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Abstract

Immunological oncology has transformed cancer therapy, thereby increasing patients' chances of survival
and quality of life. Natural killer (NK) cells, specifically, have come to prominence as powerful engines of
the inherent immune system response, making them a prospective immunotherapy tool. One of the most
crucial NK cell receptors namely NK-group 2, member D (NKG2D) has a pivotal role in both innate and
adaptive immunity for establishing the degree of activation of NK cells. It serves as a pertinent activating
receptor in the immunological identification and extermination of aberrant cells by natural killer cells and
T lymphocytes, recognising a wide variety of ligands to offer comprehensive target specificity. This review
aimed to emphasise a better understanding of the NKG2D receptor's structure, its signalling mechanism,
and its potential and prospective implementation in a variety of medical contexts. A search for published
material was carried out using some combinations of the terms "cancer”, "immunotherapy"”, "natural killer"
and “NKG2D” on PubMed, ScienceDirect, Scopus, and Google Scholar. All citations from the selected papers
were examined. In light of the numerous studies conducted, it is deduced that NKG2D-mediated cancer
chemotherapy offers an excellent prospect for usage as a type of chemotherapy soon; nevertheless,
additional clinical trials are required before it can be employed in clinical settings. It is crucial to identify
and comprehend the functions of several transcription factors that control the expression of NKG2D on the
cell membrane by binding to its ligands. Furthermore, approaches centered on augmenting NKG2D
expression in immune cells and elevating NKG2DL expression in cancer cells may efficiently trigger the
antitumour immune response.
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Introduction

Cancer is the largest cause of mortality in the globe, accounting for over 10 million fatalities in 2020, or
approximately one in every six casualties [1l. Smoking cigarettes, elevated body mass index, consumption
of alcoholic beverages, inadequate intake of fruits and vegetables, and insufficient levels of regular physical
activity account for almost one-third of all cancer-related fatalities. Several types of cancer are capable of
getting cured if diagnosed at an early stage and addressed appropriately [2l. The most prevalent cancers in
2020 were breast, lung, colorectal and rectum, prostate, skin (non-melanoma), and gastric carcinoma. In
2020, the six most prevalent kinds of fatalities from cancer were pulmonary, colorectal, hepatocellular,
gastric carcinoma, and breast cancer [3].

Immunotherapy has gained much attention and is becoming popular in developed countries. The most used
immune cells for immunotherapy are T cells and natural killer (NK) cells. Current evidence suggests that
immune responses independent of cytotoxic T cells, such as natural killer (NK) cells, play a crucial role in
the efficacy of immunotherapeutic interventions. NK cells hold a distinct role in potentiating the innate
immune response and activating the adaptive immune system [4-¢l. Whether an NK cell remains silent or
executes its killing capacity on malignant cells depends on the dynamic balance of stimulation events of
two main structural classes of NK cell surface receptors, the Kkiller cell immunoglobulin-like receptors
(KIRs) and receptors of the C-type lectin-like family, which inhibit or activate signalling cascades. Natural
killer group 2D (NKG2D) is one of the most critical activating receptors which play a pivotal role in NK cell
tumour immunosurveillance and immune-mediated rejection of cancerous cells [78l. NKG2D receptor is one
of the most widely studied immunoreceptors due to its significant relationship in activating immune
responses against infected and cancerous cells. In this present review, we highlighted the molecular
structure and signalling mechanisms of NK cell cytotoxicity via NKG2D receptor-mediated pathway as well
as the potential of NKG2D to be used as a target for cancer chemotherapy. The selection of articles to be
included in this review is illustrated in Figure 1.
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Figure 1: Flow diagram of the article selection process.
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NK cells and their receptors

Multiple rounds of investigations on cancer sufferers' cytotoxicity led to the discovery of NK cells in the
early seventies. Depending on their physical characteristics, NK cells are killer cytotoxic lymphocytes that
exhibit clusters of differentiation-56 (CD56) and CD16 cell-surface protein components, and they could
eradicate cancerous and virus-infected cells without previous exposure. Considering the expression levels
of surface marker proteins CD56 and CD16, two NK cell types have been established: CD56dim/CD16bright
(high expression of CD16 and robust cytotoxic characteristics) and CD56bright/CD16dim (low expression
of CD16 and strong immunoregulatory features). NK cells form roughly 10% of total lymphocytes that
circulate in the peripheral circulation, with 90% of this subset consisting of CD56dim/CD16bright cells -
1], Whether an NK cell remains silent or executes its killing capacity on malignant cells depends on the
dynamic balance of stimulation events of two main structural classes of NK cell surface receptors namely
activating and inhibitory receptors. Inhibitory receptors in human NKcells include Kkiller cell
immunoglobulin-like receptors (KIRs), immunoglobulin-like transcripts (ILTs), and C-type lectin inhibitory
receptors comprising CD94/NKG2A [12.13],

