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Abstract

Natural Killer T (NKT) cells, a specialized subset of lymphocytes exhibiting characteristics of both T cells and
natural killer (NK) cells, play a critical role in the regulation of immune responses. Unlike conventional T cells,
NKT cells recognize lipid antigens presented by CD1d molecules, making them key players in both innate and
adaptive immunity. In autoimmune diseases, characterized by the immune system's attack on self-tissues, NKT
cells exhibit a dual nature—acting as either protectors by promoting immune tolerance or as contributors to disease
progression through inflammatory responses. Subsets of NKT cells, including invariant NKT (iNKT) cells, have
been implicated in both the suppression of autoimmunity via anti-inflammatory cytokines like interleukin-4 (IL-4)
and in the exacerbation of disease through pro-inflammatory cytokines such as interferon-gamma (IFN-y). These
functions are particularly evident in diseases like multiple sclerosis, type 1 diabetes, and systemic lupus
erythematosus. This review explores the diverse roles of NKT cells in autoimmune diseases, emphasizing their
potential as therapeutic targets for modulating immune function and improving disease outcomes.

Keywords: Natural Killer T cells, immune regulation, CD1d, iNKT cells, multiple sclerosis, type 1 diabetes,
systemic lupus erythematosus.
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Introduction

Natural Killer T (NKT) cells are a unique subset of lymphocytes that straddle both the innate and adaptive immune
systems. They are distinguished by their ability to recognize lipid antigens presented by CD1d molecules, unlike
conventional T cells, which recognize peptide antigens presented by MHC molecules. This lipid antigen
recognition allows NKT cells to respond rapidly to a variety of microbial, tumor, and self-antigens, making them
key regulators of immune responses [1].A hallmark of NKT cells is their ability to produce large amounts of
cytokines within hours of activation, thereby influencing the function of various immune cells, including dendritic
cells, macrophages, and conventional T cells [2].

In the context of autoimmune diseases, where the immune system erroneously targets self-antigens, NKT cells
have been found to play a paradoxical role—both protective and pathogenic. Autoimmune diseases such as multiple
sclerosis (MS), type 1 diabetes (T1D), and systemic lupus erythematosus (SLE) are characterized by an imbalance
in immune regulation, often resulting in chronic inflammation and tissue damage [3]. NKT cells are involved in
both promoting and regulating this dysregulated immune response. For example, in T1D, a reduction in the number
and function of invariant NKT (iNKT) cells has been associated with disease progression, suggesting a protective
role for these cells in maintaining immune tolerance [4]. Similarly, in MS, NKT cells have been shown to suppress
disease severity through the production of anti-inflammatory cytokines such as interleukin-4 (IL-4) [5]. However,
in other contexts, such as SLE, NKT cells can contribute to the pathogenesis by secreting pro-inflammatory
cytokines, including interferon-gamma (IFN-y), which exacerbates tissue damage [6].

The dual nature of NKT cells in autoimmune diseases is largely dependent on their functional plasticity and the
cytokines they produce. iNKT cells, which express a semi-invariant T cell receptor (TCR), are the best-studied
subset and are known for their ability to rapidly produce both pro-inflammatory cytokines (IFN-y, TNF-a) and
anti-inflammatory cytokines (IL-4, IL-10). This cytokine production allows iNKT cells to either enhance or
suppress immune responses depending on the disease context [7] . Additionally, the interaction between NKT cells
and other immune cells, such as regulatory T cells (Tregs) and dendritic cells, further influences the outcome of
autoimmune diseases [3].

Recent studies have suggested that modulating NKT cell activity may hold therapeutic potential for autoimmune
diseases. For example, therapies aimed at enhancing NKT cell numbers or function have been explored in T1D,
with promising results in preclinical models [3] . Conversely, targeting NKT cell-mediated inflammatory pathways
may offer new strategies for diseases where these cells contribute to disease exacerbation, such as SLE [6]. As
researchers continue to uncover the complex roles of NKT cells in autoimmunity, these cells emerge as both
biomarkers for disease progression and potential targets for immunotherapy.

