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Abstract

Maintaining immune tolerance is a dynamic biological process which is provided by various types of tolerance mechanisms. In

the light of the remarkable role of co-inhibitory receptors for switching-off the immune system, the potential impact of these

receptors in controlling auto-reactivity is needed to be interrogated. Recent investigations suggested that the dysregulation

of co-inhibitory receptors in chronic immune responses including cancer and chronic infections can result in immunological

consequences called exhaustion. Exhaustion confer a potent “switch-off” mechanism for immune response. Using both co-

inhibitory receptors and transcription factors in controlling T cells behavior, this review provide an overview of the potential

effects of co-inhibitory receptors in maintaining tolerance and discuss how impaired co-inhibitory receptors might results in

autoimmunity.

Key messages

• Early expression of co-inhibitory receptors on activated T cell, indicated the unique role of co-inhibitory
receptors in controlling of T cells

• T cells exhaustion is a successful mechanism in controlling immune response in the case of cancers and
chronic viral infections generally because of the highly expressed co-inhibitory receptors

• There is a significant correlations between co-inhibitory receptors and transcription factors
• Dysregulation or down-regulation of co-inhibitory receptors can foster autoimmunity
• Profiling and monitoring of the major T cell transcription factors along with surface expressed co-

inhibitory receptors in chronic inflammatory condition can result in better prognoses and treatment
protocols

• In order to make a reasonable prediction of the immune system’s behavior during chronic inflammation
such as autoimmunity, co-inhibitory receptors as well as the transcription factor’s profile represent good
candidates.

Introduction

T cells activation is a multistep process involving an interaction of T cell receptor (TCR)-complex with
MHC-peptide and expression of co-stimulatory receptors along with cytokine milieu that is also necessary for
directing T cell’s fate [1].[1] The interaction of co-stimulatory receptors, CD28 superfamily, on T cells with B7
family ligands (B7.1/CD80, B7.2/CD86) on the surface of antigen presenting cells (APCs) serve a critical step
in T cells activation[2]. Engagement of CD28 with B7 family ligands results in regulation of several important
cellular signaling pathways which are important for cell survival by producing anti-apoptotic proteins such as
Bcl-xL[3]. In contrast to CD28 and ICOS (inducible co-stimulator/ CD278), the other members of this family
including CTLA-4 (cytotoxic T lymphocyte antigen 4/CD152), PD-1 (programmed death-1/CD279), B-and
T-lymphocyte attenuator (BTLA/CD272), LAG-3 (lymphocyte-activation gene-3/CD223), Tim-3 (T cell
immunoglobulin and mucin 3/ or hepatitis A virus cellular receptor 2 or HAVCR2 ), VISTA (a programmed
death-1 homologue (PD-1H, also called V-domain Ig suppressor of T cell activation ) and 2B4 (CD244) are
involved in down-regulation of the immune response [4]. Alongside co-stimulatory receptors, activation leads
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a significant up-regulation of co-inhibitory receptors on the surface of activated T cells that occur following
antigen encounter [5]. Co-inhibitory receptors serve as breaks or “immune checkpoints” that are mainly
used to rein T cells. Although, the role of co-inhibitory receptors as a major players for T cell exhaustion
is comprehensively investigated in cancers [6] and chronic viral infections [7], but their exquisite role during
autoimmunity are not explored well. Based on the recently published articles in chronic viral infection, cancer
and autoimmune disease, this review highlights the unique role of co-inhibitory receptors mainly CTLA-4
and PD-1 and transcription factors such as AP-1 and NFAT in regulating of immune response as well as
explores the role of transcription factors in directing T cells fate during a chronic immune response.

Co-inhibitory receptors as important players in T cell exhaustion

In response to chronic viral infections such as HIV, HCV and cancers, our immune system undergoes many
dramatic changes both morphologically and genetically in which a hypo-responsiveness state occurs that
is called exhaustion. Characteristically exhausted T cells fail to produce IFN-γ and TNF-α and IL-2 in
response to common T cell stimulators and consequently lost their proliferation capacity [8]. Although the
molecular mechanisms that control T cell exhaustion are not completely discovered, but several complex
interplay between genetic and environmental factors, including chronic exposure to antigen, decreasing of
CD4+T cells, expression of multiple inhibitory receptors, presence of unique inhibitory cytokines such as
IL-10 and TGF-β [9, 10], type I interferon signaling [11], myeloid derived suppressor cells (MDSC) [12],
transcription factors [13] and quality of T cell receptor engagement [14] have been designated to this process.
Note that there are other requirements such as the nature of antigens, for example clone 13 vs Armstrong
of lymphocytic choriomeningitis virus (LCMV) [15], different genetic factors [16, 17], epigenetic [18] and the
metabolic mood of T cells [19] that must be regarded as effective players in this event.