The activation types of receptors found in NK cells are considerably more intricate, although some of them
are employed to identify molecules that are rarely expressed in normal circumstances but will be provoked
by different types of distress. At least three activating receptor types have been identified: C-type lectin
homodimer NKG2D, CD16, and the natural cytotoxicity receptors (NCRs). Three different NCRs have been
observed, namely NKp46, NKp44, and NKp30 [415]. Furthermore, certain human activating cellular
receptors, including distinct KIRs or NCRs, such as NKp30, NKp44, NKp46, and NKp80, convey the
triggering signal via protein tyrosine kinase-dependent channels [16l. Major histocompatibility complex
(MHC) class-1 molecules are synthesised on the surfaces of healthy cells, acting as ligands for inhibitory
receptors and contributing to NK cell self-tolerance. However, virus-infected or malignant cells tend to
absent surface MHC-class-I protein manifestation, resulting in a diminished inhibiting signal in NK cells.
Due to this absence, cells with low or no expression levels of MHC-class-I molecules will be efficiently lysed.
Signals from activating receptors in NK cells shift the equilibrium towards NK cell excitement and ultimate
destruction of target cells, either immediately via NK cell-mediated cytotoxicity or using the production of
signalling molecules cytokines [17.18]. Different types of NK cell receptors are depicted in Figure 2.

NK cells serve a significant role in the cytotoxic approach because they exhibit a broad array of both
activating and inhibitory receptors that attach to specific proteins in cancer cells. While certain inhibitory
receptors were overexpressed in malignancy, the majority of activating receptors were suppressed.
Therefore, modifications in NK cell receptors seen in cancer patients may help with the application of
therapies that increase activating receptors or decrease inhibitory ones [1°]. In general, the activation of the
NKG2D receptor by its ligands produced by tumours initiates one of the critical signalling pathways that
govern cancer immune monitoring [20211. Moreover, NKG2D activation on NK cells results in the exocytosis
of cytotoxic granules and the generation of cytotoxic cytokines [2223]. Furthermore, it has been discovered
that NKG2D protective function prevents the body from developing cancer, and animals deficient in this
receptor showed impaired immune surveillance of lymphoid and epithelial neoplasia [24.
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Figure 2: Schematic diagram depicting the different types of NK cell surface receptors. (ILR= Interleukin
receptor, TGF-R= receptor for transforming growth factor, NKG2A and NKG2D= NK group 2 A & D receptor,
CD16 = Cluster of differentiation-16, PD-1= Program cell death protein-1)

Structure, ligands and signalling mechanism of NKG2D

Within the NKG2 family of C-type lectin-like receptors, the NKG2D receptor is expressed by human NK cells,
v6 T cells, and CD8+ af T cells. It is composed of 316 amino acids and the gene that transcribes it is KLRK1
(killer cell lectin-like receptor K1), which is located on chromosome 12p in humans and the NK-gene cluster
on the sixth chromosome in mice. [2526], The NKG2D receptor exists as a homodimer made up of two
transmembrane protein molecules connected by a disulfide that have modest intracellular areas devoid of
signalling properties. The process of ligand attachment is carried out via its ectodomains. A dimer of DNAX-
activating protein-10 (DAP10) is connected to every NKG2D monomer. An ionic interaction between a
negatively charged aspartate in both transmembrane regions of the DAP10 dimer and a positively charged
arginine in an NKG2D transmembrane segment maintains this association. As an adaptor protein, DAP10
recruits the p85 component of phosphatidyl inositol-3 kinase (PI3K) and the Growth factor receptor-bound
protein-2 (Grb2)-Vav1 (proto-oncogene product) complex, which is responsible for additional downstream
actions. This allows DAP10 to transduce the signal after ligand binding [27.28],

Eight functional "stress-induced ligands" for NK cells are present in the human genome. These include MHC
class I chain-related protein-A (MICA), MICB, and UL16 binding protein-1 (ULBP1) to 6. All these
proteins have been detected by NKG2D, which is found not only in NK cells, but also in cytotoxic T cells, and
other T cell subsets. The NKG2D ligand/NKG2D-axis is a crucial regulator of anti-tumour action;
nevertheless, clinical data regarding NKG2D ligand involvement in immune surveillance and escape
appears inconsistent [29]. Induced-self protein molecules designated as NKG2D ligands are either absent or
minimally distributed in the outermost layer of healthy cells, but they become excessively expressed in
infected, changed, old, and distressed cells [39]. NKG2D selectively binds to the right ligands at different
intensities to start downhill pathway signalling, which is essential for the immune system's responses
against pathogens and malignancies [311.

The dynamic regulation of NK cells' response to abrupt activation is attributed to the interaction between
their surface NKG2D and similar ligands of nearby cells in the microenvironment. This can attach to PI3K's
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P85 subsections and draw in inositol-1,4,5-triphosphate, activating the downstream Grb-2 pathway [14].
Tyrosine phosphorylation is initiated by the interaction of Grb-2 and Vav. Following tyrosine
phosphorylation, it can unite with Vav-1's Src homology-2 (SH2) domain to create a complex with a range
of adaptor proteins, which in turn activates the JNK kinase and plays a crucial role in cytotoxicity, as seen
in Figure 3.

Cancer cell

NK cell membrane

NK cell cytotoxicity by
releasing cytotoxic gr
and cytokines

Figure 3: Schematic diagram demonstrating the signalling mechanism of NKG2D-mediated cellular
cytotoxicity.