Figure 1 : Natural killer t cell
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(Islam, R., Pupovac, A., Evtimov, V., Boyd, N., Shu, R., Boyd, R., & Trounson, A. (2021). Enhancing a natural killer: Modification of
NK cells for cancer immunotherapy. Cells, 10(5), 1058. https://doi.org/10.3390/cells10051058)
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Role of NKT Cells in Autoimmune Diseases

1)Type 1 Diabetes (T1D):

Type 1 diabetes (T1D), also known as insulin-dependent diabetes mellitus or juvenile diabetes, is brought on by T
lymphocytes destroying the pancreatic cells that produce insulin. T lymphocytes, both CD8+ and CD4+, have been
linked to the pathophysiology of type 1 diabetes. In T1D patients, the condition of NKT cells is extremely
contentious.[8,9]. According to reports, the frequency of NKT cells in the peripheral blood of T1D patients can
either rise [10] fall [11,12] or stay the same [13,14] when compared to normal control participants.

Several study teams have looked into how NKT cell activation can affect diabetes in NOD mice.[8,15,16].Results
from repeated ~-GalCer injections have consistently demonstrated protection against the onset of diabetes on its
own [17,18,19,20].According to Falcone et al. (2004), upregulating CD1d expression prevented autoimmune
diabetes and restored the immunoregulatory function of NKT cells[21]. A Th2 shift within the pancreatic islets was
linked to the protection provided by NKT cells, and IL-4 has been identified as a crucial immunoregulation
mediator [22,23].

2)Experimental autoimmune encephalomyelitis and multiple Sclerosis :

NOD mice were protected against experimental autoimmune encephalomyelitis, which is thought to be a useful
model for human multiple sclerosis, by transgenic overexpression of the invariant NKT TCR. Although it was not
dependent on IL-4, this was linked to a notable suppression of antigen-specific IFNg production [24] Moreover,
research employing aGalCer-induced NKT cell stimulation verified that NKT cells can influence the illness by
generating Th2 cytokine profiles [25,26]. Some, however, claimed that the protective effect was linked to increased
IFNg production by NKT cells that were limited to the liver [27].

MS is a long-term inflammatory condition that affects the human central nervous system. Myelin antigens in the
central nervous system are the target of this Th1-mediated autoimmune condition [28]. It has been shown that MS
patients have lower levels of Va24 mRNA in their peripheral blood [29]. Furthermore, DN NKT cells secreted less
IL-4 [30].However, as compared to patients in relapse, CD4 p NKT cell lines taken from remission patients
displayed a significant Th2 bias [31]. These findings lend credence to NKT cells’ immunoregulatory role in MS
[32].

3)Systemic Lupus Erythematosus (SLE):

NKT cells are decreased in lupus-prone animals and systemic lupus erythematosus patients, which may indicate
that these cells prevent the development of lupus [33,34].However, studies showing that administration of aGalCer
worsened the condition have highlighted a potential harmful involvement of NKT cells [35]. In juvenile lupus-
prone mice, the transfer of activated NKT cells caused an autoimmune-like inflammation [36], while anti-CD1d
blocking antibody treatment improved the condition [35].According to Yang et al. (2003), NKT cells might be
involved in the regulation of lupus dermatitis development.[37].They postulated that treatments targeted at the in
vivo activation of NKT cells might aid in the management of dermatitis because lupus disease activity appears to
inversely correlate with circulating NKT cell numbers, and humans with lupus and other systemic autoimmune
diseases have lower numbers of NKT cells [38]. Furthermore, their discovery that NKT cells can proliferate upon
repeated in vivo activation may have consequences for the development of NKT cell-based treatments for long-
term immunological disorders [37].

