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1

Introduction

Extrathymic DP T cells are increased in some pathophysiological conditions, including infectious diseases by intracellular pathogens, in organs subject to autoimmune attack and in malignant tumors (Morrot et
al., 2011, 2012; de Meis et al., 2012). Recently, there is much evidence that the number of peripheral DP
T cells behaving as effector/memory T cells specific for antigens expressed by various viruses increases
during virus infections. It is not clear what roles they play, nor has their distribution in the body been
well defined (Weiss et al., 1998; Howe et al., 2009; Nascimbeni et al., 2011; Chauhan et al., 2012).
Where they have been found in animals they have been thought of as memory cells that may participate
in adaptive immune responses or alternatively may contribute to the immunopathological responses.
Most interestingly, using a Trypanosoma cruzi infectious model, we have recently demonstrated that
increased percentages of peripheral blood subset of DP T cells exhibiting an activated HLA-DR+ phenotype are associated with severe cardiac forms of human chronic Chagas disease (Morrot et al., 2011;
2012). In what follows we will review current knowledge of the extrathymic DP T cells in humans and
animal models.

2

Immune System Resistance against Infection

The primary roles of the immune system are to resist infection and rid the body of cancerous cells. These
challenging roles are fulfilled by cooperation between two systems, the innate and the adaptive immune
systems. The innate arm provides immediate non-specific protection that is brought into play when pattern recognition receptors on the surface of host cells interact with well-conserved structural components
of an infecting pathogen (Chaplin, 2010). The adaptive arm responds to specific pathogen antigens and
employs immunological memory to generate long term immunity (Germain et al., 2012). It comprises
two interdependent types of cells: B-lymphocytes that produce circulating antibodies and T lymphocytes
many of which interact directly with target cells (Brink et al., 2007; LeBien et al., 2008; Pereira et al.,
2010).
Both of these cell types arise from pluripotent hematopoietic stem cells resident in the bone marrow. T cell maturation depends on the specialized environment of the thymus to achieve lineage commitment and differentiation into mature T cells, whereas B cells generally develop when still in the bone
marrow (Lai et al., 2008). The thymus is located in the thoracic cavity, and consists of an outer cortex
and an inner medulla. It continuously generates T cells, which are then released to the periphery. T-cell
development within the thymus is a complex process involving interactions (cross-talk) between different
cell types during which interacting stromal cells of various kinds provide the signals required for the
correct maturation, expansion and selection of nascent T cell precursors (van Ewijk, 2011). These stromal cells together provide the thymic microenvironment needed for T cell development (Petrie et al.,
2007).
Defects in thymus function can develop in a number of clinical situations. Such defects in the microenvironment of the thymus can interfere with the development of the adaptive immune system and as
a consequence they can lead to life-threatening immunodeficiencies and autoimmune reactions, and interfere with immunological surveillance (Fletcher et al., 2011) - the concept that the immune system continually recognizes and removes malignant cells as they arise.

