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Abstract: Engagement of bioactive ligands with cell surface receptors plays critical roles in the
initiation and regulation of aff T cell development, homeostasis and functions. In the past two
decades, new subpopulations of aff T cells have been discovered. In addition, the characterization of
new ligand/receptor axes has led to a better understanding of aff T cell biology. In the current review,
the phenotypic and functional properties of afy T cell subpopulations are described, as well as the
effects of three novel and well-documented signal pathways—Wnt, Notch and Hedgehog
signaling—on off T cell development and functions are summarized. These signal pathways are
initiated by the ligation of corresponding ligands with respective receptors, and this subsequently
exerts a positive or negative influence on o T cell ontogenesis and behavior. Thorough
understanding of the components of these signal pathways might shed new light on the manipulation
of af T cell biology so as to favor the advance of diagnosis and therapy of immune disorders such as

infection, tumors and autoimmune diseases.
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Abbreviations

CD: cluster of differentiation; IL: interleukin; IFN: interferon; TGF: transforming growth factor;

LT: lymphotoxin; TCR: T cell receptor

1. Introduction

Immune cells interact with each other and target cells through direct and indirect contact to
maintain survival, initiate immune responses, transmigrate to target sites and launch immune attacks
or immunoregulation. Both direct and indirect cell-cell contact involve engagement of bioactive
ligands and receptors. As a critical component of cellular immune responses, aff T cells express a
complicated array of receptors and ligands to satisfy the demand of accurate and timely reaction
against foreign pathogens and mutated self-antigens. Classical ligands that regulate af T cell
development and function, such as MHC molecules, co-stimulatory molecules, cytokines,
chemokines and adhesion molecules, have been extensively studied and greatly favor the advance of
diagnostic and therapeutic approaches for various diseases. Importantly, in the past decades, newly
discovered ligand/receptor axes that play significant parts in the shaping and modulation of T cell
immunity have substantially deepened our understanding of the immune system. In this review, we
focus on three well-documented signal pathways induced by novel ligand/receptor axes—Wnt
signaling, Notch signaling and Hedgehog signaling and summarize their roles in aff T cell
development and functions, with subsequent discussion of the potential mechanisms underlying
their effects.

2. T cells

T cells are the cellular components of adaptive immunity in the body. Originated from
hematopoietic stem cells and developing in the thymus, each T cell targets a unique antigen epitope
with their specified antigen recognition receptors on their surface [1]. T cells can be grouped into
various subsets based on their effector functions and molecular phenotype. Distinct T cell subsets
promote different types of immune response. About 95% of T cells are aff T cells, named after the T
cell receptor (TCR) consisting of an a and a B chain [2]. The thymus is the main producer of aff T
cells. af T cells exit from the thymus to enter the blood circulation and home to secondary lymphoid
organ/tissues such as spleen, lymph nodes, tonsils, Peyer's patches and mucosa associated lymphoid
tissue (MALT) [3]. Based on the expression of surface CD4 and CDS8 glycoprotein, aff T cells can be
further divided into CD4" and CD8" T cells.

2.1. CD4" Tcells

Also known as helper T cells, CD4" T cells are crucial in achieving effective adaptive immune
response to pathogens. Naive CD4" T cells are activated after interaction with antigen-MHC complex
AIMS Medical Science Volume 3, Issue 4, 312-328.
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presented by antigen presenting cells (APCs) and differentiate into specific subtypes depending on
the cytokine milieu of the microenvironment [4]. CD4" T cells help B cells make antibody, enhance
and maintain responses of CD8" T cells, and regulate macrophage function. In addition, CD4" T cells
play critical role in immunologic memory [5]. CD4" T cells can be activated in response to a
particular cytokine milieu and may differentiate into one of several lineages, including Thl, Th2,
Th17, Th9, Treg, and Ty, as defined by their pattern of cytokines production and function [5]. Table
1 summarizes the differentiation and functions of the major CD4" T cell subtypes.

Table 1. CD4" T cell subtypes.