4) Rheumatoid Arthritis (RA):

It has recently been discovered that RA and a wide spectrum of other disorders marked by autoreactive tissue
damage have decreased NKT cells [39]. Additionally, the rheumatoid synovium had less invariant TCR transcripts
[40]. According to reports, some RA patients’ NKT cells did not proliferate when stimulated with GalCer and
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displayed a Thl bias in their blood .It is noteworthy that NKT cells in the synovial fluid of every patient showed
a ThO cytokine profile and reacted to stimulation . also found that soluble CD1d expression levels were decreased
in RA patients
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Figure 2: Roles of Natural killer t cells

(Kucuksezer, U. C., Aktas Cetin, E., Esen, F., Tahrali, 1., Akdeniz, N., Gelmez, M. Y., & Deniz, G. (2021). The role of natural killer cells
in autoimmune diseases. Frontiers in Immunology, 12. https://doi.org/10.3389/fimmu.2021.622306)

Mechanisms of Action

Natural killer T (NKT) cells are a distinct subset of lymphocytes that express characteristics of both T cells and
natural killer (NK) cells. They play a critical role in modulating immune responses, particularly in the context of
autoimmune diseases. The mechanism by which NKT cells contribute to autoimmunity is multifaceted, involving
antigen recognition, cytokine production, and interactions with other immune cell.

1.Antigen Recognition:

NKT cells are activated by glycolipid antigens presented on the CD1d molecule of antigen-presenting cells (APCs).
This is distinct from conventional T cells, which recognize peptide antigens. In autoimmune diseases, aberrant
lipid presentation can activate NKT cells, contributing to immune dysregulation. In diseases like systemic lupus
erythematosus (SLE), NKT cells may recognize self-lipids, leading to autoimmunity [3].

2.Cytokine Production:

Upon activation, NKT cells rapidly secrete large quantities of cytokines, including interferon-gamma (IFN-y),
interleukin-4 (IL-4), and tumor necrosis factor-alpha (TNF-a). These cytokines can either promote or suppress
immune responses:

2.1)Pro-inflammatory role:

As seen in Type 1 Diabetes (T1D) and Multiple Sclerosis (MS), NKT cells have the ability to produce IFN-y and
TNF-a, which increase inflammation and autoreactive T cell activation [42].

2.2)Regulatory role: NKT cells, on the other hand, have the ability to release IL-4 and IL-10, which regulate the
immune system and aid to reduce autoimmunity by reducing overreactions [2].

3.Immune Cell Interactions:

NKT cells interact with various immune cells, such as dendritic cells (DCs), macrophages, and B cells, influencing
the overall immune response:
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3.1)With Dendritic Cells (DCs):

NKT cells can regulate DC function, which is crucial for the activation of conventional T cells. Dysregulated NKT-
DC interactions can lead to exacerbation of autoimmunity [37].

3.2)With Macrophages:

NKT cells have the ability to activate macrophages, which can exacerbate tissue damage and increase the
production of pro-inflammatory cytokines, especially in conditions like rheumatoid arthritis (RA) [43].

3.3)With B Cells:

NKT cells have the ability to affect B cells’ generation of antibodies, which is especially important in conditions
like SLE that are marked by autoantibodies [44].

4.Impaired Tolerance and Autoimmunity:

Preventing autoreactive immune cell activation is one of NKT cells’ vital roles in preserving immunological
tolerance. Tolerance breakdown results from this regulating function being compromised in autoimmune disorders.
Wilson et al. (2010) state that in T1D, for instance, NKT cells are unable to stop the death of pancreatic B-cells,
which results in insulin insufficiency and hyperglycemia. [45].

5.Th1/Th2 Balance:

The immune response can be shifted by NKT cells in either a Th1 or Th2 direction. NKT cells frequently favour a
Thl-type inflammatory response in autoimmune disorders such as MS, which intensifies disease pathology by
encouraging autoreactive T cells [46].

Conclusion

A special subpopulation of immune cells known as natural killer T (NKT) cells possesses both innate and adaptive
immunological traits. Their function is complicated in autoimmune illnesses since they can either increase
inflammation or support immunological control. By generating cytokines like IL-4 and IFN-y, NKT cells control
immunological responses. These cytokines can support tolerance and inhibit negative immune responses.
Nonetheless, NKT cells may become dysregulated in a number of autoimmune conditions, including multiple
sclerosis, systemic lupus erythematosus, and type 1 diabetes, which can accelerate tissue damage and
inflammation.