3

Intrathymic T Cell Development

Although the thymus is the primary site of T cell development, it does not contain self-renewing hematopoietic precursor cells, and progenitor cells are constantly recruited from the blood. These cells are characterized by the triple negative phenotype CD3−CD4−CD8− and enter the vascularized microenvironment
of the thymus at the junction between the cortex and the medulla. Once they have entered the thymus,
they are referred to as early T lineage progenitors (Petrie et al., 2007; van Ewijk, 2011). Engagement of
their Notch1 receptors with the Delta-like 4 ligands on cortical thymic epithelial cells leads to proliferation of the cells and their commitment to the T cell lineage (Visan et al., 2006). They then pursue an
ordered sequence of developmental steps (Figure 1), eventually expressing both CD4 and CD8 and complete antigen-specific T cell receptors (Love & Bandhoola, 2011). At this point these cells are referred to
as double positive (DP) thymocytes; thereafter they then undergo two successive processes of selection
aimed at retaining only those whose randomly assigned TCR specificities are desirable (Love &
Bandhoola, 2011). Not all TCRs on DP thymocytes generated by TCR gene rearrangement will still bind
to the host’s (self) MHC molecules. Cells which have successfully rearranged αβ TCR will die in the
thymus cortex if they do not bind self MHC within 3-4 days. Therefore an initial selection process in the
thymus will only retain those T cells that bear a αβ TCR that is able to still recognise self MHC. This
process is also known as positive selection (van Ewijk, 2011). Positive selection occurs when double
positive T cells bind cortical epithelial cells expressing Class I or Class II MHC plus self peptides with a
high enough affinity to get the survival signal (Hedrick, 2012).
Those cells with TCRs that fail to match one or other self-peptide/MHC complex adequately fail
to receive the necessary survival signals and die within a few days of “death by neglect”. The surviving
thymocytes are then exposed in the thymus medulla to the second, negative, selection process, which
leads to programmed cell death of thymocytes whose TCR have an above-threshold affinity for selfpeptide/MHC complexes. This step gets rid of thymocytes that could elicit autoimmune responses. Thus,
thymic selection aims to release only T cells that will recognize non-self antigens in the context of self
MHC molecules into the periphery (Takahama, 2012). Thymocytes that express a TCR restricted to
MHC class I molecules adopt a CD4−CD8+ phenotype while those with an MHC class II-restricted TCR
specificity become CD4+CD8− cells (Visan et al., 2006; Fiorini et al., 2008). After a period of maturation, these naïve single positive cells (i.e. CD4−CD8+ and CD4+CD8− thymocytes) leave the thymic medulla for the periphery in a process that depends on signaling via sphingosine 1-phosphate receptor type 1
(Maeda et al., 2010).
Thus, thymocyte development depends on signals provided by a number of different types of
stromal cells, notably thymic epithelial cells (TEC), that influence their entry, multiplication, maturation
and survival (Ritter et al., 1999). The TEC are arranged in a three-dimensional network in which they
contact one another via dendrite-like processes, and distinct TEC elements occupy the thymic cortex and
medulla, respectively. The mechanisms that control TEC multiplication and maintenance have themselves been the subjects of extensive research, especially as the health of these cells can be affected by
the aging process and cancer treatments (Anderson et al., 2012).

Figure 1: Schematic representation of T cell development in the thymus. A common progenitor
of T cells arise in thymus from bone marrow. At the double-negative (DN) stage, gene rearrangement at the TCRβ (T cell receptor), γ and δ gene loci starts. It is believed that strong TCR
signaling favors γδ T cell lineage development, while weak TCR signals lead to αβ commitment
(Witherden & Havran, 2011). T cells bearing TCR with low avidity to self-peptide–MHC molecules class I or II presented on thymic epithelial cells (TECs) are submitted to the positive selection, becoming CD8+ or CD4+ single-positive (SP) T cells, respectively (Hugo et al., 1982; Jameson & Bevan, 1998). Some DP thymocytes express CD1a which binds self glycolipids. Other DP
thymocytes able to interact with these cells enter in the NKT lineage (Godfrey & Berzins, 2007).
Most NKT that leave thymus complete their maturation process in the periphery. The mature
cells can either emigrate from thymus or still remain for a period in the organ (Godfrey & Berzins, 2007).

3.1

Acute Infection by Intracelular Pathogens Can Promote Thymic Atrophy

Atrophy of the thymus has been observed in response to a number of pathogens: viruses (HIV, HCV,
rabies virus), parasites (Trypanosoma cruzi, Plasmodium berghei, Schistosoma mansoni, and Trichinella
spiralis), and fungi (Paracoccidioides brasiliensis and Histoplasma capsulatum). The basis of this thymic atrophy is not completely clear and may vary (Morrot et al., 2012). Nevertheless, there are common
histological features, including reduced numbers of cortical thymocytes and loss of the clear-cut distinction between cortex and medulla. In some cases, such as in experimental infection with Histoplasma

