
T-Cell Receptor Signalosome | Encyclopedia.pub

https://encyclopedia.pub/entry/1625 1/6

T-Cell Receptor Signalosome
Subjects: Virology | Anatomy & Morphology

Contributor: Joseph Hokello , Adhikarimayum Lakhikumar Sharma , Mudit Tyagi

Human immunodeficiency virus type-1 (HIV-1) can undergo either a lytic pathway to cause productive systemic

infection or enter a latent state in which the integrated provirus remains transcriptionally silent for decades.

The ability to latently infected T-cells enables HIV-1 to establish persistent infections in resting memory CD4+ T-

lymphocytes which become reactivated following disruption or cessation of intensive drug therapy.

Maintenance of viral latency occurs through epigenetic and non-epigenetic mechanisms.

Epigenetic mechanisms of HIV latency regulation involve deacetylation and methylation of histone proteins within

Nucleosome 1 (nuc -1) at the viral long terminal repeats (LTR) such that inhibition of histone deacetyltransferase

and histone lysine methyltransferase activities, respectively, reactivates HIV from latency.

Non-epigenetic mechanisms involve nuclear restriction of critical cellular transcription factors such as Nuclear

factor-kappa Beta (NF-kB) or Nuclear factor of activated T-cells (NFAT) which activate transcription from the viral

LTR, limiting nuclear levels of viral transcription transactivator protein Tat and its cellular co-factor; positive

transcription elongation factor b (P-TEFb) which together regulate HIV transcriptional elongation.

The T-cell receptor (TCR) activation efficiently induces NF-kB, NFAT, and activator protein 1 (AP-1) transcription

factors through multiple signal pathways and how these factors efficiently regulate HIV LTR transcription through

the non-epigenetic mechanism.

Elongation factor P-TEFb induced through an extracellular signal-regulated kinase (ERK) dependent mechanism

regulates HIV transcriptional elongation before Tat is synthesized and the role of AP-1 in the modulation of HIV

transcriptional elongation through functional synergy with NF-kB.

The TCR signaling induces critical posttranslational modifications of the Cyclin-dependent kinase 9 (CDK9) subunit

of P-TEFb which enhances interactions between P-TEFb and viral Tat protein and the resultant enhancement of

HIV transcriptional elongation.

T-cell receptor signaling  HIV,  Transcription

1. Introduction

With the introduction of the highly active antiretroviral therapy (HAART), the morbidity and mortality rate among

HIV-infected individuals has reduced dramatically . HAART, by virtue of restricting human immunodeficiency virus

(HIV) levels, greatly enhances the host immune system . The continuous use of HAART reduces the viremia in

plasma beyond detection levels . Nevertheless, using sensitive methods, residual viremia may still be

detected in some individuals, validating the inability of HAART in eradicating HIV . The ability of HIV to establish

latent infections at the level of individual T-cells remains the main barrier to eradicate HIV . The latent reservoir

begins to establish quickly, within a few days of the initial infection . The most-stable reservoir of HIV resides in

[1]

[2]

[3][4][5]

[6]

[7]

[8]



T-Cell Receptor Signalosome | Encyclopedia.pub

https://encyclopedia.pub/entry/1625 2/6

the transcriptionally-silent resting memory CD4+ T-cells . In order to express its genes, HIV requires host cell

transcription machinery. Therefore, in transcriptionally-inert resting memory T-cells, HIV latency is established due

to the unavailability of transcription factors . Although the amount of latently infected cells is very limited

(approximately one in one million of resting T-cells), a highly stable pool of latently-infected cells are always

present in HIV patients, which remains a barrier for human immunodeficiency virus type-1 (HIV-1) eradication in

patients undergoing effective HAART therapy . The latent reservoir maintains its capacity to produce an

infectious virus upon the discontinuation of the antiretroviral therapy (ART) and reactivation of harboring cells by

recall antigens or various cytokines .

2. The T-Cell Receptor Signalosome

The T-cell receptor (TCR) is a multi-complex structure comprised of polymorphic protein molecules on the cell

surface that interact with the peptide-MHC complex and non-polymorphic transmembrane CD3-zeta molecules,

which transmit signals resulting from the TCR engagement and antigen recognition leading to T-cell activation 

. The immediate outcome of the TCR/CD3 ligation by the peptide-MHC complex is the rapid phosphorylation of

immunoreceptor tyrosine-based activation motifs (ITAMS) on the cytoplasmic tail of the TCR/CD3 complex by the

Src family protein tyrosine kinase called leukocyte kinase-56 (Lck56) . The phosphorylation of ITAMS leads to

the recruitment of cytosolic tyrosine kinase, zeta-associated protein-70 (ZAP-70) to the plasma membrane where it

phosphorylates multiple transmembrane adapter molecules including the T-lymphocyte-specific linker for activated

T-cells (LAT) at multiple tyrosine residues . Phosphorylated LAT recruits several multi-protein scaffold

molecules including Grb-2, phospholipase C-gamma (PLC-g), and phosphoinositide-3 kinase (PI3K (Figure 1)).