High level and sustained expression of multiple co-inhibitory receptors such as CTLA-4, PD-1, LAG-3, CD160
and TIM3 are considered as hallmarks of T cell exhaustion [10]. Thus, T cells exhaustion during chronic
viral infections and cancer seems to be a potent switch-off mechanism that reflects the amenable capability
of the immune system. Consequently, both cancer and chronic viral infections use co-inhibitory receptors as
an evolutionary escape mechanism to control the immune response [9]. Indeed, for instance, the emerging of
immune-check point antibodies emphasize the unique role of co-inhibitory receptors as important players in
regulating immune response.

The unique role of the co-inhibitory receptors in sustaining tolerance

Owing to the randomly generated T-cell receptors, it is well accepted that all individuals have degrees of
self-recognition [20] (BOX 1). Since central tolerance appears to be not enough to delete all self-reactive T
cells, peripheral tolerance mechanisms such as anergy and regulatory T cells are necessary to maintain self-
tolerance [21].

A complex interplay between gens and environmental factors are involved in autoimmunity.

The contribution of certain types of human leukocyte antigen (HLA) and non-HLA as a genetic risk factors
with different autoimmune diseases have been established. Of note, the expression of HLA-DRB1 alleles
are strongly associated with multiple sclerosis (MS) [22] and rheumatoid arthritis, and strong association of
HLA-DQB1 with type 1 diabetes (T1D), HLA-DQ2/DQ8 in celiac disease and HLA-B27 with ankylosing
spondylitis (AS) have been documented [23]. However in addition to genetic predisposition, the environ-
mental factors such as infectious agents, particularly viral infections, are thought to play important role
in instructing auto-reactivity. Infections can provoke self-reactivity by several mechanisms such as molec-
ular mimicry, epitope spreading, and bystander activation and so on. Among the environmental factors,
infections are of particular interest to autoimmunity owing to their ability to provide pathogen associated
molecular patterns (PAMPs) for induction of co-stimulatory receptors [24]. Thus, if tolerance mechanisms
fail to regulate such developing pathogenic self-reactive lymphocytes, then the autoimmune disease would
be expected [25]. Given the plenty of evidence that has now accumulated to demonstrate that antibodies
against co-inhibitory receptors prompt a range of immune-related adverse events (IRAE), strongly suggests
that co-inhibitory receptors does indeed play a role in maintaining self-tolerance [26]. Significant differences
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in expression and composition of co-inhibitory receptors such as CTLA-4, PD-1, and TIM-3 and TIGIT on
the surface of various types of T cells could have profound effects on the outcome of autoimmune disease [27,
28]. Indeed, the pattern of co-inhibitory receptors expressed by anergic T cells showed significant overlap
with regulatory and exhausted T cells [29]. This indicates that these receptors are of particular importance
to block auto-reactivity. Therefore, expression of co-inhibitory receptors on T cells are pivotal for restricting
harmful clones of T cells which might be developed under different conditions particularly after exposure to
infectious agents [24, 30]. This is why the expression of co-inhibitory receptors are often followed by cellular
activation [31].