capsulatum and Toxoplasma gondii, the atrophy may be transient (Verinaud et al., 1998; Morrot et al.,
2012; de Meis et al., 2012).
Infection-induced thymic atrophy may involve a number of not mutually exclusive factors: reduced entry of precursor cells, a reduced thymocyte capacity for proliferation, increased thymocyte
death, and a higher rate of exit of thymocytes from the thymus. The mitogenic responses of thymocytes
from mice acutely infected with T. cruzi was found to be reduced due to decreased interleukin-2 (IL-2)
production, which in turn was associated with elevated levels of IL-10 and interferon-γ (IFN-γ) (de
Moraes et al., 1994). It seems also that T. spiralis infection can alter the proportions of different thymocyte subsets and this is reflected in a reduced capacity of thymocytes to respond to the T-cell mitogen,
concanavalin A. In contrast, thymocytes from S. mansoni-infected mice apparently exhibited an unaltered
proliferative response to concanavalin A (Greene et al., 1976). Taken together these findings suggest that
some, but not all, parasites cause a reduction in the proliferative ability of thymocytes, which in turn
accounts for the resulting thymic atrophy.
In most infectious diseases causing thymic atrophy, the major biological event associated with
thymocyte loss is cell death by apoptosis. This is seen for example, in experimental models of Trypanosoma cruzi (Henriques-Pons et al., 2004; Roggero et al., 2009) and Plasmodium berghei infection (Carvalho et al., 2006; Gameiro et al., 2010). Although the main cells that die are CD4+CD8+ thymocytes,
other subsets such as double-negative (DN) T cells and SP cells are also depleted (Morrot et al., 2012).
The most likely agents responsible for atrophy and thymocyte death during parasitic infections are
glucocorticoid hormones. Serum glucocorticoid levels rise in acute infections and activate caspase-8 and
caspase-9 of thymocytes (de Meis et al., 2012). Increases in serum glucocorticoids have been observed in
experimentally induced malaria, American tripanosomiases or Chagas disease, African trypanosomiases
or sleeping sickness, toxoplasmosis, leishmaniasis, and schistosomiasis. In acute experimental T. cruzi
infections, thymic atrophy and thymocyte depletion are associated with increases in both tumor necrosis
factor (TNF-α) and glucocorticoid serum levels (Morrot et al., 2012; de Meis et al., 2012).
Nevertheless, other mechanisms seem also to be involved, at least in T. cruzi infections. Candidates for causing the enhanced thymocyte death include the T. cruzi-derived trans-sialidase (Pereira et
al., 2001; Rosenberg et al., 2010), as well as host-derived galectin-3 (Rabinovich et al., 2002; Savino et
al., 2004), extracellular ATP, and androgens. However typical cytotoxic molecules such as Fas and perforin are not involved in thymus atrophy in T. cruzi (Henriques-Pons et al., 2004).
3.2

Effects of Viral Infection on Extrathymic CD4+CD8+ T Cells

Although most T cells are either CD4+ or CD8+, a few peripheral CD4+CD8+ T cells have been found in
both humans and animals and higher numbers of such cells are seen in patients with autoimmune diseases
and in some acute and chronic viral infections (Weiss et al., 1998; Howe et al., 2009; Nascimbeni et al.,
2011; Chauhan et al., 2012). Unlike immature thymic DP T cells, peripheral T cells have the properties
of mature T cells including antigen-dependent cytokine production and cytolytic activity, and they express markers involved in immunological memory. In pigs CD4+CD8+ T cells (Th/memory) possess
memory, and T-helper and cytolytic properties, and they secrete IFN-γ (Ober et al., 1998; De Bruin et al.,
2000). This T cell subset was associated with protection in pigs vaccinated against pseudorabies virus
(Ober et al., 1998; De Bruin et al., 2000). In intranasally vaccinated and virulent porcine reproductive
and respiratory syndrome virus, an arterivirus challenged pigs there is an enhanced frequency of
CD4+CD8+ T cells (Dwivedi et al., 2011). Such cells appear to be the progeny of normal antigen-