Additionally, it can cause cytotoxicity by releasing granulase via the phospholipase C signal pathway. Actin
cytoskeleton reorganisation, transcription factor activation, and a rise in intracellular calcium
concentration in NK cells are all caused by the activation of the PI3K and Grb2 signalling pathways [321,
Tumour cells and NK cells eventually create immunological synapses because of actin cytoskeleton
recombination. Secretory vesicles containing active proteases in NK cells release perforin and granzymes
that fuse with the membrane to cause tumour cell death 33341, Activation of transcription factors induces
NK cells to express and secrete various cytokines, including FasL, tumour necrosis factor (TNF), and TNF-
related apoptosis-inducing ligand, which kills tumour cells via the Fas/FasL pathway and the TNFa/TNF-
receptor 1 (TNF-R1) pathway [35:36],

Recent advances in NKG2D as a cancer immunotherapy target

Numerous experimental animal models and clinical data have shown the importance of NKG2D/NKG2DL
pathway regulation in modulating tumour growth and immunological responsiveness. These investigations
brought to light the debate surrounding the function of NKG2D and its ligands in tumour immunity as well
as the potential utility of the NKG2D/NKG2DL pathway in cancer therapy [37:38]. The use of NKG2D-mediated
chimeric antigen receptors (CARs) in clinical research is currently one of the newest areas of interest. The
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NKG2D ectodomain is typically fused to the CD3( cytoplasmic signalling domain to form NKG2D-based
CARs. The NKG2D-CD3¢ CAR binds to endogenous DAP10 adaptors on its own. These CAR-modified cells
produce more pro-inflammatory cytokines and exhibit improved cytotoxicity when they recognise
NKG2DL+ tumour cells through NKG2D 39401, In a number of mouse tumour models for lymphoma, ovarian
cancer, and multiple myeloma, NKG2D-CAR T cell infusion led to the removal of tumours and extended
survival [#1-43]. By secreting lethal cytokines, NKG2D-CAR-T cell infusion also transformed the cancer
microenvironment from an immunosuppressive to an immunostimulatory milieu, and in certain
circumstances, it even stimulated the establishment of tumour-specific memory T cell responses [4445],

Clinical experiments with NKG2D-CAR-T cells have already begun [6]. A single dosage of NKG2D-CAR was
administered to 12 patients suffering from multiple myeloma or acute myeloid leukaemia (AML) in a first-
in-man clinical investigation. Notably, NKG2D-CARs were not shown to cause any serious negative effects
(471, Even though there was no objective tumour response, there were several instances of disease stability
and one AML patient had temporarily better hematologic markers [48]. A lot of work is also done to look at
the advantages of NK cells that express NKG2D-CAR. In vitro and in a mouse model of osteosarcoma, NK
cells produced with a chimeric receptor comprising NKG2D, DAP10, and CD3( demonstrated promising
outcomes. After prolonged activation of the receptor, the "responsiveness"” was markedly enhanced by the
expression of NKG2D-CAR. In a mouse model of osteosarcoma, engagement of NKG2D-CAR also resulted in
increased cytokine production and a lower tumour burden, albeit not complete tumour elimination [4°],

Increasing the expression of NKG2DL by tumour cells is one alternative approach to NKG2D cancer therapy,
which should improve NKG2D-mediated tumour detection and removal. It has been demonstrated that a
variety of small compounds, some of which are now being utilised in clinical settings, can alter the activity
of NK cells and increase the expression of NKG2DL on tumour cells [5051]. On a variety of cell lines, it has
been demonstrated that inhibitors of histone deacetylases (HDACi) upregulate MICA, MICB, and ULBP2
(5253], NKG2D-mediated immunorecognition was enhanced by the HDACi valproate (VPA), which
specifically increased the expression of MIC molecules on hepatocellular carcinoma (HCC) cell lines but not
ULBPs. Notably, treatment to VPA did not induce the expression of NKG2DL in non-malignant primary
hepatocytes. Notably, it was demonstrated that inducing NKG2DL by VPA improved the immune system's
ability to recognise ovarian cancer cells using NKG2D-CAR, indicating that a combination therapeutic use
would be highly advantageous [54. MICA and MICB molecules were specifically induced to express on
HCC by low dosages of bortezomib, but not on a primary hepatocyte [551.

It has been demonstrated that DNMTi 5-Aza-2'-deoxycytidine (decitabine), another possible chemical, can
cause MICB expression in various cell lines [56]. Afterwards, it was shown that one unusual characteristic of
AML cells was transcriptional downregulation of NKG2DL caused by hypermethylation of NKG2DL genes.
Thus, AML cells treated with DNA methyltransferase inhibitors (DNMTi) expressed more NKG2DL on their
cell surface and were more sensitive to NK cell line recognition [571. It's interesting to note that DNMTi were
also discovered to indirectly affect AML cells' production of NKG2DL by boosting the transcription of
TIMP3, a protease inhibitor involved in NKG2DL shedding [58l. A previous investigation indicated that the
combination of hypomethylating drugs, myeloid growth factors, and IFN-y significantly enhanced the
expression of NKG2DL on AML. In immunodeficient mice, the co-administration of decitabine and
allogeneic NK cells enhanced the targeted killing of human AML cells, most likely through an increase in
NKG2DL transcription [591. Decitabine improved NKG2D ligand expression in glioma cells, especially for
ULBP1 and ULBP3, and NKG2D-dependently restored NK-mediated lysis of mutant cells. HCC cells'
transcriptional suppression of ULBP1 due to hypermethylation may be alleviated by inhibitors of the
histone methyltransferase treatment [60.61],
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Several monoclonal antibodies (mAbs) that specifically target MICA/B have recently been developed. All
these antibodies have different modes of action and are intended to increase the NKG2D signalling axis. An
innovative method to make use of NKG2D ligands is to generate treatments that block MICA/B shedding.
The inducement of antibodies in response to vaccination with the alpha 3 domain of MICA/B is one method
to do this. These antibodies attach to MICA/B at the point of proteolytic cleavage, hence preventing
shedding. In preclinical research, immunisation produced strong anti-tumour responses that were reliant
on both NKand T cells [6263]. Since CLN-619 is the only MICA /B-targeted mAb available in the clinic, Cullinan
Oncology is taking a promising approach to targeting suppression of MICA/B shedding. CLN-619 is a
humanised IgG1 antibody. By attaching to the alpha 3 domain, CLN619 stops MICA/B from shedding from
cancer cells. It also has an active Fcyl domain that drives antibody-dependent cellular cytotoxicity [64l. The
MICA/B genes are extremely polymorphic, as previously mentioned, yet CLN-619 has been shown to
respond broadly to every allelic variation examined. Treatment with CLN-619 has been shown to reduce
levels of shed MICA and enhance MICA on the surface of cancer cells concurrently. Crucially, the attached
antibody does not impede the binding of MICA's alpha-1 and alpha-2 domains to NKG2D. Indeed, CLN-619
improves MICA's binding to NKG2D. Notably, in tumour xenograft models, CLN-619 has strong single-agent
action at low dosages; however, its activity is significantly dependent on a functioning Fcyl domain [6564],