NKT cells are a viable target for therapeutic intervention because of their capacity to affect the immune system.
Restoring the equilibrium between detrimental autoimmune reactions and protective immune control may be
possible by altering their activity. New therapies that target either improving NKT cells’ regulatory role or reducing
their harmful effects in autoimmune diseases may result from this. To completely comprehend how NKT cells
might be altered to effectively treat autoimmune illnesses, more research is necessary.

Refference

1)Bendelac, A., Savage, P. B., & Teyton, L. (2007). The biology of NKT cells. Annual Review of Immunology,
25(1), 297-336. https://doi.org/10.1146/annurev.immunol.25.022106.141711

2)Godfrey, D. 1., MacDonald, H. R., Kronenberg, M., Smyth, M. J., & Kaer, L. V. (2004). NKT cells: What’s in a
name? Nature Reviews Immunology, 4(3), 231-237. https://doi.org/10.1038/nri1309

IJNRD2411224 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/
https://doi.org/10.1146/annurev.immunol.25.022106.141711
https://doi.org/10.1038/nri1309

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | ]NRD.ORG

3) Van Kaer, L., & Wu, L. (2018). Therapeutic potential of invariant natural killer T cells in autoimmunity. Frontiers
in Immunology, 9. https://doi.org/10.3389/fimmu.2018.00519

4) Parekh, V. V., Wu, L., Olivares-Villagomez, D., Wilson, K. T., & Van Kaer, L. (2013). Activated invariant NKT
cells control central nervous system autoimmunity in a mechanism that involves myeloid-derived suppressor cells.
The Journal of Immunology, 190(5), 1948-1960. https://doi.org/10.4049/jimmunol. 1201718

S5)Mars, L. T., Gautron, A. S., Novault, S., Martiniel, J. E., & Lehuen, A. (2004). Invariant NKT cells inhibit
development of the Th17 lineage. *Nature Immunology*, 5(6), 537-543.

6) Brennan, P. J., Brigl, M., & Brenner, M. B. (2013). Invariant natural killer T cells: An innate activation scheme
linked to diverse effector functions. Nature Reviews Immunology, 13(2), 101-117. https://doi.org/10.1038/nri3369

7) Godfrey, D. I., & Kronenberg, M. (2004). Going both ways: Immune regulation via cd1d-dependent NKT cells.
Journal of Clinical Investigation, 114(10), 1379-1388. https://doi.org/10.1172/j¢i2359

8)Wu, L., & Kaer, L. V. (2007). Role of NKT cells in the digestive system. II. NKT cells and diabetes. American
Journal of Physiology-Gastrointestinal and Liver Physiology, 293(9), G919-G922.
https://doi.org/10.1152/ajpgi.00242.2007

9) Chatenoud, L. (2002). Do NKT cells control autoimmunity? Journal of Clinical Investigation, 110(6), 747-748.
https://doi.org/10.1172/j¢i200216625

10) Oikawa, Y., Shimada, A., Yamada, S., Motohashi, Y., Nakagawa, Y., Irie, J., Maruyama, T., & Saruta, T. (2002).
High frequency of Va24+ VB11+ T-cells observed in type 1 diabetes. Diabetes Care, 25(10), 1818-1823.
https://doi.org/10.2337/diacare.25.10.1818

11) Wilson, S. B., Kent, S. C., Patton, K. T., Orban, T., Jackson, R. A., Exley, M., Porcelli, S., Schatz, D. A.,
Atkinson, M. A., Balk, S. P., Strominger, J. L., & Hafler, D. A. (1998). Extreme Th1 bias of invariant Va24JaQ T
cells in type 1 diabetes. Nature, 391(6663), 177-181. https://doi.org/10.1038/34419

12) Kis, J., Engelmann, P., Farkas, K., Richman, G., Eck, S., Lolley, J., Jalahej, H., Borowiec, M., Kent, S. C.,
Treszl, A., & Orban, T. (2006). Reduced CD4+ subset and Th1 bias of the human iNKT cells in type 1 diabetes
mellitus. Journal of Leukocyte Biology, 81(3), 654-662. https://doi.org/10.1189/j1b.1106654