stimulated single-positive T cells. Human DP T cells can be easily produced from SP T cells in vitro, and
adoptive transfer experiments in animals indicate that at least some DP cells can arise from CD4+ SP
precursors in vivo (Parel et al., 2004).
Extrathymic DP T cells express variable levels of CD4 and CD8. DP T cells are present in intestinal tissue, particularly in the lamina propria of the jejunum; these cells contain alpha/alpha CD8 homodimers rather than the usual alpha/beta heterodimers found expressed by the perypheral DP T cells
(Ortolani et al., 1993; Pahar et al., 2006). In human immunodeficiency virus infection / acquired immunodeficiency syndrome (HIV/AIDS), the expression of CD4 in DP T cells has a bearing on HIV-1 disease because such cells should be infectable with HIV-1. Indeed, studies indicate that DP T cells, isolated
from HIV-1-infected patients, have been shown to contain HIV-1 provirus (Kitchen et al., 1998; Hughes
et al., 2008). Moreover, intestinal DP T cells are at least as susceptible to SIV/HIV-1-mediated depletion
as conventional CD4 T cells; similarly, numbers of peripheral blood DP T cells are lower in SIV-infected
macaques than in uninfected animals (Mattapallil et al., 2000; Veazey et al., 2000). Interestingly, examination of a number of HIV-1 subjects receiving a therapeutic vaccine showed that the DP T cells were
polyfunctional in that they produced substantial levels of cytokines and also had cytotoxic T lymphocyte
(CTL) activity, and this behavior has also been observed in other antigen systems. Importantly, the polyfunctionality of the DP T cells in HIV-1-infected patients was correlated with lower virus loads and nonprogressive disease. However, the antigen-specific properties of DP T cells have not been studied in large
numbers of unvaccinated HIV-1-infected individuals (Nam et al., 2000; Suni et al., 2001; Howe et al.,
2009).
Most studies of HIV-1 pathology have concentrated on chronically infected patients mainly because few patients are identified soon after infection. Examination of macaque models and naturally infected humans has revealed a dramatic depletion of CD4 T cells in the gut mucosa early in infection
(Hirsch et al., 2004; Howe et al., 2009). It is well established that the virus set point emerging soon after
HIV-1 infection predicts later disease progression; hence study of the immune mechanisms in early infected patients, including the T cell polyfunctionality, should reveal important features related to virus set
point and thus to disease progression (Mellors et al., 1996; Gautam et al., 2009).
3.3

The Peripheral CD4+CD8+ T Cells are Differentiated Effector Memory Cells with Antiviral
Functions

During HCV infections, the intra-hepatic and circulating DP T cells are populations of activated, central
and effector memory cells, with heterogeneous differentiation patterns, in agreement with findings for the
livers of chimpanzees in the acute phase of HCV infection (Nascimbeni et al., 2004; 2011). Differences
in the measured proportions of circulating DP T cells could depend on differences in methodology and/or
patient populations. Using comparable criteria, it has been found that chronically HCV-infected patients
contained a variable proportion of DPT cells, and these displayed different patterns of differentiation
from those in chronically HBV-infected patients. Since, the differentiation patterns of the DP T cells in
HCV and HBV infections are not the same, suggesting the existence of viral specificities (Nascimbeni et
al., 2011).
Experimentally, HCV infection altered the ex vivo phenotype of intra-hepatic DP T cell: the presence of HCV modified the patterns of infiltrating T and DPT cells in the liver, and this effect was not
observed in isolated hepatic immune cells and therefore probably resulted from infection to the hepatocytes. Since the changes took place within five days, the peculiar pattern of DPT cells observed in those