Subtype Inducing cytokine Master regulator Effector Cytokine Function

Thil IL-12, IFN-y T-bet, STAT1 IFN-y, LTo/B Anti-viral and anti-bacterial
immunity
Th2 IL-4, IL-2 GATA-3, STAT6 IL-4,IL-5, IL-9, Extracellular parasites
IL-10, IL-13 immunity
Th17 TGF-B, IL-6, RORyt, STAT3 IL-17a, IL-21, Inflammation,
IL-21, IL-23 IL-22 autoimmunity
Th9 TGF-B, IL-4 IRF4* IL-9 Inflammation,
autoimmunity,
anti-tumor immunity
Treg TGF-p Foxp3 IL-10, TGF-B, Anti-inflammation,
IL-35 Anti-autoimmunity
Tru IL-6, IL-21 STAT3* 1L-10, IL-21,IL-4 Help B cell differentiation

* Important but might not be the master regulator.

2.2.  CDS8" Tcells

CD8" T cells are the major fighters against viral infections but also participate in defense
against bacterial and protozoal infections [6]. Resting naive CD8" T cells react to pathogens by
massive expansion and differentiation into cytotoxic effector cells that migrate to all regions of the
body to clear the infection. Pro-inflammatory cytokines, such as IL-12, play a key role in terminal
differentiation of CD8" effector T cells [7,8]. CTLs are equipped with effector agents such as IFN-y,

TNF-a, perforin, granzyme B and Fas ligand to kill pathogen-infected or dysfunctional somatic cells.

3. Wnt Signaling

Wnt proteins are a family of 19 secreted glycoproteins that have crucial roles in the regulation
of diverse processes, including cell proliferation, survival, migration and polarity, specification of
cell fate, and self-renewal in stem cells and tumor cells [9,10]. The detailed characterization of
canonical and non-canonical Wnt signal pathways, together with their significance in diverse

diseases, have been well documented in previous reviews [11-13]. Notably, numerous reports have
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disclosed the role of Wnt signaling in the development and function of T cells, emphasizing the
importance of Wnt proteins for T cell immunity. In the following we summarized the recent findings

in this area.

3.1.  Wntand T cell development

Wnt proteins and related signal transduction have been known to influence lymphocyte
development [14]. T cells are generated in the thymus, and thymic epithelium is the main source of
Whnt proteins [15,16]. Expression of ecto-domains of Frizzled receptors by retroviral transduction as
extracellular inhibitors of Wnt signaling in fetal thymus organ culture induces a complete block of
early thymocyte development, indicating that secreted Wnt factors are essential for intrathymic T
lineage development [17]. Specifically, expression of Wntl and Wnt4 through retroviral transduction
yielded increased numbers of cultured thymocytes in the absence of stroma, likely through a
combined effect on survival and proliferation [17]. However, the role of Wnt signaling might be
dependent on development phases. Stabilization of B-catenin in thymocytes leads to the generation of
double positive thymocytes lacking surface expression of the TCR/CD3 complex, indicating that the
effects of stabilized B-catenin occurred independent of, or parallel to, pre-TCR signaling and TCR
selection in double negative thymocytes [18]. Indeed, it has been shown that Wnt signaling occurs in
the thymus and is most active in the immature double negative stages [19]. Differential sensitivity to
Wnt signaling at different thymocyte stages was not caused by increased expression of Frizzled or
Wnt proteins on the most immature thymocytes, as Frizzled and Wnt seem to be expressed at
comparable levels in all thymocyte subsets. Instead, increased expression of positively acting
canonical Wnt factors (such as B-catenin) and decreased expression of inhibitory molecules (such as
AXINTI) was observed in double negative thymocytes [19]. So, responsiveness to Wnt signaling in
thymocytes appears to be regulated by the differential expression of intracellular signal-transduction
molecules. In addition, other studies also illustrate the importance of Wnt signaling in T cell
development. Conditional T-cell-specific deletion of B-catenin, using the proximal LCK promoter to
control Cre expression, impaired T-cell development at the B-selection checkpoint, leading to a
marked decrease in the number of peripheral T cells [20]. Activation of the WNT pathway by

overexpressing activated forms of B-catenin led to the generation of more thymocytes [21].

