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Co-ordination between innate and adaptive immunity is a foremost crucial immunological interactions. The
interaction is beneficial for the survival of the host against infectious agent and also detrimental for the pathogen
during their future encounter. Major cellular components to bridge the gap of innate and adaptive immune
system include B cells, varieties of T cell subsets and their interaction with antigen presenting cells. T cells are
the components of immune system which recognise antigen that are specifically presented with the different
class of MHC molecules like MHCI and MHCII marking the diversity of exogenous and endogenous nature of
antigen. T cells further differentiate in varieties of morphological and immunological forms like CD4+, CD8+ T
cells, Th-17, Treg and γδ-T cells based on the nature of antigen, interaction and polarizing factors. Therefore the
evolutionary selections of these diversities have a different functional aspect which is not only dependent upon
their percentage presence but more promisingly dependent upon their physiological state and local environment.
Thus this review is highlighting the major contributions of T cells subsets using an infectious disease model of
visceral leishmaniasis and also helpful in explaining the reason for the non-responsiveness of the T cells subsets
during the onset and progression of infection.

1. Introduction
Visceral leishmaniasis (VL), commonly known as kala-azar affecting
mainly the visceral organ of the infected host. The co-occurrence of HIV
and VL infection is emerging as a serious threat for the mankind where
the main hallmark of the infection is severe immune deficiency [1]. T
cells are the important cells of the immune system which is capable of
differentiation into various functional forms like Th-1, Th-2, Th-17,
Treg and γδ-T cells etc. These various form of T cell subsets are generated once the initial signal are transmitted from the different antigen
presenting cells like macrophage and dendritic cells (DC). It has been
found that Leishmania donovani parasite the causative agent of VL
generally recognises antigen presenting cells (APC) and multiply within
the hostile environment of these cells [1,2]. During the progression of
the infection the parasite modulate the host macrophage or DC for their
survival and thereby as a result the specific factors secreted by the reprogrammed APC help in the differentiation of specific T cells subsets.
The components of the immune system play vital role in the removal and executions of these parasite which include antigen presenting cells, soluble mediator like cytokines, chemokines, and the coordination of T cells [3,4]. T cells are characterized by the presence of
specific markers on their surface like CD3, CD4 and CD8, expression of
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transcription factors like GATA-3, Tbet, RORγt and Foxp3 etc. and the
interaction with specific class of MHC for antigen recognition like MHCI
and MHCII for the execution of endogenous and exogenous nature of
the antigen [5,6]. Some T cells like Th-17 cells secretes cytokine IL-17,
IL-6 etc. which help to achieve pro-inflammatory state and provide
protective immunity against parasite infection [7]. The occurrence of
such diversity in the T cells subsets helps us to explore the functional
aspects of these cells and to categorise the specific group of cells under
selective role they play. T cells recognises MHC bound antigens along
with that it also helps in the proliferations of other T cells, activation of
B cells, regulation of intense immune response and to connect innate
and adaptive immune system to induce memory response [8]. These T
cells have important role in the inflammatory diseases and also play
vital role to prevent our body from hyperimmune activation, autoimmunity, immunodeficiency and the complete execution of infectious
agents which can result into the onset of these conditions [9]. During
VL it has been found that successful establishment of infection increases
the population of Th-2 and Treg cells which secretes increase level of
serum IL-10 and TGFβ cytokines which develop severe immune suppressive condition. On the other hand elevated population of Th-17 and
Th-1 cells secretes various pro-inflammatory cytokines which resist the
onset of infection. Therefore, in this review we have summarise the role
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of different subsets of T cells, their functional aspects and the physiological response with the help of a single infectious disease model of
visceral leishmaniasis.