13) Lee, P. T., Putnam, A., Benlagha, K., Teyton, L., Gottlieb, P. A., & Bendelac, A. (2002). Testing the NKT cell
hypothesis of human IDDM pathogenesis. Journal of Clinical Investigation, 110(6), 793-800.
https://doi.org/10.1172/3¢1200215832

14)OLING, V., MARTTILA, J, KNIP, M., SIMELL, O. & ILONEN, J. (2007). Circulating
CD4<sup>+</sup>CD25<sup>high</sup> regulatory T cells and natural killer T cells in children with newly
diagnosed type 1 diabetes or with diabetes-associated autoantibodies. Annals of the New York Academy of
Sciences, 1107(1), 363-372. https://doi.org/10.1196/annals.1381.038

15) Novak, J., Griseri, T., Beaudoin, L., & Lehuen, A. (2007). Regulation of type 1 diabetes by NKT cells.
International Reviews of Immunology, 26(1-2), 49-72. https://doi.org/10.1080/08830180601070229

16) Chen, Y., Choisy-Rossi, C., Holl, T. M., Chapman, H. D., Besra, G. S., Porcelli, S. A., Shaffer, D. J., Roopenian,
D., Wilson, S. B., & Serreze, D. V. (2005). Activated NKT cells inhibit autoimmune diabetes through Tolerogenic

recruitment of dendritic cells to pancreatic lymph nodes. The Journal of Immunology, 174(3), 1196-1204.
https://doi.org/10.4049/jimmunol.174.3.1196

17) Wang, B., Geng, Y., & Wang, C. (2001). Cdl-restricted Nk T cells protect Nonobese diabetic mice from
developing diabetes. The Journal of Experimental Medicine, 194(3), 313-320.
https://doi.org/10.1084/jem.194.3.313

IJNRD2411224 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/
https://doi.org/10.3389/fimmu.2018.00519
https://doi.org/10.4049/jimmunol.1201718
https://doi.org/10.1038/nri3369
https://doi.org/10.1172/jci2359
https://doi.org/10.1152/ajpgi.00242.2007
https://doi.org/10.1172/jci200216625
https://doi.org/10.2337/diacare.25.10.1818
https://doi.org/10.1038/34419
https://doi.org/10.1189/jlb.1106654
https://doi.org/10.1172/jci200215832
https://doi.org/10.1196/annals.1381.038
https://doi.org/10.1080/08830180601070229
https://doi.org/10.4049/jimmunol.174.3.1196
https://doi.org/10.1084/jem.194.3.313

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | ]NRD.ORG

18) Hong, S., Wilson, M. T., Serizawa, 1., Wu, L., Singh, N., Naidenko, O. V., Miura, T., Haba, T., Scherer, D. C.,
Wei, J., Kronenberg, M., Koezuka, Y., & Van Kaer, L. (2001). The natural killer T-cell ligand a-galactosylceramide
prevents autoimmune diabetes in non-obese diabetic mice. Nature Medicine, 7(9), 1052-1056.
https://doi.org/10.1038/nm0901-1052

19) Sharif, S., Arreaza, G. A., Zucker, P., Mi, Q., Sondhi, J., Naidenko, O. V., Kronenberg, M., Koezuka, Y.,
Delovitch, T. L., Gombert, J., Leite-de-Moraes, M., Gouarin, C., Zhu, R., Hameg, A., Nakayama, T., Taniguchi,
M., Lepault, F., Lehuen, A., Bach, J., ... Herbelin, A. (2001). Activation of natural killer T cells by a-
galactosylceramide treatment prevents the onset and recurrence of autoimmune type 1 diabetes. Nature Medicine,
7(9), 1057-1062. https://doi.org/10.1038/nm0901-1057

20) Naumov, Y. N., Bahjat, K. S., Gausling, R., Abraham, R., Exley, M. A., Koezuka, Y., Balk, S. B., Strominger,
J. L., Clare-Salzer, M., & Wilson, S. B. (2001). Activation of cdld-restricted T cells protects NOD mice from

developing diabetes by regulating dendritic cell subsets. Proceedings of the National Academy of Sciences, 98(24),
13838-13843. https://doi.org/10.1073/pnas.251531798