3.2.  Wat signaling regulates CD4" T cell functions

The significance of Wnt signaling for T cell immunity has been studied for the past decade.
Once T cells have entered the circulation, they continue to express Wnt receptors Frizzled and
LRP5/6, and expression of Frizzled and LRP5/6 are markedly up-regulated on effector T cells [22].
Moreover, the transcription factors involved in Wnt signaling -LEF1 and TCF1- are also dynamically
expressed in T cells, with changing protein levels depending on the activation status of T cells [23].

However, the peripheral sources of Wnt proteins, especially in the T cell-mediated immune
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responses, have not been completely identified. Most studies use transgenic animal models or
chemical compounds to increase or decrease Wnt signaling components to demonstrate the role of
Wnt pathway in T cell activity. Interestingly, a recent study revealed T cell’s ability to express
Wnt7a upon TCR activation and IL-2 stimulation, and postulating that Wnt7a keeps T cells in a
non-proliferative state [24].

The impact of Wt signaling on CD4" T cell behavior has been partially elucidated. It is very
likely that the effect of Wnt signaling is differential in distinct subpopulations and functional phases
of CD4" T cells. Despite the CD4" T cell subsets, the inhibitory effect of Wnt signaling on CD4" T
cell function has been repeatedly observed [25-27]. Wnt signaling initiates the Th2 fate by inducing
the transcription factor Gata-3 and repressing I[FN-y [28,29]. However, another study stated that
B-catenin is dispensable for T cell effector differentiation, memory formation and recall
responses [30]. Interestingly, studies showed that Wnt signaling extends regulatory T cell (Treg)
survival [31] but negatively modulates Treg cell function [26]. Moreover, it was reported that Wnt
signaling favors Th17 differentiation by up-regulating IL-17a and RORyt expression in activated
CD4" T cells [27,32]. However, other studies drew the opposite conclusion regarding the Th17
differentiation [33,34]. Therefore, further studies are required to clarify the role of Wnt signaling in

CD4" T cell differentiation in distinct scenarios.

3.3, Wat signaling regulates CD8" T cell functions

By using an inhibitor to block the activity of GSK-3 which acts as a switch in regulating
B-catenin stability, it is proposed that Wnt signaling blocks CD8" T cell proliferation and effector
differentiation while promoting the generation of memory CD8" T cells [35]. This finding has been
supported by subsequent studies indicating the essential role of the Wnt pathway effector Tcf-1 for
the establishment of functional CD8" T cell memory, as well as constitutive activation of Wnt
signaling in favor of generation of memory CD8" T cells [36,37]. However, another study argued
that B-catenin is not required for the effect of GSK-3p inhibition on alterations in memory phenotype
of CD8" T cells, and even high concentrations of Wnt3a failed to induce B-catenin accumulation in
primary T cells [38]. The discrepancy of the above studies emphasizes the urgent need for detailed
characterization of Wnt signaling in CD8" T cells. Regardless of this dispute, it is generally
considered that active Wnt signaling can keep CDS8" T cells in a more undifferentiated state. In
addition, the extent of Wnt signaling is also associated with the memory CD8" T cells’ function, as
demonstrated by increased recall expansion in memory cells with high Wnt levels [39]. Furthermore,
a recent study stated that CD8" T cells entering the CNS during HIV infection can give rise to
CD4(dim)CD8(bright) T cells through a Wnt signaling-dependent manner, suggesting the
importance of Wnt signaling in anti-HIV control in the CNS [40].
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4. Notch Signaling

Notch signaling links the fate of one cell to that of an immediate neighbor and consequently
controls differentiation, proliferation and apoptotic events in multiple metazoan tissues. The
canonical model requires the activation of the Notch receptor through a series of proteolytic events
on binding to any of the Delta-Serrate-LAG2 (DSL) ligands. The crucial cleavage event for signaling
depends on the y-secretase-mediated release of the Notch intracellular domain (NICD) from the cell
membrane. This allows the translocation of NICD into the nucleus, where it directly participates in a
core transcriptional complex with the DNA-binding protein Suppressor of Hairless (SU(H)) and the
nuclear effector Mastermind (MAM), thereby activating transcription of target genes. The role of
Notch signaling in T cell development and function has been investigated for over two decades.
Intriguing discoveries with regard to Notch signaling in T cells are summarized in the

following sections.

