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discrepancy between the parasitism and inflammation suggested that
tissue-damagingT cellswere of autoimmunenature, possibly elicited by
cross-reactive immune responses with the T. cruzi parasite [reviewed in
[7]].

Direct experimental evidence of autoimmunity in CCC and experi-
mental models has been documented over the last 25 years and is
reviewed in ref. [1]. Cross-reactive autoantibodies and T cells against
several distinct host-T. cruzi antigenic pairs were described along the last
decades (Table1). InmurinemodelsofT. cruzi infection, ourgroup [8] and
others [9,10] have shown that cardiac myosin heavy chain, the major
heart protein, is an important target cardiac self-antigen for CD4+T cells.
Tolerance induction with cardiac myosin-rich heart extracts was shown
to ameliorate T. cruzi-induced chronic cardiac inflammation and fibrosis
[11]. We have shown that CCC patients display serum IgG anti-cardiac
myosin heavy chain autoantibodies that cross-reactively recognize T.
cruzi membrane protein B13 [12]. Furthermore, CD4+ T cell clones
infiltrating hearts from CCC patients also cross-reactively recognize
cardiacmyosin andB13protein [11].Moreover, in vitro primingwithB13
leads to the recovery of cardiac myosin cross-reactive T cell clones [13].
We identified one such T cell clone that crossreactively recognized one
partially homologous epitope in B13 protein and twelve distinct very low
homologypeptides in cardiacmyosin, indicative of a verydegenerate TCR
recognition pattern [14]. The existence of degenerate intramolecular
recognition, with multiple low-homology, cross-reactive epitopes in a
single autoantigenic protein may have implications in increasing the
magnitude of the autoimmune response in CCC and other autoimmune
diseases.

2. Cytokines in the pathogenesis of CCC

The hallmark of CCC histopathology is the presence of a lympho-
nuclear T-cell rich inflammatory infiltrate, composed of macrophages
(50%), T cells (40%, B cells (10% or less) with virtually no NK cells. The T
cell component shows a predominance of the CD8+ over the CD4+ T
cell subset. This may be due to selective signaling though locally
available as IL-7 and IL-15, known CD8+ T cell survival cytokines [15].
Our group and others have shown that T cells infiltrating the heart of
CCC patients predominantly produce IFN-γ and TNF-α [16,17], and CCC
heart tissue shows a commensurate increase in expression of adhesion
molecules and HLAmolecules (reviewed in [7]). Real-time PCR analysis
in CCC heart tissue showed selective upregulated expression of IFN-γ-
inducible chemokines CXCL9 (MIG), CXCL10 (IP-10) and CCL2 (MCP-1),

along with the respective chemokine receptors CXCR3 and CCR2,
suggesting that chemokines may be involved in the chemoattraction of
Th1 T cells and monocytes/macrophages, respectively [18]. Given the
finding that IFN-γ-producing Th1 CXCR3+ T cells are increased in the
peripheral blood CCC patients [18,19], these observations suggest that
IFN-γ-mediated chronic myocardial inflammation may contribute to
CCC pathogenesis. Additionally, chronic infection with T. cruzi induces a
systemic shift in the peripheral blood mononuclear cell (PBMC)
cytokine profile towards Th1 cytokines with suppression of Th2
cytokines [16,20]. Importantly, PBMC from CCC patients produce more
IFN-γ than ASY patients [16,18,20] which has been linked to decreased
production of IL-10 [18]. Indeed, reduced numbers of regulatory CD4
+CD25hi T cells have been found in the peripheral blood of CCCpatients
[21]. Both CCC patients and T. cruzi-infected ASY individuals display
increased plasma levels of TNF-α; moreover, patients displaying severe
CCC present significantly higher plasma levels of TNF-α [21,22]. We
observed that among end-stage CCC patients, those bearing the TNF2
and TNFa2 alleles of TNF polymorphic sites, associatedwith high TNF-α
production, displayed a significantly shorter survival [23]. Taking into
account that prognosis and survival are significantly worse in CCC than
non-inflammatory cardiomyopathies [24], data suggest that local
production of inflammatory cytokines (including IFN-γ and TNF-α)
and chemokines byheart-infiltratingT cellsmayplaya significant role in
the heart damage observed in CCC.