Furthermore, NKG2DL expression can be promoted by two possible means, such as upregulation of the
ligands by chemotherapeutic agents and inhibition of shedding of these ligands. The summary of possible
ways to increase the expression of NKG2DL on tumour cells is listed in Table 1.

Table 1: List of some agents that promote NKG2DL expression in various types of cancer.

No. | Agents that induce NKG2DL | NKG2D ligand Cancer cell References
expression expressed

1 histone deacetylase inhibitor | MICA and MICB hepatocellular [66]
sodium valproate carcinoma cells

2 cisplatin MICA and MICB non-small cell lung | [67]

cancer
3 Sunitinib upregulated nasopharyngeal [68]
NKG2DLs, carcinoma cell and

apoptotic  genes, | hepatoma cell line
DNA damage
repair genes

4 Nutlin-3a NKG2DL and | neuroblastoma [69]
DNAM-1 receptor

5 Inosine pranobex multiple NKG2D | human papillomavirus- | [70]
ligands associated warts

6 kriippel-like factor 4 (KLF4) MICA acute myeloid leukemia | [71]

The combined results above demonstrate unequivocally that NKG2D-mediated cancer therapy has great
potential for use as a chemotherapeutic agent in the future; yet, several precautions must be addressed
before it may be applied extensively in clinical practice. Additionally, NKG2D combined treatment plans
may provide superior results compared to only one chemotherapy drug.
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Conclusions and Future Direction

NK cells are capable of eliminating tumour cells that exhibit a significant quantity of NKG2DLs; yet, in late-
stage tumours, the triggered immune system response is minimal because the tumour cells' NKG2DL
amounts have dropped. Consequently, approaches that concentrate on improving NKG2D transcription in
immune cells, raising NKG2DL expression in tumour cells, and getting rid of soluble NKG2DLs may
successfully trigger the immune response against cancer. Enhancing NKG2D transcription in immune cells
can enhance the therapeutic benefits of NK-based immunotherapy. Therefore, it is crucial to recognise and
comprehend the functions of several different transcription factors that influence the expression of NKG2D
on the cell membrane employing its ligands. Apart from that, a deeper comprehension of the regulatory
processes underlying stress-induced ligands at the post-transcriptional and post-translational levels may
aid researchers in creating innovative chemotherapeutic interventions. Likewise, studies should aim to
expand on our knowledge of how NKG2D ligands influence immune cell activity in both health and illness
to regulate immune responses. This will pave the way for future applications of the NKG2D ligand axis in
cancer treatment.

On top of that, it is challenging to merely interact with a single regulatory receptor to provide a therapeutic
impact on natural Killer cells due to the complex interactions between positive and negative regulatory
receptors. NK cells in the immunosuppressive TME may need more than one activating signal, such as the
concomitant engagement of both CD16A and NKG2D, to completely realise their destructive capabilities.
When NK cell-activating medications are used in conjunction with other treatments that improve or
supplement NK cell activation, such as lenalidomide, cytokines, or checkpoint inhibitors, their full
therapeutic potential in the clinic may be realised. When combined with checkpoint inhibitors, the innate
and adaptive immune systems can be activated simultaneously, potentially reducing the fatigue of PD-1-
expressing T cells and NK cells. The potential of using the NKG2D receptor in therapeutic intervention will
be demonstrated over the coming years, but we must continue to advance our understanding of the NKG2D
ligand and receptor nexus as each novel discovery will enable us to tailor NKG2D-mediated treatments.

Conflict of Interest
All authors declare no conflict of interest.

Author's contribution
Each of the authors has made major contributions, and all authors acknowledge the article's final draft.

Funding
The authors obtained no financial assistance for this article's research, creation, and publishing.

Ethical approval
Not applicable

Official Journal Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia.