BOX 1 Immune-regulation is necessary for tolerance

Failure in discriminating self from non-self can favors an inflammatory response against self-antigens that
can results in autoimmunity [32]. Although self-reactivity is necessary for the generation of regulatory T cells
[33]. It is evident that, self- tolerance mainly results from a composite of central and peripheral mechanisms.
Having established that central tolerance by clonal deletion and peripheral tolerance by anergy, ignorance and
regulatory cells are fundamental to maintain self- tolerance [32], there is another important factor, immune-
regulation, which is key to ensuring that everything runs well [34]. Because of the randomly generated nature
of T cell receptors, the net result of the thymus selection might not be expected to be an effective process.
Consequently, some of the potentially auto-reactive clones can escape from thymus selection. So, the presence
of auto-reactive T lymphocytes in various degrees would be expected [35]. In addition, repeated encounters
with different pathogens can foster bystander activation of T cells, which can promote auto-reactivity [36,
37]. Besides that, although anergic T cells are not supposed to normally attack self-antigens, depending on
the presence of pathogen associated molecular pattern (PAMP) and damage associated molecular pattern
(DAMP), they could be reinvigorated against self [38, 39]. The other potential reason for increasing auto-
reactive T cells throughout the entire lifetime is cell plasticity especially among the CD4 T cells subtypes
[40, 41]. Thus, it could be argued that we can expect more auto-reactive T cells during the entire lifetime
(Figure 3) It is not surprising, therefore, that the co-inhibitory receptors (immune checkpoints) introduced
as an important regulatory mechanism for maintaining self-tolerance [42].

CTLA-4

The Cytotoxic T lymphocyte antigen-4 (CTLA-4/CD152) co-inhibitory receptor is present on many cells
types including regulatory, anergic, and newly activated T cells which can represses the T cells proliferation
and production of IL-2 and IFN-g [43]. To emphasize the role of CTLA-4 as a unique negative regulator of
activated T cells, it should be noted that both CD28 and CTLA-4 mutually can bind to the same ligands
B7.1 (CD80) and B7.2 (CD86), while the affinity of CTLA-4 to B7.1 and B7.2 is higher than CD28. This
competitive based binding to B7 ligands emphasizes the importance of checking effect of CTLA-4 on CD28
signaling pathway. Continuous expression of CTLA-4 on regulatory T cells (Tregs) and its interaction with
dendritic cells (DCs) serve as “off switches” for T cell activation. In addition, CTLA-4 might be involved in
T cell receptor (TCR) signaling termination by mechanisms such as recruitment of Src homology 2 (SH2)
domain-containing phosphatase-1/2 (SHP-1/SHP-2) protein tyrosine phosphatases and protein phosphatase
2A (PP2A) to the TCR complex. CTLA-4 can also augment the expression of casitas-B-lineage lymphoma
(Cbl)-b protein, an E3 ubiquitin ligase, to oppose the activation of T cells [44]. Interestingly, CTLA-
4 is also capable to diminish the contact time between DC and T cells. On the other hand, CTLA-4
has a role in regulating the immunological synapse. Furthermore, the interaction of CTLA-4 with B7
ligands induce a “reverse” signaling through the induction of indoleamine 2,3-dioxygenase (IDO), which can
degrades tryptophan, to inhibit T-cell proliferation [45, 46]. It has been reported that mice with CTLA-4
deficiency fail to control infiltrated auto-reactive T cells and die soon because of the complications in heart
and pancreas [47]. This study provide a relative evidence to support the tissue specific role for CTLA-4 on
controlling auto-reactive pathogenic T cells [48]. Moreover, mice with CTLA-4 deficiency developed multi-
organ autoimmunity that can results in lethal inflammatory condition such as diabetes and experimental
autoimmune encephalomyelitis (EAE/ animal model of multiple sclerosis) [49]. For instance, alternative
spliced form of CTLA-4 leads to type 1 diabetes (T1D) in non-obese diabetes (NOD) mice that is attributed
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to deficient MYPPPY motif of CTLA-4 [50]. In humans, germ line haploinsufficiency in CTLA-4 is related
to increase in auto-reactive T and B cells and cause dysregulation of Tregs [51] suggesting that CTLA-4
has critical functions in regulating auto-reactivity. Persistent expression of CTLA-4 on Tregs, represent the
valuable role of CTLA-4 in the maintaining tolerance [52]. The expression pattern of CTLA-4 on CD4+
and CD8+ T cells are not quite similar and it is higher in CD4+T cells [53]. And finally, because of the
importance of the PI3K/Akt signaling pathway in cell survival and proliferation [54], the ability to regulate
PI3K/Akt is of strategic importance of CTLA-4 in controlling T cells proliferation [55-57].