21) Falcone, M., Facciotti, F., Ghidoli, N., Monti, P., Olivieri, S., Zaccagnino, L., Bonifacio, E., Casorati, G.,
Sanvito, F., & Sarvetnick, N. (2004). Up-regulation of CD1d expression restores the immunoregulatory function

of NKT cells and prevents autoimmune diabetes in Nonobese diabetic mice. The Journal of Immunology, 172(10),
5908-5916. https://doi.org/10.4049/jimmunol.172.10.5908

22) Hammond, K. J., Poulton, L. D., Palmisano, L. J., Silveira, P. A., Godfrey, D. L., & Baxter, A. G. (1998). o/p—
T cell receptor (TCR)+CD4—CD8— (NKT) thymocytes prevent insulin-dependent diabetes mellitus in Nonobese
diabetic (NOD)/Lt mice by the influence of interleukin (il)-4 and/or IL-10. The Journal of Experimental Medicine,
187(7), 1047-1056. https://doi.org/10.1084/jem.187.7.1047

23) Laloux, V., Beaudoin, L., Jeske, D., Carnaud, C., & Lehuen, A. (2001). NK T cell-induced protection against
diabetes in va14-ja281 transgenic Nonobese diabetic mice is associated with a Th2 shift circumscribed regionally

to the islets and functionally to islet Autoantigen. The Journal of Immunology, 166(6), 3749-3756.
https://doi.org/10.4049/jimmunol.166.6.3749

24)Mars, L. T., Laloux, V., Goude, K., Desbois, S., Saoudi, A., Van Kaer, L., Lassmann, H., Herbelin, A., Lehuen,
A., & Liblau, R. S. (2002). Cutting edge: Val4-ja281 NKT cells naturally regulate experimental autoimmune

encephalomyelitis in Nonobese diabetic mice. The Journal of Immunology, 168(12), 6007-6011.
https://doi.org/10.4049/jimmunol.168.12.6007

25) Pal, E., Tabira, T., Kawano, T., Taniguchi, M., Miyake, S., & Yamamura, T. (2001). Costimulation-dependent
modulation of experimental autoimmune encephalomyelitis by ligand stimulation of Val4 NK T cells. The Journal
of Immunology, 166(1), 662-668. https://doi.org/10.4049/jimmunol.166.1.662

26) Singh, A. K., Wilson, M. T., Hong, S., Olivares-Villagomez, D., Du, C., Stanic, A. K., Joyce, S., Sriram, S.,
Koezuka, Y., & Van Kaer, L. (2001). Natural killer T cell activation protects mice against experimental autoimmune
encephalomyelitis. The Journal of Experimental Medicine, 194(12), 1801-1811.
https://doi.org/10.1084/jem.194.12.1801

27) Furlan, R., Bergami, A., Cantarella, D., Brambilla, E., Taniguchi, M., Dellabona, P., Casorati, G., & Martino,
G. (2003). Activation of invariant NKT cells by aGalCer administration protects mice from mog35-55-induced

EAE: Critical roles for administration route and IFN-y. European Journal of Immunology, 33(7), 1830-1838.
https://doi.org/10.1002/e71.200323885

28) Hellings, N., Raus, J., & Stinissen, P. (2002). Insights into the Immunopathogenesis of multiple sclerosis.
Immunologic Research, 25(1), 27-52. https://doi.org/10.1385/ir:25:1:27

IJNRD2411224 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/
https://doi.org/10.1038/nm0901-1052
https://doi.org/10.1038/nm0901-1057
https://doi.org/10.1073/pnas.251531798
https://doi.org/10.4049/jimmunol.172.10.5908
https://doi.org/10.1084/jem.187.7.1047
https://doi.org/10.4049/jimmunol.166.6.3749
https://doi.org/10.4049/jimmunol.168.12.6007
https://doi.org/10.4049/jimmunol.166.1.662
https://doi.org/10.1084/jem.194.12.1801
https://doi.org/10.1002/eji.200323885
https://doi.org/10.1385/ir:25:1:27

