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Double-positive (DP) CD4+CD8+ T cells normally represent a thymic subpopulation that is developed in the
thymus as a precursor of CD4+ or CD8+ single-positive T cells. Recent evidence has shown that DP cells with an
activated phenotype can be tracked in secondary lymph organs. The detection of an activated DP population in
the periphery, a population that expresses T cell receptors unselected during thymic negative selection in murine
models of Trypanosoma cruzi infection and in humans with Chagas disease, raise new questions about the relevance
of this population in the pathogenesis of this major parasitic disease and its possible link with immunoendocrine
alterations.
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Double-positive CD4+CD8+ T cells: from
physiology to pathology

The simultaneous expression of CD4 and CD8 in
T cells was, until some years ago, generally consid-
ered exclusive for T cells in the thymus. However,
T cells expressing both CD4 and CD8 corecep-
tors have been described in healthy individuals, as
well as in pathological conditions such as infectious
diseases, autoimmune diseases, chronic inflamma-
tory disorders, and certain lymphoblastic diseases
(Table 1).1–3 Most double-positive (DP) CD4+

CD8+ T cells undergo differentiation to single-
positive (SP) CD4+ or CD8+ mature T cells in the
thymus. However, the presence of T cells coexpress-
ing both CD4 and CD8 in the periphery raises new
questions, such as, What is the origin of these lym-
phocytes? Do these cells exit from the thymus as
immature or mature T cells? Is it possible that dur-
ing the development of inflammatory responses SP
T cells acquire any other cell marker, thus showing a

certain degree of plasticity? Do the extrathymic DP
cells have specific functions? An additional, more
intriguing question is: are DP cells involved in the
pathophysiology of autoimmune events occurring
in some infectious conditions, particularly in the
pathogenesis of Chagas disease?

Before addressing these issues, it is worthwhile to
provide a general background on intrathymic DP
cell differentiation and T cell exportation to the pe-
riphery of the immune system. The thymus is the
primary lymphoid organ responsible for the differ-
entiation of T cells. This process involves differen-
tial expression of CD4 or CD8 accessory molecules
(among others) and rearrangements of T cell recep-
tor (TCR) genes. The most immature thymocytes
express neither the TCR complex nor the CD4 or
CD8 markers, and for this reason they are called
double-negative cells, a subset representing nearly
5% of total thymocytes. The process of matura-
tion follows with the acquisition of CD4 and CD8
markers, generating the DP cells, which constitute
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Table 1. Diseases with presence of DP CD4+CD8+ T cells in periphery

Human or

animal

Diseases with ↑% DP Functional characteristics Phenotype model References

Infectious diseases
Chagas disease Citotoxic activity

↑INF-� production

Activated phenotype

↑ expression CD44 / CD69

↑ expression HLA-DR / VLA-4

Murine

and

human

27

↑% T. cruzi-specific DP cells

Cytotoxic activity

↑INF-� production

Activated phenotype Human 28

Malaria Murine 32

T. evansi infection Sheep 31

Hepatitits ↑% CD4+highCD8+low,

CD4+lowCD8+high, and

CD4+highCD8+high

Human 33

Effector/memory T cells 36

HIV ↑%HIV-specific DP cells

↑INF-� production

↑IL-2 production

↑expression of

cytolytic-associated

lysosomal-associated

membrane protein

Human 37

↑CD8highCD4low Human 38,39

SIV ↑Memory markers

(CD28CD95CD45RAlow

CD62Llow)

↓% CCR7

Monkey 40

HTLV-1 Human 41

↑ CD45RO+CD18+CD54+ Human 42

Human 43

HTLV-1/CMV

co-infection

Human 44

HBV ↑ CD4lowCD8highHLA-DR+

↑CD4highCD8lowCD56+CD57+

Human 34

Chlamydia pneumoniae

infection

Murine 45

Autoimmune diseases and other noninfectious processes
Immunosenescence ↑% CD4highCD8low,

CD4lowCD8high

Human 46

Myasthenia gravis Human 47

Sjögren’s syndrome Human 48

Multiple sclerosis Human 49

Sclerosis ↑% DP in skin

↑production of IL-4

Human 50

Thyroiditis DP cells in thyroid Human 29

Rheumatoid arthritis DP cells in synovial fluids Human 30

Continued
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Table 1. Continued

Human or

animal

Diseases with ↑% DP Functional characteristics Phenotype model References

Myelodysplastic

syndromes

↓% DP Human 51

Leukemia associated

with HTLV-1

infection

Human 52

Human 53

Breast cancer Cytotoxic activity

↑production of IL-5 and

IL-13.