4.1.  Notch and T cell development

Notch signaling is highest in immature af T cells (including in early thymic progenitors (ETPs),
double-negative 2 (DN2) thymocytes and DN3a thymocytes up to the DN3 stage [41]. In these
immature thymocytes, Notchl is continuously required to restrict developing off T cells to the T cell
lineage [42]. Notchl ligand Delta-like 4 is expressed on thymic epithelial cells and is the essential,
non-redundant ligand for Notchl during thymic T cell lineage commitment [43]. Inactivation of
Delta-like 4 in TECs led to a complete block in T cell development [43]. Furthermore, it is reported
that other Notch ligands, such as Jagged-1, Jagged-2 and Delta-like-1, are also expressed by thymic
epithelium [44,45]. It has been suggested that Jagged2, like Delta-like-1 and Delta-like-4 but in
contrast to Jaggedl, can mediate the T- versus B-cell lineage decision [45]. Interestingly, the
differential effects of Notch ligands on T cell development are also supported by an independent
study showing that Delta-1, but not Jagged-1, permits the emergence of a de novo thymocyte
population co-expressing CD4 and CDS8 [46]. After thymocytes successfully pass B-selection, they
immediately down-regulate Notchl expression.

4.2.  Notch signaling and CD4" T cell functions

In an in vivo model, administration of y-secretase inhibitors, which impedes cleavage of Notch,
substantially impeded Th1-mediated disease progression by preventing Notch-induced up-regulation
of Tbx21 in the mouse experimental autoimmune encephalomyelitis model of multiple sclerosis [47].
However, y-secretase inhibition may not only affect Notch cleavage but may also affect the cleavage
of many other targets that could affect Th cell differentiation independently of Notch signaling,
indicating the necessity of specific Notch blockage/knockout in further study. Indeed, in the EAE

model, specific induction of Notchl and Notch3 transcripts were noted in EAE-reactive T cells, and
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selective inhibition of Notch3, but not Notchl, receptor abrogated proliferation, Th1- and Th17-type
responses [48]. In other research, expression of Notchl and Notch2 on T cells is crucial for the
differentiation of functional IFN-y-secreting Th1 cells during infection with L. major [49].

Differentiation of other Th cells is also influenced by Notch signaling. It is shown that Notch
binds to the promoter of GATA3, a master regulator of Th2 differentiation, thus inducing the
expression of the GATA3 [50]. The Notch signaling pathway was also shown to cooperate with
TGFB to induce Th9 cells. Notchl intracellular domain recruited Smad3, and together with
recombining binding protein (RBP)-Jk bound the 119 promoter and induced its transactivation [51].
However, a recent research provides a detailed mechanistic study investigating the role of Notch in
orchestrating Th cell differentiation. In this experiment, Notch simultaneously regulated the Thl,
Th2, and Th17 cell genetic programs independently of cytokine signals, acting as an unbiased
amplifier of Th cell differentiation. This raises the question that perhaps Notch signaling equivalently
initiates multiple Th programs rather than supporting any specific Th differentiation alone. This
hypothesis needs further investigation in distinct disease models [52].