PD-1

The other widely distributed inhibitory receptor on the surface of immune cells is PD-1(programmed cell
death -1/CD279) [58]. PD-1 expression on näıve T cells is low but it is often up-regulated on activated T
cells and constitutively express on Treg cells to maintain their survival and suppressive capacity. Given that
the PD-1 is widely distributed on both adaptive and innate immune cells such as DCs, B and T cell and
activated monocytes [59], its deficiency would has detrimental consequences; this is why many patients with
different types of cancers that treated with mAbs against PD-1 such as nivolumab and pembrolizumab are
often experienced IRAE [60]. It has been demonstrated that the development of induced Tregs (iTregs) is
significantly diminished in PD-1 deficient mice [61] and this could results in autoimmune disease such as
T1D, systemic lupus erythematosus (SLE) and induce EAE in mice [62-64]. Although there is no doubt
that PD-1 is potent regulator of immune response, but the underling molecular mechanisms of action of
PD-1 is not completely revealed (Figure 1). With two unique motifs i.e., immunoreceptor tyrosine-based
inhibitory motif (ITIM) and immunoreceptor tyrosine-based switch motif (ITSM) in its cytoplasmic domain
[65], it seems that PD-1 plays a respected role in controlling TCR by recruiting phosphatases to tyrosine-
based inhibitory motifs [66]. The important issue that might makes PD-1 as a key modulator of immune
response is its interaction with two ligands, including PD-L1 (B7-H1/CD274), PD-L2 (B7-DC/CD273),
which are implicated in controlling of T cell responses with a different mechanisms [27, 58, 67, 68]. Of
striking significance is the ability of PD-1 to induce different signalosom though the utilizing of different
loops with the distinct binding kinetics and thermodynamic features to PD-L1 and PD-L2 [69]. Similar to
CTLA-4, PD-1 can reduce TCR signaling by recruitments of SHP-2 and inhibit phosphorylation of ZAP70
and PKC-θ and PI3K and Akt signaling pathways [70]. In addition to attenuate TCR signaling, PD-1 is
also exert its inhibitory function by regulating various transcription factors including T-bet, GATA-3 and
Eomes and STAT3, NF-κΒ, AP-1, and NFATc1 that can antagonize signal transduction events in immune
cells [71-73]. From the metabolic points of view, unlike CTLA-4, ligation of PD-1 to its ligands stimulate
fatty-acid oxidation and lipid catabolism to limits T-cell activity toward inactive states like exhaustion and
memory cells [74]. In addition to CTLA-4 and PD-1, several recent studies supporting the respected role of
other members of co-inhibitory receptors such as TIM-3, LAG-3 in maintaining tolerance [75].

TIM-3

TIM-3 expressed on the surface of many cell types, particularly on activated CD4+ T cells. TIM-3 is
relatively promiscuous molecule that can bind to various ligands such as Galectin-9, high-mobility group
box-1 (HMBG-1), phosphatidyl serine (PS) and carcinoembryonic antigen-related cell adhesion molecule-
1(CEACAM-1) [76, 77]. The function of TIM-3 depends on its intact cytoplasmic domain. HLA-B associated
transcript 3 (Bat-3) plays as a regulatory element for TIM-3 signaling (Figure 1). By following the interaction
of TIM-3 with its ligands, Fyn recruited to the cytoplasmic domain of TIM-3 and subsequently Bat-3 can be
released which induce T cell energy [78]. Nonetheless, with releasing Bat-3, Lck recruited to the cytoplasmic
domain of TIM-3 then TIM-3 tends to be a rather active receptor owing to the absence of its ligands [77].
In particular, regulatory cytokines such as IFN-β and IL-27 stimulate the expression of TIM-3 [79, 80]. A
specific role for TIM-3 in modulating subtypes of T cells has been demonstrated. It seems that TIM-3
has a considerable effect on CD4+T cells, but not Th17 cell, and prevent IFN-g production in EAE mice
[81]. Suggesting that some of these co-inhibitory receptors, such as TIM-3, might act as a relatively unique
regulator of T cells.

LAG-3
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LAG-3, another co-inhibitory family member, is widely expressed by many different cell types and its signals
can also suppress T-cell response. Similar to TIM-3, LAG-3 has several ligands, which are of particular
interest because these ligands such as MHC II, and both Galectin-3 and LSECtin are involved in the regu-
lation of CD4+T cells and CD8+T cells, respectively [82, 83]. This type of competitive and selective mode
of action may play a critical role in eliminating auto-reactive CD4+ T cells by its antagonistic effects in
controlling TCR. LAG-3 has a highly conserved KIEELE motif in its cytoplasmic domain which is thought
to be essential for the suppression of auto-reactive T-cells [84], as its deletion results in a uncontrolled ex-
pansion of T cells in periphery [85]. Recently it has been found that a LAG-3–specific humanized agonist
Ab, IMP761, can prevent T cell proliferation through abolition of TCR signaling and NFAT [86]. However,
LAG-3 does not appear to play an instructive role during steady state condition, rather, it is appears to
have a suppressive effects on T cells proliferation [87].