patients cannot simply be explained by chronic infection. Instead, the pattern of intra-hepatic DP T cells
may result, inter alia, from direct effects of HCV on other local/resident immune cells, or the causes may
be more indirect (Nascimbeni et al., 2011).
Unlike naïve DP T cells that escape from the thymus, the circulating DP T cells in HCV patients
have an activated, differentiated memory phenotype. There is convincing evidence that circulating
CD4+CD8+ T cells are mature memory cells that mount rapid Th1 recall responses to vaccines and viral
antigens from self-limited, past, or strongly multiplying, persistent, infections. Moreover, it should be
noted that these extra-thymic DP T cells have lower TREC (TCR excision circle) contents and shorter
telomeres than SP T cells, indicating at the molecular level that CD4+CD8+ T cells have experienced
more cell divisions than their SP counterparts (Nascimbeni et al., 2004). It has also been shown that double-positive CD4+CD8+ T cells really exist in extrathymic sites in vivo, as these cells were detected in
situ at sites of inflammation and viral replication, and could be cloned from chimpanzee liver biopsies
during HCV infections. These findings therefore suggest that CD4+CD8+ T cells contribute early to the
immune response to virus infections. There is no doubt that the presence of mature, functional
CD4+CD8+ T cells in peripheral blood and tissues in the infectious diseases challenges our view of the Tcell populations involved in adaptive immune responses (Nascimbeni et al., 2011).
Studies on HIV infection model have shown evidences that DP T cells have a memory phenotype
and produce cytokines in response to viral antigens. Also it appears that DP T cells can be infected with
HIV-1both in vitro and in vivo (Weiss et al., 1998). The most significant findings of this study were that
HIV-1-reactive cells could be identified within the two previously-defined subpopulations of DP T cells
based on their levels of CD4 and CD8 expression, these sharing properties of both conventional CD4 and
CD8 SP T cells and therefore could be considered polyfunctional. These HIV-1-specific IFN-γ-producing
DP T cells were present at higher frequencies in chronically infected patients than in early in infection,
and a greater fraction expressed LAMP markers (Frahm et al., 2012; Weiss et al., 1998; Chauhan et al.,
2006).
It is possible that the increased generation of DP T cells as the disease progresses is generally offset by the HIV-1-mediated loss of DP T cells. Detailed phenotypic and functional analysis of HIV-1specific DP T cells, however, did show up differences between early and chronic infection; these may
reflect different mechanisms of induction of these cells and the effects of cumulative antigen dose as the
disease progresses. The finding that DP T cells have a unique functional profile argues that independent
assessment of DP T cells will be important in further studies of HIV-1 pathogenesis (Ribrag et al., 1993).
DPT cells are released from the thymus along with other lymphocytes, and their number nonspecifically varies with upon infection, inflammation and other conditions (Table 1). These cells could be
produced outside the thymus and/or result from re-expression of CD8 or CD4 from single-positive CD4+
or CD8+ T cells, respectively. Alternatively, it is possible that the production of DPT cells is specifically
determined by the microenvironment (including thymic epithelial cells, L-Ti-like cells, local macrophages and DCs) in the thymus, which can itself directly be affected by pathogens, or result from the consequences of infections and other physiological disturbances able to induce thymic involution. The properties of extra-thymic DP T cells indicate a close developmental relationship with conventional CD8 and
CD4 T cells.

Table 1: Pathogens and factors inducing changes in DP T subsets

It remains to be determined whether the activation of peripheral DP T cells in viral infections depends on the recognition of the cognate peptide/MHC complex (pMHC) expressed by antigen presenting
cells (APC). MHC proteins are encoded by a large complex of genes called the major histocompatibility
complex (MHC). There are two main structurally and functionally distinct classes of MHC proteins: class
I MHC proteins, which present foreign peptides to cytotoxic T cells, and class II MHC proteins, which
present foreign peptides to CD4 T helper cells (Barber & Parham, 1993). Importantly, bystander activation, i.e., activation of T cells specific for an antigen X during an immune response against antigen Y

may occur during viral infections. This antigen-independent stimulation of T cells has been best described for CD8 T cells. In the CD8+ compartment, the release of IFN-inducers leads to the production of
IL-15, which mediates the proliferation of CD8 T cells, notably memory-phenotype CD8 T cells (Sprent
et al., 2000). The CD4 T cells also undergo bystander activation by an independent pathway in which
common γ-chain cytokines including IL-2 might be involved in bystander activation of CD4+ T cells
(Boyman, 2010).
On this line of hypothesis, it is possible that DP T cells arise as a result of in vivo bystander T-cell
activation, via cytokines produced during the infection. In this scenario, the activation of these cells
which express non-selected αβTCR would circumvents the requirement for specific T-cell receptor stimulation. However, the low frequency of activated DP T cells has rendered it difficult to define the mechanisms and possible in vivo relevance of this nonspecific activation which may be part of certain cellular
immune response against specific pathogens. Thus, this identified dual CD4/CD8 expression on activated
peripheral T cells have not been reported yet, as they may represent the only known potential links between specific infection signals and the development of specific DP T cell populations derived from
thymus.
3.4