Previous publications accumulated evidence of Notch signaling in Treg cells. It is reported that
Notch3 is expressed at a higher level on CD4" CD25" T cells which contain Treg cells [53].
Enforced expression of constitutively active Notch3 in T cells induces the accumulation of Treg cells
in the thymus and periphery, leading to protection against autoimmune disorders [53]. Further
studies reported that Notch3 also enhanced their suppressive activity by increasing Foxp3
expression [54,55]. These results indicate that Notch signaling favors Treg cell generation and
suppressive activity. However, in a recent study using a lineage-specific deletion of components of
the Notch pathway, Notch signaling is found to be detrimental for Treg cell- mediated suppression of
Thl responses and protected against their Th1 skewing and apoptosis [56]. In contrast, expression in
Treg cells of a gain-of-function transgene encoding the Notchl intracellular domain resulted in
lymphoproliferation, exacerbated Thl responses and autoimmunity[56]. This study also
demonstrated that cell-intrinsic canonical Notch signaling impaired Treg cell fitness and promoted
the acquisition by Treg cells of a Thl cell-like phenotype, whereas non-canonical Notch signaling
dependent on the adaptor Rictor activated the kinase AKT-transcription factor Foxol axis and
impaired the epigenetic stability of Foxp3 [56]. The contradictory data with regard to Notch
signaling in Treg cells presents the possibility that different Notch receptors might function
differentially, depending on the immune milieu and intensity of Notch signaling. Interestingly, it is
reported that Notch activation in effector T cells increases their sensitivity to Treg cell-mediated

suppression through up-regulation of TGF-BRII expression [57].

4.3.  Notch signaling and CDS8" T cell functions

The engagement of Notch ligands was shown to regulate the CD8" T cell functions. Ligation of
Delta-like 1 to Notch on splenic CD8" cells results in a dramatic decrease in IFN-y with a
concomitant enhancement of IL-10 production in a transplantation model, suggesting that Notch
AIMS Medical Science Volume 3, Issue 4, 312-328.
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signaling can alter the differentiation potential of CD8" cells[58]. In addition, administration of
anti-Delta-like 1 mAb decreases granzyme B-producing cytotoxic T cells in a mouse cardiac
transplant model, further illustrating the importance of Notch signaling for CD8" T cell reaction[59].
Furthermore, Notch2-deficient T cells had impaired differentiation into cytotoxic T lymphocytes,
and dendritic cells with lower expression of the Notch ligand Delta-like 1 induces the differentiation
of cytotoxic T cells less efficiently both in vitro and in vivo, demonstrating a crucial role for Notch2
signaling in CD8" T cell cytotoxic responses [60]. This study proves that the intracellular domain of
Notch2 interacts with a phosphorylated form of the transcription factor CREB1 to induce granzyme
B expression in CD8" T cells [60]. The same group later reported that Notch2 signaling, but not
Notchl signaling, is required for the generation of anti-tumor CD8" T cell responses [61].
Independent research revealed that both Notchl and Notch2 are critical for the proliferation and
IFN-y production of activated CD8" T cells and are significantly decreased in tumor-infiltrating T
cells [62]. Conditional transgenic expression of the Notchl intracellular domain in antigen-specific
CDS8" T cells increased both cytotoxicity effects and granzyme B level [62].

Recently, it was found that Notch receptor favors the differentiation of activated CD8" T cells
towards terminal effector cells (TEC) instead of memory precursor cells (MPC). In this report, Notch
promotes the differentiation of immediately protective TEC and is correspondingly required for the
clearance of acute infection with influenza virus [63]. The mechanism under this effect is that Notch
activated a major portion of the TEC-specific gene-expression program while suppressing the
MPC-specific program. Expression of Notch was induced on naive CDS" T cells by inflammatory
mediators and IL-2 via pathways dependent on the metabolic checkpoint kinase mTOR and the
transcription factor T-bet. This study is supported by further evidence showing that Notch signaling
pathway plays a context-dependent role for optimal cytokine production by effector CDS" T cells in

a Listeria infection model[64].

S. Hedgehog Signaling

The Hedgehog (Hh) family of proteins control cell growth, survival, and fate, and pattern
almost every aspect of the vertebrate body plan. Three mammalian hedgehog proteins have been
found, including sonic hedgehog (SHH), Indian hedgehog (IHH) and desert hedgehog (DHH).
Hedgehog proteins bind to their receptors, including Ptc, Smo and several co-receptors, to induce
signal cascades so as to exert their effects. The detailed summary of Hedgehog proteins and
corresponding receptors can be found in pervious reviews [65—67]. Here we focus on the effect of

Hedgehog signaling in T cell development and functions.