VISTA, BTLA and TIGIT

Another co-inhibitory receptor which can suppress immune responses of activated T-cells is VISTA. The
known ligand for VISTA is P-selectin glycoprotein ligand-1 (PSGL-1) and it found that VISTA selectively
inhibit T cell functions in a PH dependent manner [88, 89]. The regulatory function of VISTA have been
reported in several autoimmune mice model such as SLE [90] and in T cell mediated autoimmune disease
including EAE or modulation of alloreactive T cells in graft versus host disease (GvHD) [91] (Table 1).
Another effective co-inhibitory receptor similar to CTLA-4 and PD-1 that has a several ligands is BTLA
which is expressed on many cell types [92]. BTLA exhibit an inhibitory properties when interaction with
the herpes virus entry mediator (HVEM), a TNF receptor superfamily member 14 (TNFRSF14) is provided.
Nevertheless, engagement with CD160 appears to function in a cell-specific manner which might be either
activating receptor, on NK cells, or inhibitory receptor on T cells. Whereas interaction of BTLA with
LIGHT (TNFSF14, CD258) and lymphotoxin-α (LTβR), the other ligands, appear to enhance inflammatory
responses [93]. Similar to PD-1, BTLA has both inhibition motifs ITIM and ITSM in its cytoplasmic domain
which are necessary for recruitment SHP-1 and SHP-2 [94]. Akin to PD-1 and BTLA, T cell Ig and ITIM
domain (TIGIT) is widely expressed by many cell types. NK cells, peripheral memory and regulatory T cells
as well as activated CD4+T cells express TIGIT. And CD155 (poliovirus receptor) is a well-known ligand
for it [95]. Remarkably, the presence of an Ig-like V-type domain and an ITIM in its cytoplasmic domain,
TIGIT can trigger a negative signaling events to regulate immune response. Indeed, experiments using
agonistic anti-TIGIT mAb have shown promising effects in controlling T-cell-mediated immune responses
in EAE mice. Engagement of TIGIT with CD155 leads to down regulation of well-known inflammatory
cytokine, IFN-g, and T-bet, GATA-3, retinoic acid-related orphan receptor-c (RORc) and IFN regulatory
factor-4 (IRF-4) transcription factors [96]. Together, in part, these data indicates that a complex multi-
layered interaction of co-inhibitory receptors and their ligands with various transcription factors are in play
to regulate self-reactivity. And accumulating data indicate that self-reactive T cells that are present in the
periphery of autoimmune patients usually pose a threat, in part, due to the lack of co-inhibitory receptors
or dysregulated expression pattern of these molecules [75].

Transcription factors and co-inhibitory receptors are important determining factors in T cells
behavior

Many of investigations showed that the transcription factors are important regulators of T cells behavior [122].
Indeed transcription factors such as activator protein-1 (AP-1) and NFkB have central role in various aspects
of cell biology including T cell survival, activation, differentiation, memory and exhaustion or T cell lineages
differentiation [123, 124]. So analyzing and profiling of the pattern of transcription factors and determining
their relationship to the co-inhibitory receptors can provide highly reliable interpretations in the context of
chronic immune response (Figure 2). Activation of T cell leads to signal transductions via different pathways.
TCR engagement derive the activation of the enzyme phospholipase C (PLCg1) which can produce IP3 and
DAG (diacylglycerol) from the membrane lipid called PIP2 (phosphatidylinositol 4, 5 bisphosphate). DAG
can then promote protein kinase C (PKC) activation. As a results of IP3 activity, calcium can be released
from endoplasmic reticulum (ER) and bind to calmodulin and then NFAT can be localized in to nucleus
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because of the dephosphorylating activity of calcineurin. This pathway warranted the production of IL-2 and
even transcription factor NFκB. Another important signaling pathway that are needed for IL-2 production
is Ras/ Mitogen Activated Protein Kinases (MAPK) pathway. The recruitment of the GRB2/SOS complex
to the plasma membrane by phosphorylated LAT and ZAP-70, the Ras-GTP/Raf/MAPK/MEK/ERK1 and
Elk1 kinases pathway will be initiated that result in c-Fos/AP-1 production [125]. In addition to TCR
signaling, CD28 also capable to induce AP-1expression via PI3 kinase pathway [126]. Both Ap-1 and NFAT
act synergistically to induce robust and effective immune responses. But, as immune response proceeds, the
function and utility of these transcription factors will be changed. And altered expression of AP-1 and NFkB
is considered as hallmark characteristics of tolerant T cells [127, 128].