Peripheral CD4+CD8+ T Cells as a Clinical Marker of Disease Progression can Be Correlated
with Pathology in Infectious Disease

Besides viral infections, where our knowledge of the extrathymic DP T cells is still limited, it has been
show in both murine and human models that infection with the intracelullar protozoan Trypanosoma
cruzi parasite leads to thymic atrophy and premature release of undifferentiated DP T cells to periphery
(Leite-de-Moraes et al., 1991; Cotta-de-Almeida et al., 2003). It is likely that these events are linked to a
particular pathogen-host relationship established during infection. In the T. cruzi model, it has been
shown that the inflammatory syndrome induced by TNF-α in the acute phase of infection activates the
hypothalamus-pituitary-adrenal (HPA) axis with a consequent release of corticosterone. This, in turn, is
probably connected to the profound changes in both the lymphoid and non-lymphoid compartments of
the thymus, as well as to the outcome of the disease (Roggero et al., 2006; Pérez et al., 2007; Roggero et
al., 2009). Nevertheless, other host-derived molecules are involved in the T. cruzi-induced thymocyte
depletion. This is the case for galectin-3: thymic atrophy is not seen in T. cruzi-infected galectin-3
knockout mice (Rabinovich et al., 2002; de Meis et al., 2012). In addition, the parasite trans-sialidase is
involved in intrathymic T cell death (Mucci et al., 2002). Moreover, the dramatic changes in the thymic
microenvironment occuring after acute infection are also associated with enhanced expression of extracellular matrix ligands and receptors, which correlates with the fibronectin-driven migration of DP thymocytes out of the thymus, and the abnormal increase of immature DP T cells in lymph nodes (Cotta-deAlmeida et al., 2003).
It is not clear whether the changes of the thymic microenvironment seen following T. cruzi infection also affect the process of intrathymic negative selection of the T cell repertoire. It is generally agreed
that clonal deletion normally occurs late in thymocyte development at the DP to SP transition, and takes
place at the cortico-medullary junction of the thymic lobules (Sprent et al., 2002). In this regard, it has
been shown that the thymic metallophilic macrophages located specifically at the cortico-medullary junction are involved in thymocyte maturation (Milicevic et al., 2004). There are a number of features that
differentiate them from both cortical macrophages and medullary interdigitating cells. In particular, they
possess well-developed specialized endocytic compartments for the processing and presentation of anti-

