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            Key Points

                	
                  Natural killer T (NKT) cells are a developmentally and functionally distinct lineage of T cells restricted by CD1dâ€“lipid antigen complexes. These cells branch from conventional MHC-restricted T cells at the CD4+CD8+ (double positive) stage of development in the thymus.

                
	
                  NKT-cell selection requires an interaction between a randomly generated, semi-invariant (VÎ±14-JÎ±18+) T-cell receptor (TCR) and CD1d loaded with endogenous glycolipid antigen, expressed by CD4+CD8+ thymocytes that act as selecting cells. Isoglobo-trihexosylceramide (iGb3) is a mammalian glycolipid agonist ligand for NKT cells, and some studies suggest it has a key role in NKT-cell selection. However, other studies have challenged this view and further investigation is required to resolve the issue.

                
	
                  Although the NKT-cell TCRÎ± is invariant, a more diverse, yet still restricted range of randomly generated TCRÎ²s can support NKT-cell selection. TCRÎ² contributes to the affinity of interaction with distinct glycolipid ligands and appears to endow the NKT-cell lineage with some flexibility in the types of antigen recognized.

                
	
                  There are two crucial control points in NKT-cell development, both of which are CD1d dependent: control point 1 represents NKT-cell selection and occurs only in the thymus. Control point 2 can occur in the thymus or periphery and represents the functionally significant transition from an immature NK1.1âˆ’ (CD161âˆ’ in humans) phenotype to the mature NK1.1+ stage.

                
	
                  The developmental relationships between subsets of functionally distinct mature NKT cells are not well understood. Known subsets include CD4+, CD4âˆ’CD8âˆ’ and CD8+ (the CD8+ NKT-cell subset is present in humans but not mice) NKT cells, but others are likely to be discovered. CD4+ NKT cells seem to be the earliest NKT cells in mice and humans, but the point at which other subsets arise, and the factors that regulate these additional differentiation steps, are not known.

                
	
                  A broad range of secreted and intracellular signalling factors have been identified that are selectively important for NKT-cell development, which supports the concept that NKT-cell differentiation is regulated independently of conventional T cells. These factors include interleukin-15 (IL-15), granulocyte/macrophage colony-stimulating factor (GM-CSF), lymphotoxin-Î± and lymphotoxin-Î², nuclear factor-ÎºB (NF-ÎºB)-family members, SLAM (signalling lymphocytic activation molecule)-associated protein (SAP) and FYN.

                


              

Abstract
CD1d-dependent natural killer T (NKT) cells are a unique T-cell subset with the ability to regulate the immune system in response to a broad range of diseases. That low NKT-cell numbers are associated with many different disease states in mice and humans, combined with the fact that NKT-cell numbers vary widely between individuals, makes it crucial to understand how these cells develop and how their numbers are maintained. Here, we review the current state of knowledge of NKT-cell development and attempt to highlight the most important questions in this field.
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                    Figure 1: NKT-cell function.[image: ]


Figure 2: CD1d processing and antigen presentation.[image: ]


Figure 3: NKT-cell development.[image: ]


Figure 4: Intracellular signalling pathways that regulate NKT-cell development.[image: ]
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Glossary
	Î±-GalCerâ€“CD1d tetramers
	
                  Tetrameric (or multimeric) forms of CD1d molecules bound to Î±-galactosylceramide (Î±-GalCer), which have sufficient affinity for the T-cell receptor (TCR) of type I natural killer T (NKT) cells to allow the detection of invariant NKT cells by flow cytometry.

                
	Globo/isoglobo-series glycosphingolipids
	
                  One arm of the glycosphingolipid family, which is characterized by an Î±-linked galactose sugar in the third sugar position. Globotrihexosylceramide (Gb3) has an Î±1â€“4 linked galactose sugar, whereas isoglobotrihexosylceramide (iGb3) has an Î±1â€“3 linked galactose sugar. Additional Î²-linked sugars bound to these base structures yield Gb4 and iGb4.

                
	Agonist ligand
	
                  A ligand that results in cell activation and proliferation. Agonistic activity is often, but not always, associated with high-affinity and/or high-avidity binding of the T-cell receptor.

                
	T helper 1/ T helper 2/ T helper 0 cells
	
                  (TH1/TH2/TH0 cells). A classification of CD4+ T cells on the basis of the patterns of cytokines that they secrete. TH1 cells secrete interferon-Î³ (IFNÎ³) and associated pro-inflammatory cytokines that promote cell-mediated immunity. TH2 cells secrete interleukin-4 (IL-4) and associated cytokines that promote humoral immunity. TH0 cells have a 'hybrid' phenotype, being able to secrete both IFNÎ³ and IL-4.

                
	Superantigen
	
                  A microbial protein that binds to MHC class II molecules, as well as a particular set of T-cell receptor VÎ² chains, thereby leading to widespread TCR VÎ²-dependent, but antigen-specificity-independent, T-cell activation.

                
	Nuclear factor-ÎºB
	
                  (NF-ÎºB). A family of transcription factors (including NF-ÎºB1 (p50), NF-ÎºB2 (p52), cRel, RelA and RelB) that regulate a range of cellular processes, including cell survival, proliferation, differentiation and cytokine production.

                
	Alymphoplasia
	
                  (aly). A mouse phenotype that is characterized by the absence of lymph nodes and Peyer's patches. It is caused by a spontaneous mutation in the gene that encodes nuclear-factor-ÎºB-inducing kinase (NIK).

                
	X-linked lymphoproliferative syndrome
	
                  (XLP). Individuals with XLP have complicated immune dysfunctions, often triggered by infection with Epsteinâ€“Barr virus. Many patients develop fatal B-cell lymphoproliferation. The gene that encodes SLAM-associated protein (SAP) is mutated in these patients.

                
	Non-obese diabetic mice
	
                  (NOD mice). A strain of mice that normally develops idiopathic autoimmune diabetes that very closely resembles type 1 diabetes in humans. These mice have a developmental and functional deficiency in the NKT-cell compartment.
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