55


https://doi.org/10.37231/ajmb.2024.8.2.749
https://journal.unisza.edu.my/ajmb

AJMB https://doi.org/10.37231/ajmb.2024.8.2.749 C‘: PENERBIT
https://journal.unisza.edu.my/ajmb /‘\.\ . / Oriversit Sulton Zainel Abidin

References

1. World Health Organization. Key facts; cancer https://www.who.int/news-room/fact-
sheets/detail /cancer#:~:text=The%Z20problem,lung%20(2.21%20million%20cases)%3B (visited on
14 December 2023)

2. Global Cancer Observatory. Global Cancer Observatory. larc.fr. Published 2018. (visited on 30
September 2023) https://gco.iarc.fr/

3. World Health Organization. Cancer. World Health Organization. Published February 3, 2022. (visited on
3 October 2023) https://www.who.int/news-room/fact-sheets/detail /cancer

4. Pucci C, Martinelli C, Ciofani G. Innovative approaches for cancer treatment: current perspectives and
new challenges. E-cancer medical science. 2019;13. https://doi.org/10.3332/ecancer.2019.961

5. Waldman AD, Fritz JM, Lenardo M]. A guide to cancer immunotherapy: from T cell basic science to
clinical practice. Nature Reviews Immunology. 2020;20:1-18. https://doi.org/10.1038/s41577-020-
0306-5

6. Shimasaki N, Jain A, Campana D. NK cells for cancer immunotherapy. Nature Reviews Drug Discovery.
Published online January 6, 2020. doi:https://doi.org/10.1038/s41573-019-0052-1

7. Wang ], Li CD, Sun L. Recent Advances in Molecular Mechanisms of the NKG2D Pathway in
Hepatocellular Carcinoma. Biomolecules. 2020;10(2):301. https://doi.org/10.3390/biom10020301

8. Stojanovic A, Correia MP, Cerwenka A. Shaping of NK Cell Responses by the Tumour Microenvironment.
Cancer Microenvironment. 2012;6(2):135-146. https://doi.org/10.1007/s12307-012-0125-8

9. Zhang W, Zhao Z, Li F. Natural Kkiller cell dysfunction in cancer and new strategies to utilize NK cell
potential for cancer immunotherapy. Molecular Immunology. 2022;144:58-70.
https://doi.org/10.1016/j.molimm.2022.02.015

10.Morvan MG, Lanier LL. NK cells and cancer: you can teach innate cells new tricks. Nature Reviews Cancer.
2015;16(1):7-19. https://doi.org/10.1038/nrc.2015.5

11.Campbell KS, Hasegawa ]. Natural killer cell biology: An update and future directions. Journal of Allergy
and Clinical Immunology. 2013;132(3):536-544. https://doi.org/10.1016/j.jaci.2013.07.006

12.Ismail NI. Relative expression of receptors in uterine natural Killer cells compared to peripheral blood
natural killer cells. Frontiers in Inmunology. 2023;14. https://doi.org/10.3389/fimmu.2023.1166451

13.Pende D, Falco M, Vitale M, et al. Killer Ig-Like Receptors (KIRs): Their Role in NK Cell Modulation and
Developments Leading to Their Clinical Exploitation. Frontiers in Immunology. 2019;10.
https://doi.org/10.3389/fimmu.2019.01179

14.Chen Y, Lu D, Churov A, Fu R. Research Progress on NK Cell Receptors and Their Signalling Pathways.
Mediators of Inflammation. 2020;2020:1-14. https://doi.org/10.1155/2020/6437057

15.Moretta L, Biassoni R, Bottino C, Mingari MC, Moretta A. Natural Killer Cells: A Mystery No More.
Scandinavian  Journal of Immunology. 2002;55(3):229-232. https://doi.org/10.1046/j.1365-
3083.2002.01055.x

16.Carlos Solans Sanchez, Ehsan Dowlati, Geiger AM, et al. NK Cell Adoptive Immunotherapy of Cancer:
Evaluating Recognition Strategies and Overcoming Limitations. Transplantation and Cellular Therapy.
2021;27(1):21-35. https://doi.org/10.1016/j.bbmt.2020.09.030

17.Letafati A, Ardekani OS, Naderisemiromi M, et al. Unraveling the dynamic mechanisms of natural killer
cells in viral infections: insights and implications. Virology Journal. 2024;21(1):18.
https://doi.org/10.1186/s12985-024-02287-0

18.Paul S, Lal G. The Molecular Mechanism of Natural Killer Cells Function and Its Importance in Cancer
Immunotherapy. Frontiers in Inmunology. 2017;8(1124). https://doi.org/10.3389/fimmu.2017.01124

19.Konjevic G, Vuletic A, Mirjacic Martinovic K, Krivokuca A, Jankovic R, Babovic N. Evaluation of the
Functional Capacity of NK Cells of Melanoma Patients in an In Vitro Model of NK Cell Contact with K562
and FemX Tumour Cell Lines. The Journal of Membrane Biology. 2017;250(5):507-516.
https://doi.org/10.1007/s00232-017-9977-7

20.Wensveen FM, Jelenci¢ V, Poli¢ B. NKG2D: A Master Regulator of Immune Cell Responsiveness. Frontiers
in Immunology. 2018;9. https://doi.org/10.3389/fimmu.2018.00441

21.Vivier E, Raulet DH, Moretta A, Caligiuri MA, Zitvogel L, Lanier LL, et al. Innate or Adaptive Immunity?
The Example of Natural Killer Cells. Science [Internet]. 2011 Jan 6;331(6013):44-9. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3089969/

Official Journal Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia.