Although the expression of multiple inhibitory receptors on the surface of T cells could result in exhaustion
phenotype [27], some other activated, regulatory, anergic and memory T cells can also express shared co-
inhibitory receptors [129], thereby making it difficult to select them as an exclusive marker to exhaustion.
For example, in addition to newly activated T cells, PD-1 is also up-regulated on follicular helper T cells
(TFH)[130] and regulatory T cells [131]. Similarly, not only CTLA-4 can express on the surface of the
newly activated T cells, but it could be detectable on Tregs and anergic T cells as well [132, 133] (Figure
2). Therefore, in order to reconcile the behavior of immune system especially during chronic inflammatory
conditions, real-time analyzing of both co-inhibitory receptors and their transcriptome is indispensable.
Of note, the expression of CTLA-4 is up-regulated by nuclear factor of activated T-cells (NFAT) which
is expressed following T cell activation [14]. Foxp-3, another important transcription factor which is major
transcription factor of Tregs and as well expressed on newly activated T cells, can also increases the expression
of CTLA-4 [134, 135]. Reduced expression of AP-1 impairs T cell functionality. As in the absence of AP-1,
NFAT mediate T cell exhaustion and anergy [14, 72]. Short-lived expression of AP-1 might be a clever
adaptation that is designed to reduce T cells proliferation either by immune system itself or some viruses
during chronic inflammatory situation. However, the regulatory effects of NFAT in directing T cells fate
does not end there. Recent studies have revealed an essential role for the down-stream transcription factors
of NFAT in T cells unresponsiveness.

The importance of NFATc1 for the development of unresponsiveness states can be stressed by its direct effect
on TIM-3 expression [14]. While TCF-1 decreases the expression of TIM-3 [136].

And, co-expression of high-mobility group (HMG)-box transcription factors TOX, TOX2 and NR4A facilitate
PD-1 and TIM-3 mediated inactivation of tumor infiltration T cells (TILs), leading to exhaustion [137]. These
findings suggested that different combinations of transcription factors support the different types of immune
response and T cells behavior.

During a chronic inflammatory response, regulated cooperation of IRF4, BATF and NFATc1 strongly derive
T cells toward exhaustion, while high amount expression of IRF4 restrict the establishment of memory cell
phenotype. Increased expression of IRF4 resulted in amplified expression of PD-1, TIM-3, LAG-3, TIGIT
and CTLA-4 which are important for maintaining T cell unresponsiveness. Consequently, these cooperative
activity of NFATc1, IRF4 and BATF repress TCF-1 that is necessary for memory and T cell functionality
[13, 14].

It has been shown that several transcriptional factors, including c-Fos/AP-1, NFATc1, FOXO1, STAT3, and
IRF4 increase PD-1 expression while BLIMP-1 and T-bet limit PD-1 expression [138]. It will be of interest
to elaborate the exquisite role of transcription factors network mainly NFAT in controlling activation vs
hyporesponsivness state of the immune system to have a successful immunotherapeutic approaches [139].

In this regard, it is of particular interest to note that both newly activated T and anergic T cells express
early growth response gene-2 (Egr-2) and T-bet. Egr-1/2-deficient mice display marked reduction in LAG-3
and 4-1BB on CD8 TILs [140]. And Egr2/3 deficient T cells showed enhanced expression of inflammatory
transcription factors such as Id3, Tcf1 and RORγt which can lead to loss of self-tolerance. The outcome may
well depend upon the different condition [141]. The role of Egr2/3 are complex and not always advantageous,
such as exhausted CD8+T cells in tumor microenvironment.
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Even the pattern of co-inhibitory receptors and transcription factors expression between exhausted CD4+
and CD8+T cells is different, for example; during chronic viral infection, expression of Helios and ID2 became
dominant in the case of CD4+ exhausted T cells [142, 143]. Recent studies have revealed that the expression
of Helios and Egr-2 are not restricted to CD4+T cells, as they are expressed by exhausted CD8+T cells too
[140, 144]. A study of Irf4-deficient CD4+T cells in an experimental model of cardiac allograft has indicated
that in the absence of IRF4, a profound increase in the expression of PD-1 and Helios occur and resulted
in defective Th1 and Th17 development [145]. This diversity even goes beyond, as recent report have been
classified the exhausted T cells to a diverse subset based on disease-specific features and their functionality
[18]. According to these results, assessing and estimating the behavior of the T cells in different situations
could reveal a clear vision in predicting of highly dynamic nature of the immune response.