3. Myocardial gene and protein expression in CCC

Gene expression profiling of CCC myocardial tissues, analyzed by a
10,368 element cDNAmicroarray, showed that the cardiac hypertrophy
signature was upregulated in both CCC and DCM heart tissue. Immune
response-related genes, and among them, IFN-γ-induced genes were
prominently upregulated only in CCC patients, a finding that was
corroborated by the upregulated expression of IFN-γ-induced chemo-
kines CXCL9, CXCL10 and CCL2 in CCC heart samples found at real-time
PCR [25]. Moreover, exposure of cardiomyocytes to IFN-γ alone or in
combination with CCL2 significantly induced the expression of atrial
natriuretic factor (ANF), a marker of hypertrophy and heart failure. Our
results suggest that IFN-γ and chemokine signalling may directly
upregulate cardiomyocyte expression of genes involved in pathological
hypertrophy, which may lead to heart failure [25].

The protein expression profile in the CCC myocardium [26] and the
differential protein expression compared to DCM patients were analyzed

Table 1
Molecular mimicry after T. cruzi infection.

Host component T. cruzi antigen Host Molecular definition

Neurons, liver, Kidney, testis ? M, R Mab
Neurons Sulphated glycolipids H,R Mab, sera
47 kDa neuron protein FL 160 H rDNA, AS
Heart and skeletal Muscle Microsomal fraction H, M Mab, Serum IgG
Smooth and striated Muscle 150 kDa protein H, M Serum IgG
Human cardiac Myosin heavy chain B13 protein H rDNA, Ab T cell clones
Human cardiac Myosin heavy chain Cruzipain M Ab
95 KDa myosin tail T. cruzi cytoskeleton M Mab
Skeletal muscle Ca++ Dependent SRA SRA H, Rb AS, serum IgG
Glycosphingolipids glycosphingolipids H, M Serum IgG
MAP (brain) MAP H, M rDNA, AS
Myelin basic protein T. cruzi soluble extract M Serum IgG, T cells
28 kDa lymphocyte membrane protein 55 kDa membrane protein H, M Mab
23 kDa ribosomal protein 23 kDa ribosomal protein H Ab
Ribosomal P protein Ribosomal P protein H rDNA, Ab, SP
38-kDa heart antigen R13 peptide from ribosomal protein P1, P2 M IgG1, IgG2
β1 adrenoreceptor M2 muscarinic receptor Ribosomal P0 and P2 proteins H rDNA, Ab, SP
β1-adrenoreceptor M2 cholinergic receptor 150 kDa protein H, M Mab
Cardiac muscarinic Acetylcholine receptors (mAChR) ? H Ab
Cardiac muscarinic Acetylcholine receptors (mAChR) cruzipain M Immunization with cruzipain
Cha antigen SAPA, 36KDa TENU2845 M Ab, T cells

Abbreviations: M, mouse; H, human; Rb, rabbit; R, rat; AS, antiserum; Ab, patient antibody; Mab, monoclonal antibody; rDNA, recombinant DNA; SP, synthetic peptides.
Adapted from Bilate and Cunha-Neto [7].
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Different Th (CD4 T cell) subsets

Can CD4 T cells also become cytotoxic?
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In 1986, Mosmann and Coffman identified 2 functionally distinct subsets of activated CD4
T cells, Th1 and Th2 cells, being key in distinct T cell mediated responses. Over the past
three decades, our understanding of CD4 T cell differentiation has expanded and the initial
paradigm of a dichotomic CD4 T cell family has been revisited to accommodate a
constantly growing number of functionally distinct CD4 T helper and regulatory
subpopulations. Of note, CD4 T cells with cytotoxic functions have also been
described, initially in viral infections, autoimmune disorders and more recently also in
cancer settings. Here, we provide an historical overview on the discovery and
characterization of cytotoxic CD4 T cells, followed by a description of their mechanisms
of cytotoxicity. We emphasize the relevance of these cells in disease conditions,
particularly in cancer, and we provide insights on how to exploit these cells
in immunotherapy.