Figure 1. Schematic model for T-cell receptor signaling. Engagement of the T-cell receptor (TCR)/CD3 complex by

the peptide-MHC complex requires the stabilization of the TCR-peptide/MHC complex interaction by CD4 or CD8

molecules, resulting in the activation of the p56 leukocyte kinase (Lck) which phosphorylates the immunoreceptor
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tyrosine-based activation motifs (ITAMS) within the cytoplasmic tails of CD3-zeta (not shown), resulting in the

generation and transmission of the TCR signals. Engagement of the CD28 co-receptor (not shown) present on the

surface of T-cells by B7 ligands on antigen-presenting cells is required for full TCR activation. Following full TCR

activation, the zeta associated protein 70 (ZAP-70) and linker of activated T-cells (LAT) are activated. Activation of

ZAP-70 and LAT results in the induction of three main signal pathways, namely: the calcium–calcineurin pathway

which induces nuclear factor of activated T-cells (NFAT); the protein kinase C pathway which induces nuclear

factor-kappa beta (NF-κB) and the MAP kinase/ extracellular signal-regulated kinase (ERK) pathway which induces

activator protein 1 (AP-1) and positive transcription elongation factor b (P-TEFb). All these transcription factors

translocate into the nucleus to regulate human immunodeficiency virus (HIV) transcription.

Grb-2 interacts with guanine nucleotide exchange factor SOS to activate the Ras-mitogen-activated protein kinase

(MAPK) signal transduction pathway which leads to the induction of activator protein-1 (AP-1)  and P-TEFb

through an ERK-dependent mechanism . The hydrolysis of phosphatidylinositol 4, 5 bisphosphates (PIP-2) by

PLC-gamma generates two-second messenger molecules; inositol 1, 4, 5 triphosphate (IP3) and diacylglycerol

(DAG). The interaction of IP3 with its receptor at the cell membrane leads to intracellular Ca2+ mobilization

resulting in activation of the calcium–calcineurin signal pathway that induces NFAT transcription factors (Figure 1)

.

Through the canonical pathway of NF-κB induction, DAG activates the protein kinase C (PKC) pathway resulting in

NF-κB mobilization via the CARMA1, Bcl110, and MALT1 (CBM) protein complex present upstream of the IκB-α

kinase (IKK) complex . Phosphatidylinositide-3 kinase enhances PKC-mediated NF-κB induction by

activating Akt kinase which synergizes with the PKC activation pathway . The efficient activation of the

TCR/CD3 complex by the peptide-MHC complex ligation requires a co-stimulatory signal. Several families of co-

stimulatory proteins are present on antigen-presenting cells (APCs) that interact with their receptors within the

immunological synapse during the peptide-MHC presentation to T-lymphocytes . The TCR-mediated antigen-

specific stimulation is essential for initiating T-cell activation, signaling through the TCR has to be regulated through

co-stimulatory or co-inhibitory receptors, which are important for full TCR activation or suppression of the T-cell

responses . The most important and well-studied co-stimulatory signal required for full TCR/CD3 activation is the

B7 on APCs which, comprises CD80 and CD86 molecules. B7 interacts with CD28 molecules which are

constitutively expressed on T-lymphocytes to enhance NF-κB induction resulting from TCR activation signals 

. Other than the B7 co-stimulatory molecule, other co-stimulatory molecules that enhance the TCR signals have

also been reported. For instance, Barat and Tremblay  demonstrated that the co-stimulation of CD43 along with

the TCR activation augmented the nuclear mobilization of NF-κB and NFAT transcription factors independent of the

CD28 co-stimulation. The augmented nuclear induction of NF-κB and NFAT enhanced HIV LTR transcription. In a

different set of experiments, Tardif and Tremblay  demonstrated that CD81 also provides a co-stimulatory signal

to the TCR signals which increased HIV LTR gene expression. On the other hand, the CTLA-4 and PD-1 are

known to mediate the inhibitory functions in T-cell activation and signaling, and both are expressed only after

cellular activation where they function in the feedback inhibition of T-cell activation. The PD-1 inhibits TCR

activation by inducing the dephosphorylation of the TCR upstream signaling molecules through the transient

recruitment of the phosphatase SHP2 while CTLA-4 competes with CD28 for CD80 and CD86 binding .
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It is imperative to note that as much as independent signaling pathways usually lead to the induction of specific

transcription factors, there is significant crosstalk between the TCR signaling pathways especially upstream of the

kinases and phosphatases that activate the specific transcription factors. For instance, the LcK56, which is

required for canonical TCR signaling leading to T-cell responses, also mediates a negative feedback loop through

the phosphatase SHP2 that turns off the TCR signaling . On the other hand, the HIV-1 protein nef has been

reported to modulate the TCR activation signals to promote HIV replication and pathogenesis. For instance, Fenard

et al.  reported that HIV nef increases the expression of the TCR-induced transcription factors NF-κB and NFAT

following TCR activation. They reported that this was achieved through nef-induced priming of the TCR signaling

pathways which occurs at a proximal step before protein kinase C (PKC) activation. Similarly, Neri et al.  also

demonstrated that the modulation of TCR signaling by the HIV-1 nef results in a superinduction of NFAT

transcription factor and interleukin 2 (IL-2) production. The superinduction of NFAT was shown to favor HIV-1

replication in both quiescent and metabolically active CD4 T-cells. These observations were confirmed by Fortin et

al. . Therefore, other than the inherent TCR modulation, the HIV nef protein can also modulate the TCR

signaling pathways in order to enhance HIV transcription and pathogenesis.
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