL-21 TIHELS 141426
IL-22 1244 £580 247 £71

Crther factors Arg-1 IS0+ 4842+ 1982 +66.6

NOS 2 97.2+£29.0* 134+128
T-bet 112 £3.4% 39403
Gata-3 69+2.1* 2.7+02
Foxp3 214+96 41+13
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