Effector/memory activated CD8+ Human 54

Hodgkin lymphoma Activated/regulatory phenotype Human 55

Expression of CD3+ CD5+ CD2+

CD7+ CD1a− and TDT

Human 56

75–80% of the whole thymocyte population. At this
stage, TCRs are expressed on the cell surface, allow-
ing two crucial events for thymocyte differentiation:
positive and the negative selection. Differentiation
of �/� TCR-expressing T cells involves an obligatory
interaction with self-major histocompatibility com-
plex molecules (MHC) in the thymus. This process,
called positive selection, not only rescues thymocytes
from programmed cell death but also induces their
differentiation into mature T cells. Another critical
event in thymic development is to prevent matura-
tion of hazardous autoreactive T cells, thus eliminat-
ing T cells with self-reactive receptors (negative se-
lection). Negative selection allows the establishment
of self-tolerance in the T cell repertoire, promoting
the apoptosis of T cells that might react against self-
proteins. At this stage, immature DP thymocytes
become mature SP cells, constituting nearly 20% of
thymocytes. The majority of thymocytes die in the
thymus, and only a small proportion leaves the or-
gan as recent thymic emigrants (RTEs). Overall, this
process is partially controlled by immunoneuroen-
docrine circuits.4,5 Of note, the survival of DP cells is
negatively influenced by glucocorticoids (GCs) and
tumor necrosis factor-alpha (TNF-�).6–9

In normal conditions, it is estimated that the
thymuses of adult mice export daily only 1% of
total thymocytes, representing between 1 and 2
million cells.10,11 During their journey, thymocytes
interact with diverse components of the thymic mi-
croenvironment, comprising thymic epithelial cells,

macrophages, dendritic cells, fibroblasts, as well as
extracellular matrix (ECM) proteins, such as fi-
bronectin or laminin. ECM-mediated interactions
can influence the general process of thymocyte mat-
uration, differentiation, and consequent T cell ex-
port to the peripheral immune system.

Are DP cells relevant in the
pathophysiology of Chagas disease?

Chagas disease, a tropical neglected disease, is
caused by the parasite Trypanosoma cruzi. Nearly
12 million people are infected in Latin America,12

and it has spread to nonendemic zones, includ-
ing the United States, Europe, Asia, and Oceania,
and represents a new world health problem, con-
sidering that Chagas disease can also be spread by
congenital transmission, blood transfusion, or or-
gan transplantation.13 The clinical manifestations
of disease can be highly heterogeneous. After the
first contact with the parasite, infected individu-
als develop an acute phase of disease, which can
be asymptomatic or present fever, lymphoadeno,
and/or splenomegaly. Following the disappearance
of the parasite in the blood, infected individuals can
remain asymptomatic for the rest of their lives, a
period known as the “indeterminate form of the
chronic phase of disease.” Between 15 and 30 years
after the initial infection, nearly 30% of infected
individuals develop chronic chagasic myocarditis,
a hallmark of disease. The causes and mecha-
nisms associated with the development and the
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establishment of different clinical manifestations of
Chagas disease seem complex and remain to be pre-
cisely defined. Yet, autoimmune reactions, as well
as the consequences of parasite persistence, have al-
ready been largely studied.14,15 It is possible that
the indeterminate form of chronic Chagas disease
occurs when immunological response of the host
against the parasite is more efficient, as during the
acute phase, whereas the symptomatic forms seen
in the chronic phase seem to occur in patients with
hyperergic or inefficient immune responses.16

SP T cells play a key role in both the protection
against the parasite and in immunopathology.17–19

For this reason, historically, the study of Chagas dis-
ease has mainly focused on the effector immune
response directed at the parasite, as well as autoim-
mune reactions observed against the heart. Nev-
ertheless, the putative involvement of the thymus-
derived T lymphocytes in the immunopathology of
Chagas disease, as well as the impact of the host’s
response in the thymus, have not been explored. In
this respect, we recently found that RTEs in acutely
infected chagasic animals are essentially SP cells,
and that their relative and absolute numbers in-
crease progressively with the infection, suggesting
an abnormal release of T cells.