production of IL-17 cytokine [19]. It produces varieties of cytokines
which include IL-17A, IL-17F, IL-21, IL-22, TNF-α, IL-6, IL-26 [20]. Th17 cells are highly responsive to certain chemokines and cytokine receptors like CCR4, CCR6, IL-23R which they express on their cell surface [21]. The cytokines produced by Th-17 have both pathogenic and
beneficial effects. RORγt is the specific transcription factor for the differentiation of Th-17. The cytokines produced by Th-17 cells help in the
elimination of pathogenic microbes whereas sustained release of IL-17
leads to chronic inflammation autoimmune diseases [22]. The differentiation of Th-17 cells is debatable and the issue still remain unresolved. Previously it was though that activation of T cells in the
presence of IL-1β, IL-6 and / IL-23 was sufficient to induce the differentiation of Th-17 cells and that this process was inhibited by TGF-β1
[19,23]. However later reports have shown the importance of TGF- β1
in the development of human IL-17 producing cells. It has been found
that in visceral leishmaniasis Th-17 cells is associated with host protective immune response which is through the secretion of IL-17 cytokines and the recruitment of neutrophil to the site of action [24]. Even
during human infection, it was found that those individuals displaying
high serum level of IL-17 cytokine shows resistance and fast recovery
response from L. donovani infection [25]. Studies from our lab reported
that Leishmania antigen and peptidoglycan stimulated dendritic cells
based vaccination induces host protective response in VL which is
through IL-17 secretion [1]. However, in another study it was reported
that IL-17A promotes susceptibility to L. donovani infection which is
through restricted secretion of IFNγ and less accumulation of neutrophil
[26]. Thereby proving that the mere presence of IL-17 is just not enough for the detrimental effect to the pathogen, the regulation of other
cytokines due to hyper-responsiveness of IL-17A can reverse the effect.

2. T cell and its different subsets in visceral leishmaniasis
2.1. CD4+ T cells
The majority of the T lymphocytes consist of the CD4+ T cells. The
membrane glycoprotein molecules CD4 that are expressed by the T cells
recognize antigens only bound to MHC class II molecule. CD4+ T cells
mainly function as T helper cells. When the naïve CD4+ T cells are
activated after interacting with the MHC-class II – antigen complex,
they are differentiated into the classical Th-1 and Th-2 type depending
on the microenvironment [4]. Since 1986, when it was believed that
activated CD4+ T cells can differentiate into Th-1 and Th-2 cells which
differ in their mechanism of action and cytokine production, till today’s
date this view has completely expanded [10,11]. Now it is show that
CD4+ T cell exist in distinct subset like Th-1, Th-2, Th-17 and Treg
[10]. In visceral leishmaniasis CD4+ T cell found to secrete pro-inflammatory cytokines like IL-12 and TNFα which is associated with
major host protective role [12] although the case is not same in all
condition. In case of progressive visceral leishmaniasis of experimental
hamster model it has been found that the splenic CD4+ T cells showed
mixed expression of Th-1 and Th-2 cytokines [13]. It was found that
splenic CD4+ T cells from infected hamster shows increased expression
of inhibitory receptor PD-1 for the ligand like PD-L2. Blockage of this
receptor causes decrease in the expression of arginase-1 as a result of
which the organ parasite burden was decreased [13]. In another study
using mice model of VL caused by L. donovani parasite it was reported
that the infection induced increase in the population of IFNγ producing
CD4+ T cell is responsible for irreversible loss of bone marrow function
[14]. These reports clearly indicates that the presence of CD4+ T cells
in large number is just not sufficient for the protection from the infection, the physiological state and polarization towards pro-inflammatory response play a promising role in the defence against the
disease.

2.4. Treg cells
Treg cells falls under a category of CD4+ T cells and comprise
5–10% of the total CD4+ T cells. The main functions include suppression of allergy, prevention of autoimmune diseases and the maintenance of self tolerance. Like others, Treg cells also have specific
markers for identification. The most widely used markers for Treg cells
include CD25, CTLA-4, CD127 and a specific transcription factor known
as Foxp3 [27]. Treg cells are a subset of CD4+ T cells constitutively
expressing CD25 and are enriched in suppressor activity due to the
synthesis of IL-10 and TGFβ cytokines [27,28]. Treg cells is widely
explored in case of both human and experimental VL model and it has
been found that it is associated with higher susceptibility of infection
due to elevated secretions of IL-10 and TGFβ cytokines [29]. IL-10 secreted by Treg cells also induces IL-10 producing CD4+ T cells which
confer more immune-suppression in the infected host [30]. The balance
and conversion between Th-17 and Treg cells also depends upon the
serum level of IL-2, which helps in higher Th-17 generation and decreased Treg population [31]. Another studies reported that CD4+
Foxp3+ Treg cells but not CD8+ Foxp3+ Treg cells are important for
the increased susceptibility to Leishmania infection and heightened IL10 production [25]. Therefore the studies have confirmed the specific
type of Foxp3+ Treg cells is important to promote tolerance or susceptibility during L. donovani infection and the presence of other cytokines can affect the population of Th-17 and Treg cells.