5.1.  Hedgehog and T cell development

Like Wnt and Notch ligands, SHH, IHH and DHH are expressed by the thymic epithelial cells

in both mice and human thyme [68—71]. In human thymus, SHH-expressing epithelial cells are
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restricted to the thymic subcapsula and medulla, whereas IHH- and DHH-producing epithelial cells
are distributed throughout the thymus. The requisite Hh receptors, Ptcl and Smo, and the Gli
transcription factors are expressed by thymocytes and also by epithelial cells [71]. In mice, Smo is
highest in the DN2 population and is gradually downregulated in the subsequent DN3 and DN4
populations, to be virtually undetectable at the DP stages [68,70]. In SP thymocytes, only 9% of
CD4" thymocytes and 20% of CD8" thymocytes express detectable Smo [68]. Consistently,
transcription of the hedgehog target gene and hedgehog-responsive-transcriptional activator Glil is
highest in the DN2 population [70]. Among the three Hh proteins, SHH has been the best
characterized in T cell biology until recently. Shh-/-thymus contains 10 times less thymocytes than
the wild type thymus, and has reduced thymocyte proliferation as well as a partial arrest in
development at the DN1 stage [69]. Gli3-/-thymus, which lacks the Gli3 protein downstream of SHH
pathway, also has a partial thymocyte arrest at the DN1 stage [72]. Therefore, SHH is essential for
differentiation into DN2 thymocytes. However, the function of Hh signaling at the transition from
DN to DP cells is controversial because contradictory data has been generated from independent
studies, indicating the necessity of more specific and more elaborated studies for complete
elucidation of the role of SHH in thymic T cell development.

5.2.  Hedgehog signaling and CD4" T cell function

Literature has reported Shh and its receptor Ptc are expressed on resting and activated human
peripheral CD4" T cells. Addition of exogenous SHH amplified the production of IL-2 and
IFN-y by activated CD4" T cells. Cell surface expression of CD25 and CD69 on activated T cells
was up-regulated by exogenous SHH [73]. In addition, exogenous SHH is able to promote entry of T
cells into the S-G(2) proliferative phase of the cell cycle, thus enhancing the clonal expansion of T
cells [74]. However, it has also been observed that constitutive activation of SHH signaling inhibits
T-cell activation and proliferation, most probably by modulating the strength of the TCR signal [75].
The suppressive effect of Hh is supported by the observation that Gli2 transcriptional activator
impairs the TCR-induced calcium flux and nuclear expression of NFAT, suppresses up-regulation of
molecules essential for activation, and attenuates signaling pathways upstream of AP-1 and NF«xB,
leading to reduced activation of CD4" T cells [76]. Surprisingly, conditional deletion of Smo from T
cells has failed to reveal any positive or negative influences on agonistic antibody-induced T cell
proliferation in vitro [70]. Similarly, an investigation reported that peripheral CD4" T cells were not
affected by selective deletion of Ptch gene in CD4 " T cells, because proliferation and IFN-y secretion
by Ptch-deficient T cells were indistinguishable from controls irrespective of strong or suboptimal
stimulatory condition [77]. The controversy of Hh effects on CD4" T cells might reflect a high
degree of complexity in Hh signaling in CD4" T cells.

It seems that Hh is not important for Treg function, because Ptc deletion in CD4" T cells does
not alter the frequency of Tregs, Foxp3 expression in Tregs, and the immunosuppressive activity
of Tregs [77].
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5.3.  Hedgehog signaling and CDS" T cell function

Unfortunately, the role of Hh signaling in the regulation of CD8" T cell function has not been
extensively studied. Recent research has presented clues to how Hh impacts CD8" T cell reaction. In
2013, it was discovered that Hh signaling controls T cell killing at the immunological synapse [78].
In this study, TCR activation triggers Hh signaling and expression of Hh components in CD8" T
cells. Importantly, IHH, not SHH or DHH, is expressed in both naive CDS8" T cells and cytotoxic T
lymphocytes derived from CD8" T cells (CTLs). Smo deletion CTLs attenuated target cell killing by
CTLs, suggesting Hh signaling promotes CTL-mediated cytotoxicity. The authors proposed that Hh
signaling prearms CTLs with the ability to rapidly polarize the cytoskeleton and deliver the cytotoxic
granules within minutes when CTLs encounter targets. Thus, it is likely that Hh signaling facilitates

the release cytotoxic mediators from CTLs rather than altering the expression of cytotoxic mediators.