During T. cruzi infection, the thymus is severely
affected by a dysregulated circuit of proinflam-
matory cytokines and hypothalamus–pituitary–
adrenal (HPA)-related hormones.20,21 Thymus at-
rophy is commonly observed during murine mod-
els of T. cruzi acute infection and persists, although
to a lower extent, during the chronic phase. Thymic
atrophy is essentially secondary to massive deple-
tion of the DP T cell population, at least partially
caused by an immunoendocrine imbalance, with
enhanced levels of GCs as a result of an exaggerated
increase in the levels of inflammatory cytokines.21,22

In addition to the apoptosis seen in the DP sub-
set, other changes might account for the loss of
these cells, such as an increase in their export from
the thymus, a decrease in their proliferation rate,
and/or a diminution in their numbers secondary to
a low recruitment of bone marrow–derived precur-
sors.23 Among the causes that could influence an in-
crease in the DP cell exportation is the abnormally
high intrathymic expression of ECM ligands and
receptors.24

The first evidence of an aberrant thymic re-
lease of DP lymphocytes to the periphery after

murine acute T. cruzi infection was the observation
that DP cells progressively accumulated in periph-
eral lymphoid organs.24 Actually, they can also be
detected in circulation and in low numbers within
the heart, a major target organ in Chagas dis-
ease (Fig. 1A). The DP cells seem to be thymus-
dependent because their presence in the periph-
ery is largely reduced when the infection is carried
out in thymectomized mice. Moreover, studies per-
formed in BALB/c mice showed that some of these
extrathymic DP cells carry prohibited V� segments
of the TCR,24,25 leading to the hypothesis that they
have escaped from negative selection, and thus have
the potential to be autoreactive.

As seen in Figure 1B, an abnormal increase in DP
cell export results in a progressive augmentation in
their relative and absolute numbers in both lymph
nodes and the spleen of infected animals. In these
studies, thymocytes were previously intrathymically
labeled with fluorescein isothiocyanate (FITC), and
16 hours later RTEs (FITC+ cells) were tracked in
peripheral lymphoid organs.23 The augmented pres-
ence of DP cells in peripheral organs (including the
heart) might represent an accelerated recruitment
of T cells from thymus as a compensatory mech-
anism to overcome the anergy/immunosupression
described during the acute phase of T. cruzi infec-
tion.26

More recently, we determined that such abnor-
mal extrathymic DP cells bear an activated pheno-
type, with upregulated expression of the activation
markers CD44 and CD69 at levels comparable with
activated/peripheral CD4+ or CD8+ SP T cells. Inter-
estingly, CD62L (L-selectin) is expressed normally
in RTEs and mature SP T cells; but during acute
infection, CD62L expression in DP cells within the
thymus is comparable to expression of CD62L on
SP cells in the periphery.27 In fact, upregulation of
CD62L, which directs lymphocyte homing to lymph
nodes, may favor the exit of DP cells from the thy-
mus of T. cruzi–infected individuals.