2.2. CD8+ T cells
CD8+ T cells mainly function as cytotoxic T cells and are restricted
to recognize antigens that are bound MHC- class I. This cell expresses
dimeric membrane glycoprotein CD8. When the naïve CD8+ T cells
become activated, they have 3 major defence mechanisms against the
infection. The first is the secretion of cytokines- IFN-γ and TNF-α, the
second is the release of cytotoxic granules like perforin and granzyme,
and the third is destruction of the infected cells via the Fas/Fasl interactions [15]. In case of VL caused by L. donovani, it has been reported
that the presence of CD8+ T cells confer protection against the onset
and the progression of the disease through the secretion of IFNγ, perforin and granzyme molecules. Whereas the vaccine induced elevation
of CD8+ T cells are promising in decreasing organ parasite burden in
mice model which is dependent on chemokine CXCL-10 [16]. It was
reported that in healed VL individuals the elevated level of CD8+ T cell
confer resistance to L. donovani infection through the secretion of
granzyme B [17]. Although in human VL, the progression of infection
drives the CD8+ T cells towards anergy/exhaustion state which restricts the ability of CD8+ T cells to provide protection [18]. Therefore
these studies clearly state that the functional aspects of CD8+ T cell
response is dependent on the nature of stimulus and the physiological
state of the cell.

2.5. Natural killer T cells
These are unusual subset of the immune system that does not display the typical membrane molecules and T cell receptors that distinguish the T cell lineages. They are usually characterized by the presence
of the markers such as NK 1.1, NK 1.2, CD16, CD56 etc. [32]. These
subsets of T cells can work in absence of antibodies or MHC and even
work as cytotoxic lymphocytes the CD8+ T cells and can produce
abundant amount of cytokines when they are activated upon encountering an antigen [32]. The rearranged T cell receptor of the NKT

2.3. Th-17
In addition to the classical Th-1 and Th-2 cells, Th-17 cells are the
different lineage of CD4+ T cell that is mainly characterized by the
2
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Fig. 1. Differential role of T cell subsets during
visceral leishmaniasis. (A) After stimulation
the CD4+ T cells secretes IL-12 and TNFα,
CD8+ T cell secretes IFNγ and Th-17 cells secrets IL-17 cytokines which together helps in
the killing of parasite and provide protective
immune response. IL-17 also helps in the activation of neutrophil which again become detrimental for the survival of the parasite. (B)
Infection induced differentiation of Treg cells
and Th-2 cells (CD4+ IL-10+ T cells) increased the expression of IL-10 and TGFβ
which ultimately impair host protective immune response and helps in the progression of
infection.

Another study reported similar finding in VL patients where infection
induced γδ-T cells population were observed. This elevated γδ-T cells
causes increase secretion of B-cell growth factor and B-cell differentiation factor which are the major cause of humoral immune system
abnormality and hypergammaglobulinemia associated with the disease
suggesting the pathological and immune-suppressive response of these
subsets of T cells [40].

cell recognizes lipid antigens presented on CD1d which are itself not
MHC but MHC like molecules [33]. These cells have the ability to
bridge the adaptive and the innate immune system by rapidly producing a wide variety of signature cytokines [34]. After activation the
NKT cells secretes various type 1 and type 2 immune regulatory cytokines which helps in the clearance of parasite and recovery of host
immunity. In context of leishmaniasis it has been found that NKT cells
after activation secretes IFNγ, TNFα, IL-23 along with increased generation of IL-17 cytokines which restores host immune response and
ultimately helps in the effective clearance of parasite. The uniqueness of
the IL-17 generation by NKT is found to be independent of IL-6 cytokines [31]. In another study it was revealed that different subsets of
NKT cells namely CD4+ CD56+ NKT cells and CD8+ CD56+ NKT
cells are differentially regulated during L. donovani infection, where
infectious induced CD4+ CD56+ NKT cells was found to be the major
source of TGFβ making the host more immune suppressive and restoration of CD8+ CD56+ NKT cells helps in the recovery of the disease [35].