56


https://doi.org/10.37231/ajmb.2024.8.2.749
https://journal.unisza.edu.my/ajmb

AJMB https://doi.org/10.37231/ajmb.2024.8.2.749 C‘: PENERBIT
https://journal.unisza.edu.my/ajmb /‘\.\ . / Oriversit Sulton Zainel Abidin

22. Khalil M, Wang D, Hashemi E, Terhune SS, Malarkannan S. Implications of a “Third Signal” in NK Cells.
Cells. 2021;10(8):1955. https://doi.org/10.3390/cells10081955

23.Smyth MJ, Swann |, Kelly JM, et al. NKG2D Recognition and Perforin Effector Function Mediate Effective
Cytokine Immunotherapy of Cancer. Journal of Experimental Medicine. 2004;200(10):1325-1335.
https://doi.org/10.1084/jem.20041522

24.Liu H, Wang S, Xin ], Wang ], Yao C, Zhang Z. Role of NKG2D and its ligands in cancer immunotherapy.
American Journal of Cancer Research. 2019;9(10):2064-2078.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6834480/

25.Siemaszko ], Marzec-Przyszlak A, Bogunia-Kubik K. NKG2D Natural Killer Cell Receptor—A Short
Description and Potential Clinical Applications. Cells. 2021;10(6):1420.
https://doi.org/10.3390/cells10061420

26.McCarthy M, O’Callaghan CA. NKG2D. Springer eBooks. Published online January 1, 2016:1-6.
https://doi.org/10.1007/978-1-4614-6438-9_568-1

27.Wang F, Lau JKC, Yu ]. The role of natural killer cell in gastrointestinal cancer: killer or helper. Oncogene.
2020;40(4):717-730. https://doi.org/10.1038/s41388-020-01561-z

28.Meza Guzman LG, Keating N, Nicholson SE. Natural Killer Cells: Tumour Surveillance and Signalling.
Cancers. 2020;12(4):952. https://doi.org/10.3390/cancers12040952

29.Schmiedel D, Mandelboim O. NKG2D Ligands-Critical Targets for Cancer Immune Escape and Therapy.
Frontiers in Immunology. 2018;9. https://doi.org/10.3389/fimmu.2018.02040

30.Wei L, Xiang Z, Zou Y. The Role of NKG2D and Its Ligands in Autoimmune Diseases: New Targets for
Immunotherapy. International Journal of Molecular Sciences. 2023;24(24):17545-17545.
https://doi.org/10.3390/ijms242417545

31.Machuldova A, Holubova M, Caputo VS, et al. Role of Polymorphisms of NKG2D Receptor and Its Ligands
in Acute Myeloid Leukemia and Human Stem Cell Transplantation. Frontiers in Immunology.
2021;12:651751. https://doi.org/10.3389/fimmu.2021.651751

32.Duan S, Guo W, Xu Z, et al. Natural killer group 2D receptor and its ligands in cancer immune escape.
Molecular Cancer. 2019;18(1). https://doi.org/10.1186/s12943-019-0956-8

33.Prager [, Watzl C. Mechanisms of natural killer cell-mediated cellular cytotoxicity. Journal of Leukocyte
Biology. 2019;105(6):1319-1329. https://doi.org/10.1002 /JLB.MR0718-269R

34.Jiang D, Zhang ], Mao Z, Shi ], Ma P. Driving natural killer cell-based cancer immunotherapy for cancer
treatment: An arduous journey to promising ground. Biomedicine & Pharmacotherapy.
2023;165:115004. https://doi.org/10.1016/j.biopha.2023.115004

35.Ramirez-Labrada A, Pesini C, Santiago L, et al. All About (NK Cell-Mediated) Death in Two Acts and an
Unexpected Encore: Initiation, Execution and Activation of Adaptive Immunity. Frontiers in
Immunology. 2022;13. https://doi.org/10.3389/fimmu.2022.896228

36.Beyer, Baukloh, Stoyanova, Kamphues, Sattler, Kotsch. Interactions of Tumour Necrosis Factor-Related
Apoptosis-Inducing Ligand (TRAIL) with the Immune System: Implications for Inflammation and
Cancer. Cancers. 2019;11(8):1161. https://doi.org/10.3390/cancers11081161

37.Dhar P, Wu JD. NKG2D and its ligands in cancer. Current Opinion in Immunology. 2018;51:55-61.
https://doi.org/10.1016/j.c0i.2018.02.004

38.Zhang C, Roder ], Scherer A, et al. Bispecific antibody-mediated redirection of NKG2D-CAR natural killer
cells facilitates dual targeting and enhances antitumour activity. /| Immunother Cancer.
2021;9(10):e002980-e002980. https://doi.org/10.1136/jitc-2021-002980

39.Elahi R, Heidary AH, Hadiloo K, Esmaeilzadeh A. Chimeric Antigen Receptor-Engineered Natural Killer
(CAR NK) Cells in Cancer Treatment; Recent Advances and Future Prospects. Stem Cell Reviews and
Reports. 2021;17(6):2081-2106. https://doi.org/10.1007 /s12015-021-10246-3

40.Yoon WS, Chung DS. Advanced T and Natural Killer Cell Therapy for Glioblastoma. Journal of Korean
Neurosurgical Society. 2023;66(4):356-381. https://doi.org/10.3340/jkns.2022.0267

41.Leivas A, Valeri A, Cérdoba L, et al. NKG2D-CAR-transduced natural killer cells efficiently target multiple
myeloma. Blood Cancer Journal. 2021;11(8). https://doi.org/10.1038/s41408-021-00537-w

42.Kankeu Fonkoua LA, Sirpilla O, SakemuraR, Siegler EL, Kenderian SS. CAR T cell therapy and the tumour
microenvironment: Current challenges and opportunities. Molecular Therapy - Oncolytics. 2022;25:69-
77. https://doi.org/10.1016/j.omt0.2022.03.009

Official Journal Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia.