In addition to the activated status of T cells, pe-
ripheral DP cells upregulate TCR expression lev-
els (Fig. 1C). Surface TCR expression level greatly
influences T cell antigen sensitivity. This level is
rapidly downregulated when T cells are stimu-
lated with strong TCR agonists, as engaged TCRs
are internalized and degraded. The increased ex-
pression of TCR on peripheral DP cells may
help promote sustained antigenic signaling in the
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Figure 1. Intrathymic and extrathymic CD4+CD8+ T cells during experimental and human T. cruzi infection. (A) Representative
dot plot showing the presence of CD4+CD8+ cells in the heart during acute T. cruzi infection. CD4+CD8+ cells were not detectable
in control mice. (B) The proportions of immature thymus-derived CD4+CD8+ lymphocytes progressively increase with the course
of infection in both lymph nodes and spleen in T. cruzi–infected mice. Control and T. cruzi acutely infected mice received
intrathymic injection of FITC, and 16 hours later were analyzed by flow cytometry to detect CD4+CD8+FITC+ as recent thymic
emigrant cells in peripheral lymphoid organs. (C) DP cells show an activated/effector phenotype in the periphery of T. cruzi–
infected mice with high levels of TCR expression. Lymphocytes were isolated from the thymus, subcutaneous lymph nodes,
and spleen, during acute phase. Representative histograms of CD44 (left panel); TCR expression levels in CD4+CD8+ T cells
from chagasic lymph nodes and normal thymus, and naive CD4+ T cells from noninfected mice as a control (right panel). The
values in the upper-right corner indicate the mean fluorescence intensity from the expression of the markers in each histogram.
Differences between chagasic DP from peripheral lymph nodes versus normal thymic DP cells and naive T cells from the spleen are
significant (P < 0.05). (D) Proportion of peripheral blood CD4+CD8+ cell subset within CD3+ T lymphocytes from healthy human
individuals (Co), asymptomatic/indeterminate (IND), or with myocardiopathy (CARD) chronic chagasic patients. Cells were
analyzed by flow cytometry (n = 13–15 individuals per group). ∗P < 0.05 versus Co individuals. (E) Proportion of peripheral blood
CD4+CD8+ HLA-DR+ cell subset on CD3+ T lymphocytes from healthy individuals (Co), asymptomatic/indeterminate (IND), or
with myocardiopathy (CARD) chronic chagasic patients. Cells were analyzed by flow cytometry (n = 13–15 individuals per group).
∗P < 0.05 versus Co individuals.
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activation pathway of these cells during T. cruzi in-
fection. With an extended period of antigenic stimu-
lation, peripheral DP lymphocytes could promptly
reach the threshold of activation required to gain
effector/memory functions or, alternatively, to fur-
ther differentiate into antigen-specific SP cells, with
a possible role in cell-mediated immunoprotec-
tion.3 In fact, peripheral DP cells from infected mice
have been shown to produce high levels of IFN-�
mRNA.27 Furthermore, our results indicate that DP
cells purified from peripheral lymphoid tissues of
infected animals show a cytotoxic capacity compa-
rable to that of naive SP T cells.27

As the experimental models indicate a premature
release of immature DP thymocytes in both acute
and chronic experimental Chagas disease,25 it was
plausible to address whether this phenomenon also
occurs in chagasic patients. To evaluate this, we ex-
amined the frequency of peripheral blood DP cells in
both chronic chagasic patients at the indeterminate
phase of disease and in individuals with chronic my-
ocarditis. The results showed a higher percentage of
DP cells in cardiac chagasic patients compared with
healthy individuals (Fig. 1D). Of most relevance, we
found that patients with the cardiac form of Cha-
gas disease presented with higher percentages of pe-
ripheral blood HLA-DR+ (MHC class II) DP cells,
compared with noninfected individuals (Fig. 1E).
More recently, similar results were reported by an
independent research group.28 Of note, Giraldo et
al. showed that human DP T cells can also recog-
nize a parasite-derived MHC class I epitope during
chronic infection, probably contributing to T. cruzi–
induced cardiopathy.28

In addition, we phenotyped extrathymic DP T
cells for the expression of VLA-4, an integrin-type
receptor of fibronectin that also can be seen as a
T cell activation marker.27 Our findings indicate
that the increased percentages of circulating DP
cells exhibit a fully activated HLA-DRhigh/VLA-4high

pattern, which is enhanced in patients with the
severe cardiac form of chronic Chagas dis-
ease.27 Blood DP cells obtained from infected
hosts showed marked functional plasticity, ex-
erting both cytolytic activity and/or Th1 helper
activity.27

