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Introduction
T-cells are a crucial component of the adaptive immune system, 
playing a central role in recognizing and eliminating pathogens. 
Understanding the mechanisms and pathways of T-cell activation 
is essential for advancing immunotherapy, vaccine development, 
and the treatment of autoimmune diseases [1].

T-cell activation is initiated when a naïve T-cell encounters an 
antigen-presenting cell (APC) that presents a specific antigen 
via the major histocompatibility complex (MHC). This 
process requires three key signals. The T-cell receptor (TCR) 
binds to the peptide-MHC complex on the APC. CD4+ T-cells 
recognize antigens presented by MHC class II, while CD8+ 
T-cells recognize antigens associated with MHC class I [2].

Cytokines secreted by APCs and surrounding immune cells 
determine the differentiation and function of T-cells. Key 
cytokines include interleukin-2 (IL-2), interferon-gamma 
(IFN-γ), and transforming growth factor-beta (TGF-β) [3].

Once the TCR engages with the antigen-MHC complex, 
several intracellular signaling cascades are activated: Lck 
kinase phosphorylates the immunoreceptor tyrosine-based 
activation motifs (ITAMs) in the CD3 complex. ZAP-70 (zeta-
chain-associated protein kinase 70) is recruited and activated, 
initiating downstream signaling. Activation of the Ras/MAPK 
pathway leads to gene transcription for T-cell proliferation 
and differentiation [4].

TCR stimulation induces calcium influx, activating 
calcineurin. Calcineurin dephosphorylates nuclear factor of 
activated T-cells (NFAT), leading to IL-2 gene expression. 
Phosphoinositide 3-kinase (PI3K) activation leads to Akt 
phosphorylation, promoting cell survival and metabolism [4].

The mechanistic target of rapamycin (mTOR) controls T-cell 
proliferation and differentiation. The recruitment of protein 
kinase C (PKC-θ) activates IκB kinase (IKK), leading to NF-
κB nuclear translocation [5].

NF-κB regulates genes associated with T-cell survival and 
immune response. Following activation, T-cells differentiate 
into various subsets based on cytokine signals: Differentiate 
into Th1, Th2, Th17, or Treg cells, each with distinct cytokine 
profiles and immune functions.  Kill infected or malignant 
cells by releasing perforin and granzymes [6].

Provide long-term immunity by quickly responding to 
previously encountered antigens. Understanding T-cell 
activation has significant implications in medicine [7].

Checkpoint inhibitors, such as PD-1 and CTLA-4 blockers, 
enhance T-cell activation against cancer. Dysregulated T-cell 
activation contributes to diseases like rheumatoid arthritis and 
multiple sclerosis [8].

The binding of costimulatory molecules, such as CD28 on 
T-cells with B7-1 (CD80) or B7-2 (CD86) on APCs, enhances 
activation and prevents anergy. Effective vaccines rely on 
robust T-cell responses to generate lasting immunity [9].

T-cell activation is a complex process that involves antigen 
recognition, costimulatory signaling, and intracellular 
signaling cascades leading to immune responses [10].

Conclusion
T-cell activation is a highly regulated process that determines 
immune responses against pathogens and tumors. The intricate 
signaling pathways and differentiation mechanisms involved 
provide valuable insights into developing targeted therapies 
for cancer, autoimmune disorders, and infectious diseases.
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