Concluding Remarks

It seems that exhaustion is an important mechanism for the suppression of an effective immune response
in the case of cancer and chronic viral infections, which appears to be achieved, in part, via the expression
of co-inhibitory receptors. Accordingly, with regard the importance of co-inhibitory receptors as a potent
immune regulators, dysregulation and genetic deletion of these receptors could result in aberrant activation of
T cells [146, 147]. Decoding the role of co-inhibitory receptors can provide fundamental support in designing
successful treatment approaches for the management of autoimmune diseases [148]. The importance of co-
inhibitory receptors in multiple autoimmune diseases such as multiple sclerosis (MS) [149] inflammatory
bowel disease (IBD) and systemic lupus erythematous (SLE) is demonstrated [148] ( table 1). Moreover,
in the autoimmune disease with a bad prognosis the expression of co-inhibitory receptors are significantly
down-regulated [150, 151]. Suggesting that evaluation of these receptors and their expression pattern during
an autoimmune disease could have a potential prognostic values and subsequently could predict clinical
outcomes of the autoimmune disease [148].
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Figure legends

Table 1. Mechanisms of action of well-known co-inhibitory receptors and related autoimmune disease

Abbreviations: CTLA-4 : Cytotoxic T-Lymphocyte Antigen 4;PD-1 : Programmed cell death protein 1;
PD-L1 : Programmed cell death 1 ligand 1; TIM-3 : T cell Immunoglobulin Mucin-3; LAG-3 : Lymphocyte-
Activation Gene 3; ῝Δ3ζ : cluster of differentiation 3 zeta-chain; ZAP-70 : Zeta-chain-associated protein
kinase 70; PP2A : Protein phosphatase 2; BTLA : B- and T-lymphocyte Attenuator;Bat3 - Human
Leukocyte Antigen B (HLA-B)-associated Transcript 3; HVEM : Herpes Virus Entry Mediator; SHP-
1/2 /: Src homology 2-containing tyrosine phosphatase 1/2/; ITIM - Immunoreceptor Tyrosine-based
Inhibition Motif; ITSM : Immunoreceptor Tyrosine-based Switch Motif; Lck : Lymphocyte-specific protein
tyrosine kinase; MHC II : Major Histocompatibility Complex II; TIGIT : T-cell immunoreceptor with
immunoglobulin and ITIM domains; PVR : Poliovirus receptor;VISTA : V-domain Ig suppressor of T cell
activation;LIGHT : Lymphotoxin-like, exhibits inducible expression, and competes with herpes simplex
virus glycoprotein D for HVEM;PI3K : Phosphoinositide 3-kinase; SLE : Systemic Lupus erythematous;
RA : Rheumatoid Arthritis; MS : Multiple Sclerosis; T1D: type I diabetes.

Fig 1. Mechanisms of co-inhibitory receptors dominance at the molecular level. Several known
and un-known mechanisms including controlling of transcription factors, recruitment of phosphatases, having
inhibitory motifs in cytoplasmic domain, and interaction with different avidity to their ligands and so on,
are considered as molecular mechanisms regarding the co-inhibitory receptors mode of actions.

Fig 2. T cells differentiation and phenotypes in chronic immune response based on co-
inhibitory receptors and transcription factor’s profile.Following the activation of T cells, they could
undergo divers differentiation steps under the controle of different profile of transcription factors and conse-
quently show different patterns of phenotyps.

Fig 3. The probability of auto-reactivity and self-tolerance during lifetime. Several factors are
involved in increasing of auto-reactivity such as infection, molecular mimicry and bystander activation, genes
and immune dysregulation (BOX 1).
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