As mentioned previously, T. cruzi acute infec-
tion results in severe thymic atrophy and an early
release of DP T cells with autoreactive TCRs into
the periphery.24 We recently showed that despite

the thymic atrophy, the machinery necessary to
achieve negative selection remains functional dur-
ing the acute phase of infection,27 suggesting that
DP cells are shunted, escaping the checkpoints re-
quired for maturation of T cells and that normally
eliminate T cells that express “forbidden” TCRs. Re-
gardless of the specificity of DP T cells, the expres-
sion of both CD4 and CD8 in extrathymic DP cells
may diminish the functional threshold for antigen-
MHC–specific T cell recognition, and/or decrease
the requirements of costimulatory signals pro-
vided by antigen-presenting cells (APCs) to generate
T cell activation. This activation could induce cyto-
toxic activity, not only against parasite antigens but
also toward cells bearing self-antigens, leading to
the formation of cross-reactive or neoepitopes, and
thus favoring autoimmune reactions in the target
tissues.

Further studies are required to elucidate the
mechanisms that allow the emergence of potentially
autoreactive DP cells in Chagas disease. Neverthe-
less, we cannot rule out that SP cells in the periph-
ery can become DP cells after a prolonged antigenic
stimulation, which could occur as a result of the
persistence of the parasite.We might speculate that
SP cells become self-reactive after expression of the
other coreceptor, thereby inducing an increase in
the affinity of the TCR to self-antigens. However,
whatever their origin, the data indicate that acti-
vated extrathymic DP T cells might be associated
with the development of the cardiac clinical form of
the disease.

Of note, several other infectious and autoimmune
diseases are characterized by the presence of circu-
lating DP T cells, as summarized in Table 1. Inter-
estingly, the detection of DP T cells in the target
organs of some autoimmune diseases, such as thy-
roiditis or rheumatoid arthritis, suggests a connec-
tion with the pathophysiology of the corresponding
disease.29,30 Moreover, extrathymic DP T lympho-
cytes have been detected in other parasitic diseases,
including infections by Trypanosoma evansi or Plas-
modium berghei,31,32 suggesting that these atypical
T cells may represent a compensatory response of
the immune system to cope with the pathogens.
The fact that extrathymic DP cells during T. cruzi
or viral infections present with an activated phe-
notype, and thus might exert cytotoxic activity,
supports this notion.27,28,33,34 Alternatively, it is
conceivable that activated DP cells may play a
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Figure 2. Hypothetical model for the impact of T. cruzi infection on DP T cells and their possible role in the immunopathology of
Chagas disease. DP CD4+CD8+ thymocyte subset is severely affected by a dysregulated immunoendocrine circuit of proinflammatory
cytokines (mainly TNF-�) and glucocorticoid hormones (GCs). Thymic atrophy is caused by apoptosis of DP thymocytes induced
by GCs, although TNF-� together with extracellular matrix (ECM), such as fibronectin and laminin, combined with chemokines,
may contribute to enhanced exit of cells from the organ. The abnormal thymic release of DP lymphocytes, in addition to a possible
DP differentiation de novo in the periphery, may be related with the autoimmune component of Chagas disease. In a chronic
scenario, enhanced and sustained levels of TNF-� and enhanced cortisol/DHEA-s ratio may favor the activated status of DP cells
and the inflammatory events related with the autoimmune component of disease. The scheme shown in the figure was based on
results obtained from studies carried out in C57BL/6 mice infected with the Tulahuen strain and also from human studies.

relevant role in modulating the skewing of adap-
tive immune responses via cytokine secretion. Ac-
cordingly, the cytokines secreted by these cells may
address the function of APCs during the early adap-

tive immune responses, thus providing a link be-
tween innate and adaptive immunity. Accordingly,
IFN-� production by DP cells may be involved in
the induction of protective/autoreactive Th1 cells.

