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DESCRIPTION
Cellular immunology is a branch of immunology that focuses on 
the study of immune cells and their roles in defending the host 
against pathogens and maintaining homeostasis. Understanding 
the complex interactions and functions of immune cells is 
essential for developing therapies against infectious diseases, 
autoimmune disorders, and cancer.

Cellular immunology

T lymphocytes (T cells): T cells play a central role in cellular 
immunity by recognizing antigens presented on infected or 
abnormal cells. Helper T cells (Th cells) coordinate immune 
responses by secreting cytokines that activate other immune 
cells, such as macrophages and B cells. Cytotoxic T cells (CTLs) 
directly kill infected or cancerous cells through the release of 
cytotoxic molecules, such as perforin and granzymes. Regulatory 
T cells (Tregs) suppress excessive immune responses to prevent 
autoimmune reactions and maintain tolerance.

Natural Killer (NK) cells: NK cells are critical for innate 
immunity and play a role in early defense against virally infected 
and tumor-transformed cells. They detect cells that lack MHC 
class I molecules or display stress-induced ligands and induce 
apoptosis in these target cells.

Macrophages: Macrophages are phagocytic cells that engulf and 
digest pathogens, dead cells, and cellular debris. They also play a 
important role in presenting antigens to T cells, thereby 
initiating adaptive immune responses.

Dendritic cells: Dendritic cells are Antigen-Presenting Cells 
(APCs) that capture and process antigens from pathogens or 
tumor cells. They migrate to lymph nodes where they present 
antigens to T cells, initiating adaptive immune responses.

Antigen presentation

Dendritic cells and macrophages present antigens to T cells in 
lymphoid organs. Upon recognition of specific antigens, T cells 
become activated and differentiate into effector T cells, such as 
TH (T Helper) cells and CTLs. Activated T cells and NK cells 

exert effector functions to eliminate pathogens or abnormal cells. 
CTLs release cytotoxic granules containing perforin and 
granzymes, inducing apoptosis in target cells. Th cells secrete 
cytokines that activate macrophages and B cells, promoting 
phagocytosis and antibody production, respectively. NK cells 
release cytotoxic molecules to induce apoptosis in infected or 
transformed cells.

Immunological memory

One of the importance of cellular immunity is immunological 
memory, which provides long-term protection against recurrent 
infections:

Memory T cells: Persist after initial infection or vaccination to 
mount a rapid and robust immune response upon re-exposure to 
the same pathogen.

Memory B cells: Produce high-affinity antibodies upon re-
encountering specific antigens, facilitating rapid clearance of 
pathogens.

Role of cellular immunology

Role of cellular immunology in disease includes the

Infectious diseases: Cellular immunology plays a important role 
in combating viral, bacterial, and parasitic infections. T cells and 
NK cells are particularly important in clearing intracellular 
pathogens and preventing their spread.

Autoimmune disorders: Dysregulation of cellular immunity can 
lead to autoimmune diseases, where immune cells mistakenly 
target self-antigens. Regulatory T cells play a critical role in 
maintaining tolerance and preventing autoimmunity.

Cancer immunotherapy: Recent advances in cellular immunology 
have revolutionized cancer treatment through immunotherapy. 
Adoptive cell transfer therapy using engineered T cells (e.g., CAR-
T cells) to target cancer-specific antigens. Immune checkpoint 
inhibitors that block inhibitory pathways (e.g., PD-1/PD-L1) to 
enhance T cell-mediated antitumor responses.
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CONCLUSION
Cellular immunology encompasses the study of immune cells
and their critical roles in host defense, disease pathogenesis, and
therapeutic interventions. By unraveling the complexities of

cellular interactions and immune responses, researchers aim to 
develop novel immunotherapies and vaccines that harness the 
power of the immune system to combat infectious diseases, 
autoimmune disorders, and cancer, ultimately improving patient 
outcomes.
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