57


https://doi.org/10.37231/ajmb.2024.8.2.749
https://journal.unisza.edu.my/ajmb

AJMB https://doi.org/10.37231/ajmb.2024.8.2.749 C‘: PENERBIT
https://journal.unisza.edu.my/ajmb /‘\.\ . / Oriversit Sulton Zainel Abidin

43.Spear P, Barber A, Rynda-Apple A, Sentman CL. NKG2D CAR T-cell therapy inhibits the growth of NKG2D
ligand heterogeneous tumours. Immunology and Cell Biology. 2013;91(6):435-440.
https://doi.org/10.1038/icb.2013.17

44 Martinez Bedoya D, Dutoit V, Migliorini D. Allogeneic CAR T Cells: An Alternative to Overcome
Challenges of CAR T Cell Therapy in Glioblastoma. Frontiers in Immunology. 2021;12.
https://doi.org/10.3389/fimmu.2021.640082

45.Rodriguez-Garcia A, Palazon A, Noguera-Ortega E, Powell D], Guedan S. CAR-T Cells Hit the Tumour
Microenvironment: Strategies to Overcome Tumour Escape. Frontiers in Immunology. 2020;11.
https://doi.org/10.3389/fimmu.2020.01109

46.Curio S, Jonsson G, Marinovi¢ S. A summary of current NKG2D-based CAR clinical trials. Immunotherapy
Advances. 2021;1(1). https://doi.org/10.1093 /immadv/1tab018

47.Baumeister SH, Murad ], Werner L, et al. Phase I Trial of Autologous CAR T Cells Targeting NKG2D
Ligands in Patients with AML/MDS and Multiple Myeloma. Cancer Immunology Research.
2018;7(1):100-112. https://doi.org/10.1158/2326-6066.cir-18-0307

48.]Jin X, Xie D, Sun R, et al. CAR-T cells dual-target CD123 and NKG2DLs to eradicate AML cells and
selectively target immunosuppressive cells. Oncolmmunology. 2023;12(1).
https://doi.org/10.1080/2162402x.2023.2248826

49.Lin Z, Wu Z, Luo W. Chimeric Antigen Receptor T-Cell Therapy: The Light of Day for Osteosarcoma.
Cancers. 2021;13(17):4469. https://doi.org/10.3390/cancers13174469

50.Wu Z, Zhang H, Wu M, et al. Targeting the NKG2D/NKG2D-L axis in acute myeloid leukemia. Biomedicine
& Pharmacotherapy. 2021;137:111299. https://doi.org/10.1016/j.biopha.2021.111299

51.Zingoni A, Fionda C, Borrelli C, Cippitelli M, Santoni A, Soriani A. Natural Killer Cell Response to
Chemotherapy-Stressed Cancer Cells: Role in Tumour Immunosurveillance. Frontiers in Immunology.
2017;8. https://doi.org/10.3389/fimmu.2017.01194

52.Armeanu S, Bitzer M, Lauer UM, et al. Natural killer cell-mediated lysis of hepatoma cells via specific
induction of NKG2D ligands by the histone deacetylase inhibitor sodium valproate. Cancer Research.
2005;65(14):6321-6329. https://doi.org/10.1158/0008-5472.CAN-04-4252

53.Poggi A, Catellani S, Garuti A, Pierri I, Gobbi M, Zocchi MR. Effective in vivo induction of NKG2D ligands
in acute myeloid leukaemias by all-trans-retinoic acid or sodium valproate. Leukemia. 2009;23(4):641-
648. https://doi.org/10.1038/1eu.2008.354

54.Song DG, Ye Q, Santoro SW, Fang C, Best A, Powell DJ. Chimeric NKG2D CAR-Expressing T Cell-Mediated
Attack of Human Ovarian Cancer Is Enhanced by Histone Deacetylase Inhibition. Hum Gene Ther.
2013;24(3):295-305. https://doi.org/10.1089/hum.2012.143

55.Luna], Grossenbacher S, Sturgill I, et al. Bortezomib Augments Natural Killer Cell Targeting of Stem-Like
Tumour Cells. Cancers. 2019;11(1):85. https://doi.org/10.3390/cancers11010085

56.Mazzone R, Zwergel C, Mai A, Valente S. Epi-drugs in combination with immunotherapy: a new avenue
to improve anticancer efficacy. Clinical Epigenetics. 2017;9(1). https://doi.org/10.1186/s13148-017-
0358-y

57.Baragafio Raneros A, Martin-Palanco V, Fernandez AF, et al. Methylation of NKG2D ligands contributes
to immune system evasion in acute myeloid leukemia. Genes & Immunity. 2014;16(1):71-82.
https://doi.org/10.1038/gene.2014.58