Table 2. Spearman correlation analysis between percentage of double-positive (DP) CD4+CD8+ T cells and systemic
cytokine and glucocorticoid hormone levels in healthy controls and chagasic patients classified as indeterminate
(IND) and with cardiac involvement (CARD)

Overall (n = 39) Controls (n = 10)

IND patients

(n = 10)

CARD patients

(n = 19)

Pair correlation P value rs P value rs P value rs P value rs

DPs (%) vs. TNF-� (pg/mL) 0.0159∗ 0.40 0.1328 −0.54 0.8123 −0.09 0.0374∗ 0.48

DPs (%) vs. IFN-� (pg/mL) 0.1273 0.25 0.4630 −0.27 0.6821 0.14 0.5835 0.13

DPs (%) vs. Cortisol 0.6012 0.08 0.6436 −0.17 0.8916 0.05 0.8576 −0.04

DPs (%) vs. DHEA-s 0.0408∗ −0.34 0.0083∗ 0.82 0.6073 −0.18 0.0282∗ −0.51

DPs (%) vs. Cortisol/DHEA-s 0.0196∗ 0.38 0.0045∗ −0.85 0.4483 0.26 0.0286∗ 0.51

∗P values with statistical significance. Statistical significance was set up at P < 0.05.
Note: The nonparametric Spearman correlation test was performed using GraphPad Prism version 5.00 for Windows,
GraphPad Software, San Diego, CA www.graphpad.com.
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As activated DP cells may hypothetically recognize
both class I and class II MHC, they could eliminate
activated APCs, favoring parasite persistence during
infection.27

As discussed previously, although studies in ex-
perimental models revealed that during acute infec-
tion by T. cruzi DP cells come from the thymus, one
question that remains elusive is whether DP cells
in chronic chagasic patients are thymus-derived or
peripherally differentiated, or both. Future studies
analyzing T cell receptor exclusion circles in cir-
culating T cells, together with CD45RA/CD45RO
markers, should help in further understanding this
issue.

DP cells and the immunoendocrine
imbalance in human Chagas disease

We have previously shown that a systemic inflam-
matory milieu, with enhanced levels of TNF-� and
IFN-� , is evident in chagasic patients with severe
myocarditis, compared with to healthy subjects.35

This scenario was paralleled by a disrupted activa-
tion of the HPA axis, characterized by decreased con-
centrations of dehydroepiandrosterone-sulphate
(DHEAS) and an unbalanced cortisol/DHEAS ra-
tio, reinforcing the view that severe human Chagas
disease is devoid of an adequate anti-inflammatory
environment, thus favoring pathology.35 In keeping
with this notion, we observed that extrathymic DP
T cells positively correlated with circulating levels
of TNF-� and with the cortisol/DHEAS ratio in an
overall study population, and within those chagasic
patients having cardiopathy (Table 2). By contrast,
a negative correlation between extrathymic DP T
cells and DHEAS was found in the overall popu-
lation and also in cardiac patients (Table 2). This
raises the question of whether there is a cause/effect
relationship between immunoendocrine abnormal-
ities and the levels of circulating extrathymic DP
T cells linked to clinical progression in humans.
Chronic stimulation of proinflammatory cytokines
may influence the activate state of DP T cells, and at
the same time, the cortisol/DHEAS ratio imbalance
acts as a permissive scenario to myocarditis devel-
opment. Further investigation of the relationship
among TNF-�, DHEAS, and the cortisol/DHEAS
ratio with the phenotype and effector functions of
extrathymic DP cells, may help to elucidate the con-
tribution of these cells to the etiology of chagasic
carditis.

Conclusions

Overall, the findings support the notion that thymic
alterations and the resulting accumulation of ex-
trathymic DP cells during chagasic infection should
not be simplistically viewed as a bystander phe-
nomenon but as a relevant pathophysiological com-
ponent in the course of the disease. Moreover, pre-
served thymus homeostasis during infections may
be relevant for the development of an effective im-
mune response. In this regard, the loss of DP thy-
mocytes during T. cruzi infection, as a consequence
of immunoendocrine imbalance causing cell death
and abnormal exit and peripheral increase of acti-
vated DP cells, may also have an impact on tissue
damage, thus contributing to the immunopatholog-
ical events seen during chronic infection. Indeed, an
altered cortisol/DHEAS ratio may act as a permis-
sive hormonal environment for the maintenance of
the activated state observed in DP cells from chronic
chagasic patients. A hypothetical model for the pos-
sible role of DP T cells in the immunopathology of
Chagas disease is shown in Figure 2. These issues
represent an open field for further investigations of
Chagas disease.
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