6. Perspective

In the past two decades, discovery of signal pathways induced by new ligand-receptor axis on T
cells has led to deeper understanding of the immune response and regulation. Wnt signaling, Notch
signaling and Hh signaling are just three representatives among those exciting findings. Although
these signal pathways were originally characterized in stem cell biology, their significance for
mature T cell function suggests that more stem cell-related signaling might be functioning in T cells
at different stages, including naive resting stage, activation stage, effector stage and memory stage.

Therapeutic strategies targeting the above three signaling systems in T cells have been proposed.
The crucial role of Wnt signaling in inducing and maintaining memory T cells, especially memory
CD8" T cells, has sparked researchers’ interest in its potential application in cancer therapy.
Inhibition of Gsk-3p, which promotes Wnt signaling, has been shown to enhance memory T cell
generation in response to a tumor antigen [35]. Wnt signaling could also be a target in rheumatoid
arthritis therapy, since CD4" T cells in rheumatoid arthritis patients have an aberrant regulation of
Whnt signaling [79]. If further investigation reveals the role of Wnt signaling in autoreactive T cells,
new therapies might be designed for autoimmune diseases including rheumatoid arthritis and
multiple sclerosis. In addition, inhibition of Wnt signaling in Treg cells might promote the
immunosuppressive activity of Treg cells, which would be beneficial for therapies against
autoimmune diseases.

The critical function of Notch signaling in T cell development makes it a potential target for
T-cell acute lymphoblastic leukemia/lymphoma (T-ALL) therapy. Activating Nothcl mutations were
identified in over 60% of T-ALLs [80]. High Nothcl signaling deregulates other signal pathways
which are important for cell growth and differentiation. Thus, application of y-secretase inhibitors,
which abrogate Notch signaling, become an emerging target therapy for T-ALL [81]. Additionally,
the role of Notch signaling in helper T cell differentiation has shed new light on autoimmune

disorder therapies. y-secretase inhibitors reduces Thl- and Th17-mediated inflammatory responses in
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a mouse model of rheumatoid arthritis [82]. Administering soluble Jagl provides a negative signal to
CD8" T cells and reduces disease symptoms in a rtheumatoid arthritis model [83]. In systemic lupus
erythematosus patients, down-regulated Notchl signaling is associated with decreased generation
and proliferation of Treg cells [84], as well as increase in IL-17-producing T cells [85]. Therefore,
augmentation of Notchl signaling in Treg cells could slows the progression of systemic lupus
erythematosus. Furthermore, y-secretase inhibitors significantly decreases Th1 and Th17 cytokines in
an experimental autoimmune encephalomyelitis model [48]. Delta-like 4 blockade alleviates the
clinical severity and shifts the immune balance from a Th1/Th17 mediated response toward a
Th2/Treg mediated response [86]. All of above studies demonstrate promising therapies which
manipulate Notch signaling in T cells to treat autoimmune disorders.

With regard to Hh signaling in T cells, the research on its translational potential is scarce. This
is partially due to the lack of hard evidence showing the importance of Hh signaling for T cell
function. It has been revealed that Hh signaling is activated in a subset of T-ALL and
T-lymphoblastic lymphoma (T-LBL) through mutations in critical proteins of the pathway [87,88].
Future investigation will be required to demonstrate the significance or insignificance of Hh
signaling in T cell-mediated diseases.

Through dissection and analysis of these ligand-receptor axes and their interplay with other
known signal pathways novel approaches can conceivably be designed for the diagnosis and

treatment of infectious, autoimmune and tumorigenic disorders
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