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | ]NRD.ORG

29) Illés, Z., Kondo, T., Newcombe, J., Oka, N., Tabira, T., & Yamamura, T. (2000). Differential expression of NK
T cell Va24JaQ invariant TCR chain in the lesions of multiple sclerosis and chronic inflammatory demyelinating
Polyneuropathy. The Journal of Immunology, 164(8), 4375-4381. https://doi.org/10.4049/jimmunol.164.8.4375

30) Gausling, R., Trollmo, C., & Hafler, D. A. (2001). Decreases in interleukin-4 secretion by invariant
CD4-CD8-Va24JaQ T cells in peripheral blood of patients with relapsing—remitting multiple sclerosis. Clinical
Immunology, 98(1), 11-17. https://doi.org/10.1006/clim.2000.4942

31) Araki M, Kondo T, Gumperz JE, Brenner MB, Miyake S, Yamamura T (2003)T(h)2 bias of CD4+ NKT cells
derived from multiple sclerosis in Remission. Int Immunol 15:279-88

32) Linsen, L., Somers, V., & Stinissen, P. (2005). Immunoregulation of autoimmunity by natural killer T cells.
Human Immunology, 66(12), 1193-1202. https://doi.org/10.1016/;.humimm.2006.02.020

33) Mieza, M. A, Itoh, T., Cui, J. Q., Makino, Y., Kawano, T., Tsuchida, K., Koike, T., Shirai, T., Yagita, H.,
Matsuzawa, A., Koseki, H., & Taniguchi, M. (1996). Selective reduction of V Alpha 14+ NK T cells associated

with disease development in autoimmune-prone mice. The Journal of Immunology, 156(10), 4035-4040.
https://doi.org/10.4049/jimmunol.156.10.4035

34) Van der Vliet, H. J., Von Blomberg, B. E., Nishi, N., Reijm, M., Voskuyl, A. E., Van Bodegraven, A. A., Polman,
C. H., Rustemeyer, T., Lips, P., Van den Eertwegh, A. J., Giaccone, G., Scheper, R. J., & Pinedo, H. M. (2001).
Circulating Va24+ VB11+ NKT cell numbers are decreased in a wide variety of diseases that are characterized by
Autoreactive tissue damage. Clinical Immunology, 100(2), 144-148. https://doi.org/10.1006/clim.2001.5060

35) Zeng, D., Liu, Y., Sidobre, S., Kronenberg, M., & Strober, S. (2003). Activation of natural killer T cells in
NZB/W mice induces thl-type immune responses exacerbating lupus. Journal of Clinical Investigation, 112(8),
1211-1222. https://doi.org/10.1172/j¢i17165

36) Morshed, S., Mannoor, K., Halder, R., Kawamura, H., Bannai, M., Sekikawa, H., Watanabe, H., & Abo, T.
(2002). Tissue-specific expansion of NKT and CD5+B cells at the onset of autoimmune disease in (NZBxXNZW)F1
mice. European  Journal of  Immunology, 32(9), 2551-2561.  https://doi.org/10.1002/1521-
4141(200209)32:9<2551::aid-immu2551>3.0.co;2-¢c

37) Yang, J., Saxena, V., Xu, H., Van Kaer, L., Wang, C., & Singh, R. R. (2003). Repeated a-galactosylceramide
administration results in expansion of NK T cells and alleviates inflammatory dermatitis in MRL-Ipt/lpr mice. The
Journal of Immunology, 171(8), 4439-4446. https://doi.org/10.4049/jimmunol.171.8.4439

38) Sumida, T., Sakamoto, A., Murata, H., Makino, Y., Takahashi, H., Yoshida, S., Nishioka, K., Iwamoto, I., &
Taniguchi, M. (1995). Selective reduction of T cells bearing invariant V Alpha 24J Alpha Q antigen receptor in
patients with systemic sclerosis. The Journal of experimental medicine, 182(4), 1163-1168.
https://doi.org/10.1084/jem.182.4.1163