Keywords: CD4 T cells, cytotoxic, MHC class II, synapse, immunotherapy

1 HISTORICAL OVERVIEW: THE CD4 T-CELL UNIVERSE

Upon activation, naïve CD4 T cells can differentiate into various specialized subsets characterized by
the capacity to produce specific cytokines to promote various types of immune responses (1–3). In
1986, Mosmann and Coffman described 2 types of T cells among CD4+ lymphocytes in mice: type 1
T helper (Th1) cells, producing interleukin 2 (IL-2), interferon-g (IFN-g), granulocyte-macrophage
colony-stimulating factor (GM-CSF), and type 2 T helper (Th2) cells, producing IL-4, IL-5, B-cell-
stimulating factor 1 (BSF-1) and mast-cell growth factor (MCGF) (4). The categorization of Th1 and
Th2 cells provides a framework for explaining the T-cell immunopathology of many diseases (5). By
the beginning of the 1990s, it became apparent that CD4 T-cell clones showing Th1 or Th2 profiles
could also be found in tissues or peripheral blood in humans (6, 7). Subsequently, other subsets with
different functions have been reported. In 1994, it was shown that oral tolerance regimens induce
transforming growth factor b (TGF-b)−producing CD4 T regulatory cells, a subset named Th3 cells
(8). In 1995, regulatory T cells constitutively expressing the molecule CD25 were discovered (9),
followed in 2003 by the identification of Foxp3 as the master transcription regulator for these cells
(10, 11). In 1997, Roncarolo’s group identified a CD4 T-cell subset with low proliferative capacity
producing high levels of IL-10, low levels of IL-2 and no IL-4. As these cells suppressed antigen-
specific immune responses and downregulated pathological immune responses, they were named T
regulatory 1 (Tr1) cells (12). A few years later, CD4 follicular helper T (Tfh) cells were identified as
specialized providers of B-cell help necessary for the formation of germinal centres and for the
regulation of T-cell-dependent B-cell differentiation into plasma and memory B cells (13). In 2005, a
previously unrecognized population of CD4 cells that did not produce the classical Th1/Th2
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• Infections (viral, intra-cellular bacteria, chronic and acute)

• Cancer

• Autoimmune diseases

• Steady-state IEL in the gut 
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Cytotoxic CD4+ T cells driven by T- 
cell intrinsic IL- 18R/MyD88 signaling 
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Abstract: Increasing attention has been directed to cytotoxic CD4+ T cells (CD4CTLs) in different 
pathologies, both in humans and mice. The impact of CD4CTLs in immunity and the mechanisms 
controlling their generation, however, remain poorly understood. Here, we show that CD4CTLs 
abundantly differentiate during mouse infection with the intracellular parasite Trypanosoma cruzi. 
CD4CTLs display parallel kinetics to Th1 cells in the spleen, mediate specific cytotoxicity against 
cells presenting pathogen- derived antigens and express immunoregulatory and/or exhaustion 
markers. We demonstrate that CD4CTL absolute numbers and activity are severely reduced in both 
Myd88-/- and Il18ra-/- mice. Of note, the infection of mixed- bone marrow chimeras revealed that wild- 
type (WT) but not Myd88-/- cells transcribe the CD4CTL gene signature and that Il18ra-/- and Myd88-/- 
CD4+ T cells phenocopy each other. Moreover, adoptive transfer of WT CD4+GzB+ T cells to infected 
Il18ra-/- mice extended their survival. Importantly, cells expressing the CD4CTL phenotype predomi-
nate among CD4+ T cells infiltrating the infected mouse cardiac tissue and are increased in the blood 
of Chagas patients, in which the frequency of CD4CTLs correlates with the severity of cardiomyop-
athy. Our findings describe CD4CTLs as a major player in immunity to a relevant human pathogen 
and disclose T- cell intrinsic IL- 18R/MyD88 signaling as a key pathway controlling the magnitude of 
the CD4CTL response.

Editor's evaluation
This is an interesting study, conducted in mice, that demonstrates for the first time the presence of 
a large population of cytotoxic CD4+ T lymphocytes in infection with Trypanosoma cruzi, a relevant 
human pathogen. At present, the relevance of these cells in protective immunity engendered by the 
host remains unclear. Additional experiments are needed to characterize the functionality of these 
cytotoxic CD4 T cells vis- a- vis the canonical Th1 T cells. This paper can be of interest to scientists 
interested in immune responses to parasitic infections.
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è CD4CTLs is the predominant subset among CD4+ T cells 
infiltrating the infected heart

è The adoptive transfer of CD4+GzB+ T cells increases survival 
of susceptible mice to acute infection (anti-inflammatory role?)

è The frequency of circulating CD4+PRF+ T cells is higher in 
chronic patients with Chagas Disease



The frequency of CD4+PRF+ T cells correlates with cardiomyopathy 

Barbosa CH et al., eLife, 2022

But, a correlation does not imply causation!
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Chagasic cardiomyopathy is marked 
by a unique signature of activated  CD4+ T cells
Gregório Guilherme Almeida1, Inga Rimkute2, Isabela Natália Pascoal Campos do Vale1, Thomas Liechti2, 
Priscilla Miranda Henriques1, Ester Roffe3, Fernanda Fortes de Araújo4, Manoel Otávio da Costa Rocha5, 
Silvana Maria Elói Santos6, Olindo Assis Martins-Filho4, Dragana Jankovic7, Alan Sher7, 
Andrea Teixeira-Carvalho4, Mario Roederer2 and Lis Ribeiro do Valle Antonelli1*   

