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Introduction
In the complex realm of cancer-immune interactions, the 
spotlight shines brightly on tumor antigen presentation—a 
fundamental process that underpins our immune system's 
ability to identify and target cancer cells. Tumor antigen 
presentation serves as a crucial bridge between the intricacies 
of cancer biology and the immune response, revealing the 
secrets of malignant transformation and enabling our immune 
cells to recognize and combat these aberrant cells [1].

The role of antigens in immunity
Antigens are molecular signposts that the immune system 
uses to distinguish between self and non-self. In the context 
of cancer, Tumor-Specific Antigens (TSAs) and Tumor-
Associated Antigens (TAAs) are key players. TSAs are unique 
to cancer cells, resulting from genetic mutations or other 
alterations that occur during tumorigenesis. TAAs, on the 
other hand, are antigens that are overexpressed or abnormally 
expressed in cancer cells compared to normal cells [2].

Tumor antigen presentation hinges on the Major 
Histocompatibility Complex (MHC) molecules, which act as 
cellular 'display cases' showcasing antigens to immune cells. 
There are two main classes of MHC molecules: MHC class I 
and MHC class II.

MHC Class I: Found on the surface of almost all nucleated 
cells, MHC class I molecules present antigens derived from 
the cell's own proteins, including TSAs. If a cell becomes 
cancerous, it can present these abnormal antigens on its 
MHC class I molecules, alerting Cytotoxic T Cells (CTLs) to 
eliminate the threat.

MHC Class II: MHC class II molecules are primarily 
present on antigen-presenting cells, such as dendritic cells, 
macrophages, and B cells. These cells capture antigens from 
their environment, process them, and display them on MHC 
class II molecules. This interaction helps stimulate helper T 
cells, which coordinate immune responses [3].

Antigen processing: Intracellular proteins are broken down 
into smaller peptide fragments within the cell's proteasome 
(for MHC class I presentation) or lysosome (for MHC class 
II presentation).

Peptide loading: Peptide fragments are transported into the 
endoplasmic reticulum (for MHC class I) or endosomal/
lysosomal compartments (for MHC class II), where they bind 
to MHC molecules.

MHC-antigen complex formation: MHC molecules loaded 
with peptide fragments migrate to the cell surface, displaying 
the antigenic peptides for immune cells to recognize.

Immune activation: Immune cells, such as CTLs or helper 
T cells, recognize the MHC-antigen complexes. CTLs target 
cells displaying abnormal antigens, while helper T cells 
provide signals that drive immune responses [  , 5   ].

Challenges and implications
Tumor antigen presentation is a finely orchestrated dance, 
but cancer cells can sometimes evade detection by altering or 
downregulating MHC molecules or the antigens themselves. 
Understanding these evasion strategies can inform the 
development of targeted therapies to restore antigen 
presentation and enhance immune responses against cancer.

Conclusion
Tumor antigen presentation is the linchpin connecting the 
world of cancer with the intricacies of the immune system. 
It's a testament to the body's intricate surveillance and defense 
mechanisms, enabling the immune system to decipher the 
molecular signatures of malignancy. As researchers delve 
deeper into the complexities of antigen presentation and its 
dysregulation in cancer, the stage is set for innovations that 
could potentially unleash the full force of the immune system 
against cancer, propelling us into an era where personalized 
immunotherapies are the norm.
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