39) Van der Vliet, H. J., Von Blomberg, B. E., Nishi, N., Reijm, M., Voskuyl, A. E., Van Bodegraven, A. A., Polman,
C. H., Rustemeyer, T., Lips, P., Van den Eertwegh, A. J., Giaccone, G., Scheper, R. J., & Pinedo, H. M. (2001).
Circulating Va24+ VB11+ NKT cell numbers are decreased in a wide variety of diseases that are characterized by
Autoreactive tissue damage. Clinical Immunology, 100(2), 144-148. https://doi.org/10.1006/clim.2001.5060

40) Maeda, T. (1999). Decreased TCR AV24AJ18+ double-negative T cells in rheumatoid synovium.
Rheumatology, 38(2), 186-188. https://doi.org/10.1093/rheumatology/38.2.186

41) Kojo, S., Adachi, Y., Keino, H., Taniguchi, M., & Sumida, T. (2001). Dysfunction of T cell receptor
AV24AJ18+,BV11+ double-negative regulatory natural killer T cells in autoimmune diseases. Arthritis &
Rheumatism, 44(5), 1127-1138. https://doi.org/10.1002/1529-0131(200105)44:5<1127::aid-anr194>3.3.co:2-n

IJNRD2411224 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/
https://doi.org/10.4049/jimmunol.164.8.4375
https://doi.org/10.1006/clim.2000.4942
https://doi.org/10.1016/j.humimm.2006.02.020
https://doi.org/10.4049/jimmunol.156.10.4035
https://doi.org/10.1006/clim.2001.5060
https://doi.org/10.1172/jci17165
https://doi.org/10.1002/1521-4141(200209)32:9%3c2551::aid-immu2551%3e3.0.co;2-c
https://doi.org/10.1002/1521-4141(200209)32:9%3c2551::aid-immu2551%3e3.0.co;2-c
https://doi.org/10.4049/jimmunol.171.8.4439
https://doi.org/10.1084/jem.182.4.1163
https://doi.org/10.1006/clim.2001.5060
https://doi.org/10.1093/rheumatology/38.2.186
https://doi.org/10.1002/1529-0131(200105)44:5%3c1127::aid-anr194%3e3.3.co;2-n

© 2024 IJNRD | Volume 9, Issue 11 November 2024 | ISSN: 2456-4184 | ]NRD.ORG

42)Berzins, S. P., Smyth, M. J., & Baxter, A. G. (2011). Presumed guilty: Natural killer T cell defects and human
disease. Nature Reviews Immunology, 11(2), 131-142. https://doi.org/10.1038/nri2904

43) Palmer, C. S., Ostrowski, M., Balderson, B., Christian, N., & Crowe, S. M. (2015). Glucose metabolism
regulates T cell activation, differentiation, and functions. Frontiers in Immunology, 6.
https://doi.org/10.3389/fimmu.2015.00001

44) Berzins, S. P., Uldrich, A. P., Pellicci, D. G., McNab, F., Hayakawa, Y., Smyth, M. J., & Godfrey, D. L. (2004).
Parallels and distinctions between T and NKT cell development in the thymus. Immunology & Cell Biology, 82(3),
269-275. https://doi.org/10.1111/].0818-9641.2004.01256.x

45) Wilson, M. T., Johansson, C., Olivares-Villagomez, D., et al. (2010). The role of a CD1d-restricted T cell in
adipose tissue inflammation during obesity. Journal of Experimental Medicine, 207(5), 1281-1288.
https://doi.org/10.1084/jem.20091812

46) Jahng, A. W., Maricic, I., Pedersen, B., Burdin, N., Naidenko, O., Kronenberg, M., Koezuka, Y., & Kumar, V.
(2001). Activation of natural killer T cells potentiates or prevents experimental autoimmune encephalomyelitis.
The Journal of Experimental Medicine, 194(12), 1789-1799. https://doi.org/10.1084/jem.194.12.1789

IJNRD2411224 International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/
https://doi.org/10.1038/nri2904
https://doi.org/10.3389/fimmu.2015.00001
https://doi.org/10.1111/j.0818-9641.2004.01256.x
https://doi.org/10.1084/jem.20091812
https://doi.org/10.1084/jem.194.12.1789