Abstract 
Chagas disease is a neglected tropical disease in Latin America and an imported emerging disease worldwide. 
Chronic Chagas disease cardiomyopathy (CCC) is the most prominent clinical form and can lead to heart failure, 
thromboembolism, and sudden death. While previous reports have supported a role for  CD4+ T lymphocytes in the 
pathogenesis of CCC a comprehensive analysis of these cells during different clinical forms is lacking. Here, we used 
high-dimensional flow cytometry to assess the diversity of circulating  CD4+ T cells in patients with distinct clinical 
forms. We found increased frequencies of  CD4+CD69+ T cells in patients compared to controls.  CD39+ regulatory T 
cells, represented by mesocluster 6 were reduced in mild CCC patients compared to controls. Cytotoxic  CD4+ T cells 
co-expressing granzyme B and perforin were expanded in patients with Chagas disease and were higher in patients 
with mild CCC compared to controls. Furthermore, patients with mild CCC displayed higher frequencies of multifunc-
tional effector memory  CD4+ T cells. Our results demonstrate an expansion in activated  CD4+ T cells and a decrease in 
a functional subset of regulatory T cells associated with the onset of Chagas cardiomyopathy, suggesting their role in 
the establishment of cardiac lesions and as potential biomarkers for disease aggravation.

Keywords: Chagas disease, Trypanosoma cruzi, Cardiomyopathy, CD4+ T cells, Multifunctional, Cytotoxic, Regulatory, 
Biomarkers
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Background
Chagas disease is an anthroponosis caused by the pro-
tozoa parasite Trypanosoma cruzi and is a leading cause 
of chronic cardiomyopathy in Latin America [1]. In its 
natural condition, the disease is transmitted by infected 
feces from triatomines. Recently, contaminated food has 
emerged as an important transmission source, and, to a 
minor extent, infections happen by congenital transmis-
sion and blood transfusion [1, 2]. !e disease has spread 

from its original boundaries in South America through 
international migration and has become a new concern 
for blood donation worldwide [3].

About 30% of the infection progresses to cardiomyo-
pathy and 8–10% progress to mega syndromes, mainly 
in esophagus and colon, culminating in organ hypertro-
phy and dilatation [1]. Chronic Chagas disease cardio-
myopathy (CCC) is a life-threatening disease that leads 
to direct complications in the cardiovascular system, 
such as conduction disorders and heart failure, being the 
most important cause of death in infected individuals 
[4]. CCC is characterized by a multi-focal inflammatory 
infiltrate within the myocardium, mainly characterized 
by infiltrating  CD8+ and  CD4+ T cells, macrophages, 
and progressive interstitial fibrosis [5, 6]. !e disease’s 
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A GrB+PFN+IFN-γ+CD4+ T cell population was expanded in Chagas’ patients



Inflammatory Th1 response

Parasite levels

Immunopathology

Anti-inflammatory and
Regulatory responses

CD4 CTL ?
Parasite levels

Immunopathology

Role of CD4CTLs during T. cruzi infection?

Whether their role is protective or detrimental in promoting cardiomyopathy is still unknown. 



Adapted from O'Shea & Paul, Science, 2010 and Marshall & Swain, J. Biomed. Biotech., 2011

Which is the origin of CD4CTLs observed during 
infection with T. cruzi ?

CD4CTLs



O'Shea & Paul, Science, 2010

CD4 T cell subset plasticity



Adapted from O'Shea & Paul, Science, 2010 and Marshall & Swain, J. Biomed. Biotech., 2011

Are CD4CTLs terminally differentiated from Th1 cells?

?

CD4CTLs



Unanswered questions about CD4CTLs in T. cruzi infection

• Specificity?

• Memory/Tissue-resident Memory T Cells?

• Induction by vaccination? 

• Which factors favor their differentiation?

• Do CD4CTLs found in the acute phase share the same 
transcriptomic profile of CD4CTLs of chronic patients?

• Are CD4CTLs a type of T regulatory (Tr1) cells?

• Can CD4CTL with a stable phenotype be generated in vitro?



T-cell Transfer Therapies

è CAR-T cell therapy in cancer (lymphoma)

èTransfer of Tr1 cells to prevent graft versus host disease (GvHD) in allogeneic 
hematopoietic stem cell transplantation (allo-HSCT)

è Future T cell therapy for chronic Chagas Disease?

è Treg adoptive cell transfer in organ transplantation and autoimmunity
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