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DESCRIPTION
Natural Killer (NK) cells are critical components of the innate 
immune system, recognized for their ability to detect and 
eliminate virally infected cells and tumor cells without prior 
sensitization. Unlike T cells, that rely on antigen-specific 
receptors, NK cells use a finely tuned array of activating and 
inhibitory receptors to distinguish healthy cells from stressed or 
transformed cells. This balance of signals ensures immune 
surveillance while preventing collateral tissue damage. In recent 
years, harnessing NK cell receptor pathways has emerged as a 
promising avenue for precision immunotherapy, offering novel 
strategies for cancer, viral infections, and even autoimmune 
conditions. Understanding the mechanisms underlying NK cell 
receptor function is essential for designing therapies that 
enhance specificity, efficacy, and safety.

Mechanisms of NK cell receptor-mediated 
cytotoxicity

NK cells express a diverse repertoire of germline-encoded 
receptors, that can be broadly classified into activating and 
inhibitory receptors. Activating receptors, recognize stress-
induced ligands or viral proteins on target cells, triggering NK 
cell activation and cytotoxic responses. These responses include 
the release of perforin and granzymes, that induce apoptosis in 
the target cells, as well as the production of pro-inflammatory 
cytokines like interferon-gamma, that modulate adaptive 
immunity.

Inhibitory receptors, such as Killer Immunoglobulin-Like 
Receptors (KIRs), recognize Self-Major Histocompatibility 
Complex (MHC) class I molecules, preventing the destruction of 
healthy cells. Tumor cells often evade T cell-mediated immunity 
by downregulating MHC class I molecules, that paradoxically 
makes them more susceptible to NK cell attack through the 
“missing-self” recognition mechanism. This inherent ability of 
NK cells to discriminate between normal and transformed cells 
forms the basis for exploiting their receptors in precision 
immunotherapy.

Advancements in understanding NK cell receptor signaling have 
revealed that their activation is not merely binary but highly

dynamic, integrating multiple signals to determine the outcome
of cell-cell interactions. Co-engagement of activating receptors
amplifies cytotoxic responses, simultaneous inhibitory signaling
can override activation. This nuanced control is a key target for
therapeutic manipulation, enabling strategies that selectively
enhance NK cell activity against diseased cells while sparing
healthy tissue.

Therapeutic exploitation of NK cell receptors

Precision immunotherapy harnessing NK cells can be broadly
categorized into receptor-targeted approaches, adoptive NK cell
therapies, and combinatorial strategies. Monoclonal antibodies
targeting NK cell receptors are one of the most developed
modalities. For example, antibodies blocking inhibitory
receptors such as monalizumab release NK cells from inhibitory
signaling, enhancing their cytotoxic potential against tumors that
retain MHC class I expression. Similarly, agonistic antibodies
targeting activating receptors, such as NKp30, are being explored
to directly stimulate NK cell-mediated cytotoxicity.

Adoptive NK cell therapies involve the expansion and activation
of autologous or allogeneic NK cells, that are then infused into
patients. These NK cells can be engineered to overexpress
activating receptors or Chimeric Antigen Receptors (CARs),
allowing them to target specific tumor antigens with high
precision. Unlike CAR-T cells, CAR-NK cells have a lower risk of
inducing cytokine release syndrome and graft-versus-host disease,
making them attractive candidates for safer immunotherapy.
Moreover, NK cells can be sourced from peripheral blood,
umbilical cord blood, or induced pluripotent stem cells,
expanding the possibilities for off-the-shelf therapies.

Another innovative approach involves manipulating the ligand
environment of NK cell receptors. For instance, therapies that
upregulate stress ligands such as MICA/B or ULBPs on tumor
cells enhance recognition by NKG2D-expressing NK cells.
Conversely, blocking soluble decoy ligands that tumors release to
evade NK cells can restore NK cell activity. Combining these
strategies with checkpoint inhibitors targeting T cells can create
a synergistic effect, coordinating innate and adaptive immune
responses for maximal therapeutic impact.

Opinion Article

Correspondence to: Jade Luna, Department of Immunology, State University of Campinas, Campinas, Brazil, Email: luna@gmail.com

Received: 22-Aug-2025, Manuscript No. JCCI-25-39139; Editor assigned: 25-Aug-2025, PreQC No. JCCI-25-39139 (PQ); Reviewed: 08-Sep-2025,
QC No. JCCI-25-39139; Revised: 15-Sep-2025, Manuscript No. JCCI-25-39139 (R); Published: 22-Sep-2025, DOI: 10.35248/2155-9899.25.16.769

Citation: Luna J (2025). Exploiting NK Cell Receptors for Precision Immunotherapy. J Clin Cell Immunol. 16:769

Copyright: © 2025 Luna J. This is an open-access article distributed under the terms of the Creative Commons Attribution License, that permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Clin Cell Immunol, Vol.16 Iss.3 No:1000769 1

Journal of Clinical and Cellular
Immunology



Beyond oncology, NK receptor-based therapies have potential
applications in viral infections and autoimmune diseases. In
chronic viral infections, such as hepatitis B or cytomegalovirus,
enhancing NK cell receptor signaling can promote viral
clearance while reducing the dependence on cytotoxic T cells. In
autoimmune disorders, selectively modulating inhibitory NK
receptors could suppress pathological immune responses
without broadly immunosuppressing the patient, offering a
more tailored approach to treatment.

Challenges remain in translating these insights into widespread
clinical success. Tumor microenvironments are often
immunosuppressive, with factors such as transforming growth
factor-beta dampening NK cell receptor function. Moreover,
heterogeneity in NK cell receptor expression among patients
necessitates personalized strategies to achieve optimal outcomes.
Advances in single-cell profiling, gene editing, and high-
throughput screening are crucial for overcoming these barriers,
enabling precise tailoring of NK cell-based therapies to
individual patient profiles.

CONCLUSION
NK cells and their receptors represent a highly versatile platform 
for precision immunotherapy, bridging innate and adaptive 
immunity while offering specificity and safety. By understanding 
the molecular mechanisms governing activating and inhibitory 
receptor signaling, researchers have developed innovative 
strategies, including receptor-targeted antibodies, CAR-NK cells, 
and ligand modulation therapies, to selectively enhance NK cell 
function against tumors, viruses, and pathological immune 
responses. The ongoing integration of NK cell biology with 
cutting-edge bioengineering and genomic technologies promises 
to expand the therapeutic potential of these cells, moving 
toward personalized immunotherapies that are both highly 
effective and minimally toxic. Exploiting NK cell receptors is not 
merely a frontier in immunotherapy it is a transformative 
paradigm that may redefine clinicians harness the immune 
system to treat disease.
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