gens by MHC class II molecules (Milicevic et al., 2000). It has been shown that infection changes the
topological distribution of these metallophilic macrophages. Their numbers increase and although some
remain in the cortico-medullary region many more are distributed throughout the cortex. This redistribution of these cells in the thymic compartments during the acute phase of infection may indicate a functional shift of clonal deletion from the cortico-medullary junction to the cortex (Morrot et al., 2011).
It is generally accepted that interactions between TEC and thymocytes control the thymic microenvironment and T cell development. Previous studies have shown that the disruption of the normal
thymic architecture affects the pattern of expression of autoantigens by TEC, and the functioning of the
thymus (Hollander et al., 1995; Zuklys et al., 2000). Thymic medullary atrophy and decreased expression
of Aire and TRAs have been reported in mouse models deficient in a number of genes of the NFκB
pathway, such as TRAF6, NIK, RelB or p52, suggesting an important role of this pathway in the development of the thymic medulla (Peterson et al., 2008; Zhu et al., 2006). We have shown that expression of
Aire and of highly selective tissue restricted antigens was readily detectable by real-time PCR in whole
thymuses from infected mice, rather similar to controls. These findings suggest that the expression of
peripheral antigens in the infected thymuses is sufficient to modulate the induction of tolerance by negative selection (Morrot et al., 2011).
As the acute phase of infections progress, thymic atrophy becomes evident and the number of
apoptotic intrathymic DP T cells increases (Leite-de-Moraes et al., 1992). Although these events may be
consequences of the changes observed in the organ, we found that DP depletion was accompanied by
sustained expression of Bim, a pro-apoptotic factor essential for negative selection (Liu et al., 2003). We
also observed using the OTII TCR transgenic system, that administration of the cognate OVA peptide to
acutely infected mice undergoing thymic atrophy induced apoptosis of TCR-stimulated semi-mature
thymocytes. Taken together, these data indicate that negative selection operates normally during infection-induced thymic atrophy, since DP cells can be negatively selected. This is in agreement with previous work showing that intrathymic mature single-positive CD4+ or CD8+ T cells do not bear forbidden
TCR genes unlike their DP counterparts undergoing intrathymic differentiation (Morrot et al., 2011).
Despite the fact that the intrathymic checkpoints required to avoid the maturation of T cells that
express a forbidden T cell receptor repertoire are active in the acute phase of murine Chagas disease, DP
cells are released early on from the infected thymuses (Morrot et al., 2011; 2012). Exit during both acute
and chronic T. cruzi infections may be favored by upregulation of CD62L (L-selectin), which controls
lymphocyte homing to lymph nodes. Since DP T cells accumulate progressively in the peripheral lymphoid organs of animals acutely infected by T. cruzi, we have examined whether they exhibit activated
properties similar to effector/memory single positive T cells. The existence of this unconventional and
rare (<5%) lymphocyte population in the periphery has been explained by premature release of DP cells
from the thymus into the periphery where their maturation into functionally competent single-positive
cells continues (Mendes-da-Cruz et al., 2003). There is, however, considerable evidence of an increased
frequency of peripheral CD4+CD8+ T cells during virus infections and during acute T. cruzi infection (de
Meis et al., 2012; Morrot et al., 2012). This increase is also seen in the secondary lymph nodes, as we
demonstrated in the experimental model of Chagas disease, in which a DP T cell subset increased up to
16 fold in subcutaneous lymph nodes (Morrot et al., 2011; Giraldo et al., 2011).
Interestingly, despite the expansion of peripheral DP lymphocytes in the experimental model of
Chagas disease, these cells develop an activated phenotype, upregulating the activation markers CD44
and CD69, which are tightly linked to the differentiation status of T cells (Morrot et al., 2011). In addi-

tion, highly purified (>98%) DP cell populations obtained by cell sorting from infected mice produced
high levels of IFN-γ mRNA (Morrot et al., 2011). Furthermore, in agreement with previous studies
showing that the extrathymic DP cells in cynomolgus monkeys and in chimpanzees with experimental
hepatitis C virus infections had high cytotoxic activity and effector memory phenotypes, we found that
DP T cells, purified from peripheral lymphoid tissues of chagasic animals, had higher cytotoxic activity
than naïve single-positive CD4+ or CD8+ T cells (Nam et al., 2000; Nascimbeni et al., 2004). Most interestingly, patients with the cardiac form of Chagas disease had elevated numbers of peripheral blood
HLA-DR+ DP T cells (Morrot et al., 2011). These findings suggest that this T cell subset is associated
with the development of the cardiac form of the disease, probably as activated cells (Morrot et al., 2011;
Giraldo et al., 2011).
Together these studies point to a role of the DP T cell subset in the inflammatory processes caused
by parasite-driven immune responses. It is possible that co-expression of CD4 and CD8 molecules on the
T cell membrane enhances the affinity of the TCR for its target cell. In this way, the simultaneous triggering of CD4 and CD8 co-receptors via MHC-antigen complexes would reduce the threshold for antigen
signal and decrease the need for costimulatory signals for T cell activation (Figure 2). This cascade of
events would favor DP T cell activation in the presence of low antigen concentrations and could lead to
rapid activation of the peripheral DP T subsets at the onset of infection when parasite-derived antigens
are limiting. It is thus plausible that these cells play a role in modulating adaptive immune responses by
secreting cytokines. Therefore, the cytokines secreted by DP T cells may drive the function of dendritic
cells during adaptive immune responses, in that way providing a link between innate and adaptive immunity. In addition, DP T cells may play a part in regulating host immunity. It is also possible that, since
DP T cells theoretically recognize both class I and class II MHC complexes, these cells may eliminate
activated antigen presenting cells, which would favor the infecting parasite (Figure 2).
In conclusion, the key intrathymic checkpoints necessary for negative selection are effective during acute chagasic thymic atrophy. Despite this, the peripheral DP cells have an activated phenotype
similar to that described for activated and memory SP T cells: high IFN-γ production, CD44+CD69+ expression and cytotoxic activity (Morrot et al., 2011). This is particularly important, as we have shown
that the appearance of fully activated peripheral DP T cells is associated with the cardiac form of chronic
Chagas disease (Morrot et al., 2011; Giraldo et al., 2011). The presence of these peripheral, mature and
activated DP lymphocytes challenges current ideas about the T cell populations involved in adaptive
immune responses during T. cruzi infections and suggests that DP T cells participate from early on in the
immune response against such infections. Therefore, although the in vivo function of this DP T cell population remains to be defined, the fact that they have potentially auto reactive TCR may contribute to the
imunopathological events in both murine and human Chagas disease. Observations correlating changes in
levels of DP T cell subsets with the extent of myocardial damage in the cardiac disease could permit the
identification of a clinical marker of disease progression, and might help in the design of alternative
treatments for the chronic morbidity of the disease. These studies should provide fundamental insight
into virus-host relationship established during infection.