58.Raneros AB, Minguela A, Rodriguez RM, et al. Increasing TIMP3 expression by hypomethylating agents
diminishes soluble MICA, MICB and ULBP2 shedding in acute myeloid leukemia, facilitating NK cell-
mediated immune recognition. Oncotarget. 2017;8(19):31959-31976.
https://doi.org/10.18632 /oncotarget.16657

59.Cany ], Roeven MWH, Hoogstad-van Evert JS, et al. Decitabine enhances targeting of AML cells by CD34+
progenitor-derived NK cells in NOD/SCID/IL2Rgnull mice. Blood. 2018;131(2):202-214.
https://doi.org/10.1182/blood-2017-06-790204

60.Zhang X, Rao A, Sette P, et al. IDH mutant gliomas escape natural Killer cell immune surveillance by
downregulation of NKG2D ligand expression. Neuro-Oncology. 2016;18(10):1402-1412.
https://doi.org/10.1093 /neuonc/now061

61.Bugide S, Green MR, Wajapeyee N. Inhibition of Enhancer of zeste homolog 2 (EZH2) induces natural
killer cell-mediated eradication of hepatocellular carcinoma cells. Proceedings of the National Academy
of Sciences. 2018;115(15):E3509-E3518. https://doi.org/10.1073 /pnas.1802691115

Official Journal Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia.

58


https://doi.org/10.37231/ajmb.2024.8.2.749
https://journal.unisza.edu.my/ajmb

AJMB https://doi.org/10.37231/ajmb.2024.8.2.749 /‘: PENER BIT
https://journal.unisza.edu.my/ajmb L\ L / Universiti Sultan Zainal Abidin

62.Badrinath S, Dellacherie MO, Li A, et al. A vaccine targeting resistant tumours by dual T cell plus NK cell
attack. Nature. 2022;606(7916):992-998. https://doi.org/10.1038/s41586-022-04772-4

63.Ferrari de Andrade L, Tay RE, Pan D, et al. Antibody-mediated inhibition of MICA and MICB shedding
promotes  NK  cell-driven  tumour  immunity. Science.  2018;359(6383):1537-1542.
https://doi.org/10.1126/science.aao0505

64.Whalen KA, Rakhra K, Mehta NK, et al. Engaging natural killer cells for cancer therapy via NKG2D, CD16A
and other receptors. mAbs. 2023;15(1):2208697. https://doi.org/10.1080/19420862.2023.2208697

65.Tucker N. Pushing CLN-619 Forward for the Treatment of Advanced Gynecologic Malignancies.
Targeted Oncology. Published October 19, 2023. Accessed February 7, 2024.
https://www.targetedonc.com/view/pushing-cln-619-forward-for-the-treatment-of-advanced-
gynecologic-malignancies

66. Armeanu S, Bitzer M, Lauer UM, Venturelli S, Pathil A, Krusch M, Kaiser S, Jobst ], Smirnow I,
Wagner A, Steinle A, Salih HR. Natural killer cell-mediated lysis of hepatoma cells via specific induction
of NKG2D ligands by the histone deacetylase inhibitor sodium valproate. Cancer Res. 2005 Jul
15;65(14):6321-9. doi: 10.1158/0008-5472.CAN-04-4252. PMID: 16024634.

67.0kita R, Yukawa T, Nojima Y, et al. MHC class I chain-related molecule A and B expression is upregulated
by cisplatin and associated with good prognosis in patients with non-small cell lung cancer. Cancer
Immunol Immunother. 2016 May;65(5):499-509. doi: 10.1007/s00262-016-1814-9. Epub 2016 Mar 3.
PMID: 26940474.

68.Huang YX, Chen XT, Guo KY, et al. Sunitinib Induces NK-kB-dependent NKG2D Ligand Expression in
Nasopharyngeal Carcinoma and Hepatoma Cells. ] Immunother. 2017 Jun;40(5):164-174. doi:
10.1097/CJ1.0000000000000168. PMID: 28452850.

69.Veneziani I, Infante P, Ferretti E, et al. Nutlin-3a Enhances Natural Killer Cell-Mediated Killing of
Neuroblastoma by Restoring p53-Dependent Expression of Ligands for NKG2D and DNAM-1 Receptors.
Cancer Immunol Res. 2021 Feb;9(2):170-183. doi: 10.1158/2326-6066.CIR-20-0313. Epub 2020 Dec
10. PMID: 33303573.

70.McCarthy MT, Lin D, Soga T, et al. Inosine pranobex enhances human NK cell cytotoxicity by inducing
metabolic activation and NKG2D ligand expression. Eur J Immunol. 2020 Jan;50(1):130-137. doi:
10.1002/eji.201847948. Epub 2019 Sep 12. PMID: 31434164; PMCID: PMC6972573.

71. Alkhayer R, Ponath V, Frech M, et al. KLF4-mediated upregulation of the NKG2D ligand MICA in
acute myeloid leukemia: a novel therapeutic target identified by enChIP. Cell Commun Signal. 2023 May
4;21(1):94. doi: 10.1186/s12964-023-01118-z. PMID: 37143070; PMCID: PMC10157933.

Official Journal Faculty of Medicine, Universiti Sultan Zainal Abidin, Malaysia.

59


https://doi.org/10.37231/ajmb.2024.8.2.749
https://journal.unisza.edu.my/ajmb