3. Discussion
Infection induced differentiation of T cells are the outcome of reprogrammed antigen presenting cells. Once the parasite entered into
the hostile environment of the macrophages it induces the secretion of
specific cytokines. These cytokines helps in the polarization of the naive
T cells and the induction if specific transcription factors which dictate
the fate of T cell differentiation. In context of leishmaniasis it was found
that different T cell subsets function differently during infection. Some
T cells provide protective immune response while other are associated
with suppressive immunity and pathological outcome to the host. IL12+ CD4+ T cells, CD8+ T cells, Th-17 and NKT cells are categorised
under such immune-protective T cell subsets whereas IL-10+ CD4+ T
cells, Treg cells, CD4+ TGFβ+ NKT cells and γδ-T cells are associated
with progression of the infection. Infected macrophages secretes IL-10,
IL-4 and other cytokines and helps in the induction of Foxp3 and
GATA3 transcription factors in the naive T cells and thereby help in the
generation of Treg and Th-2 cells respectively. On the other hand when
the cells are pre-stimulated with antigen or immune-therapeutic molecules it induces the secretion of cytokines like IL-2, IL-6, TGFβ IL-23,
TNFα and IL-12. These cytokines helps in the expression of transcription factors like RORγt and t-bet and thereby the differentiation of Th17 and Th-1 cells take place. Treg and Th-17 cells play important role in
the maintenance of inflammatory homeostasis. The decision between
these two cell type differentiation is very crucial and somewhat depends upon the expression of IL-6 and TGFβ [1]. Higher serum levels of
IL-6 and lower TGFβ induce Th-17 differentiation whereas higher TGFβ
and other regulatory cytokines in absence of IL-6 play important role in
the induction of Treg cells and Th-2 cell types. As the severe immune
response against the pathogen can also harm the host by providing
intense pro-inflammatory environment, therefore it is necessary to
control these events by maintenance of homeostasis where Th-17 and

2.6. γδ-T cells
The γδ-T cells are the subsets of T cells which unlike other T cells
express γ and δ chain as surface glycoprotein receptors than commonly
found α and β receptors. These T cells although found in very less
percentage in the total T cell pull of the human body but in gut mucosa
these T cells are the most abundant among others. [36]. γδ-T cells develop in the thymus gland and express high levels of TNFα, IFN-γ and
granzymes. The TCR of these cells consist of γ and δ subunits. Phospho
antigens have been described as ligands for γδ-TCR and traditional
antigen presentation is generally not required for its activation. They
offer distinct functions like cytolysis, IgE induction, production of
growth factors and antigen presentation [37]. They are the subset of the
“unconventional” T lymphocytes as they can recognize diverse range of
antigens without possessing MHC molecules [38].The functional responses of the γδ-T cells are brought about by the recognition of the
stress antigen, which results in the production of cytokine, clearance of
pathogen, inflammation and tissue homeostasis [39]. L. donovani
parasite exploit γδ-T cells pathway by increasing their populations. This
increase in population is associated with decrease cellular expression of
HLA-DR on T cell blast making the host more immune-suppressive [36].
3
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Treg cells play major role. Although it has been found that mere presence of the different T cell are just not enough for the protection from
the invading pathogens, their nature of stimulus, physiological state,
presence and absence of other cytokines are important to induce the
different transcription factors and thus it dictate their function. Taken
together this review highlighted the functional aspects of T cells diversities with respect to their population and physiological state and the
co-ordination between different components of the immune cells focusing on the main aim of disease resolution (Fig. 1). A greater
knowledge in T cells biology is required for the predicting the possible
involvement of the immune arms in different disease model ranging
from infectious disease, autoimmunity, immune deficiency to cancer
and is promising in finding the therapeutic targets to restore host defence mechanism.
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