Figure 2: Proposed mechanisms for the role of extrathymic DP T cells. In physiological conditions, activated dendritic cells upregulate MHC and the costimulatory molecules CD80/86
and CD40 (Banchereau et al., 2000). Recognition of peptide antigens expressed on MHC class
II molecules by antigen-specific CD4+ T cells, together with signals provided by the costimulatory molecules leads to activation of CD4+ T cells and the upregulation of CD40 ligand
(CD40L) (Banchereau et al., 2000). This activation results in the increased expression of several costimulatory molecules, including CD80/CD86 at DCs, which in turn allows these cells
to activate CD8+ T cells (Bennet et al., 1998). In a pathological setting it is possible that coexpression of CD4 and CD8 molecules on the T cell membrane prematurely released from
thymus would enhance the avidity of the TCR during the priming of double-positive
CD4+CD8+ T cells which in turns could reduce the threshold of the costimulatory signals in
the T cell-dendritic cell immunological synapses. Since the DP T cells would be able to recognize both peptide-class I and II MHC complexes at the same time, these cells could quickly
eliminate the antigen presenting cells before the activation of single-positive T cells. In this
context, the DP T cells would possibly have an immunodominant effect that could play a role
in modulating adaptive immune responses. These prematurely released activated DP thymocyte cells could also maturate in the periphery into functionally competent single positive cells
able to recognize pathogen antigens. Alternatively, they could express forbidden αβTCR with
self-antigen specificities that could be determinant to induce autoimmune responses.

4

Concluding Remarks

The classical paradigm for T-cell dynamics suggests that the resolution of a primary infection is followed
by the generation of a long-lived and stable pool of memory lymphocytes. Since the physical basis of the
response is stochastic, very limited alteration in this repertoire is expected to occur due to alterations of
the dynamics of the lymphoid tissues. Understanding the basis of stochasticity in lymphocyte fluctuations
that occur secondary to viral and other pathogen infections will hopefully improve our knowledge on the
lymphocyte dynamics, and this will likely be useful for the development of protective immune responses
necessary to control persistent infections.
Overall the dynamics of T-cell expansion and contraction in persistent pathogen infections also reflects the redistribution of lymphocyte subsets in the lymphoid tissues along the infection. Fluctuations in
the lymphocyte cell population may reflect specific and coordinated responses to the pathogens in the
lymphoid organs. In this regard, correlations between the changes in the numbers of DP T cell subsets
and the extent of inflammatory pathology may represent a clinical marker of disease progression in viral
and other pathogen infections and may help the design of novel therapeutic approaches for controlling
infectious diseases.
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