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Rare immune cell types
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Adaptive and Innate lymphocytes: 50+ years in the making
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NK receptors:
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• Relatively rare (<1%)

• Enriched in certain tissues

• Oligoclonal

• Recognize non-peptide

antigens

• “Poised effector” state

Core effector
transcriptional program
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Innate-like T cells: Classification

Natural Killer T cells (NKT):
• Type I or invariant NKT

 Invariant Vα14-Jα18 TCRα (human Vα24-Jα18) paired with
limited TCRβ diversity (Vβ2, 7, 8.1-8.2, human Vβ11)

• Type II diverse NKT cells-Diverse TCRs
• Lipid reactive (ceramides, glycerols, sulfatides)
• Restricted by non-polymorphic CD1d molecules (MHC-I like)
Mucosal Associated Innate T cells (MAIT):
• Invariant TCRs (Vα19-Jα33 in mice, Vα7.2-Jα33 in humans)
• Abundant in humans
• Vitamin metabolites reactive
• MR1-restricted

T cells:
• Multiple invariant TCR
• Not CD1d-restricted
• Poorly defined reactivities

CD8 intraepithelial T cells (CD8 IEL):
• Diverse α βor γ δTCRs
• Unknown TCR reactivity
• ?-restricted (β2M is required)
• Intestine residents



iNKT cells: the Usual Subsets

Thymus BM+periphery

Thymus

Periphery



DP

CD8
SP

DN

CD4
SP

CD4-CD8-

CD4+CD8+
CD4+CD8-

CD4-CD8+

T cell lineage development happens in the thymus

BM
precursor



NKT cells: Distinct Thymic Selection
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1. Vα14-Jα18 rearrangement instructs the NKT cell fate
2. Selection happens on bystander DP cells, through CD1D
3. SLAM-SLAM interactions are required

 This selection process is sufficient to promote the innate
phenotype, through PLZF induction



iNKT cells: Step-wise thymic development
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NKT cells: Unique properties



NKT cells: Modes of activation
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NKT cells become anergic after initial activation
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NKT cells: Unique properties



Direct killing by NKT cells



NKT cells produce a vast array of cytokines
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Uldrich et al, J Immunol 2005

NKT cells produce a vast array of cytokines (fast)



NKT cells: Interactions with immune cells
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NKT cells are tissue-resident lymphocytes



How NKT cells may fight tumors



How NKT cells may fight tumors



How NKT cells may fight tumors



Why NKT cells?

• Better outcomes in patients with high NKT tumor infiltrates



NKT cells as prognostic factors in cancer

Metelitsa et al, JEM 2004



Intratumor NKT cells as a prognostic factor in colorectal carcinoma patients.

Tsuyoshi Tachibana et al. Clin Cancer Res 2005;11:7322-
7327

©2005 by American Association for Cancer Research



Why NKT cells?

• Better outcomes in patients with high NKT tumor infiltrates

• Ameliorate GvHD



NKT cells suppress GvHD

• Host NKT cells protect from GvHD
• Activation of NKT cells protects from GvHD
• Adoptive transfer of NKT cells protects from GvHD



Why NKT cells?

• Better outcomes in patients with high NKT tumor infiltrates

• Ameliorate GvHD

• Restricted by non-polymorphic CD1d molecules

• Easily expandable off-the-shelf therapy



NKT cells are easily expandable in vitro



Why NKT cells?

• Better outcomes in patients with high NKT tumor infiltrates

• Ameliorate GvHD

• Restricted by non-polymorphic CD1d molecules

• Easily expandable

• Dual targeting (both CAR NKT antigen and CD1d-restricted antigen)

off-the-shelf therapy



Dual antigen targeting of CAR-NKT cells





NKT cell-mediated therapies

NKT cell activation

• Direct aGalCer activation

• Ligand-loaded APCs

• Ligand and cytokine activation

NKT cell adoptive transfer

• NKT cell expansion

• NKT cell differentiation

from HSCs, or iPSCs

CAR-NKT cell generation

• CAR-GD2 (neuroblastoma)

• CAR-CD19 (B-cell lymphoma)





NKT-CAR clinical trials



CAR-T cell therapy CAR-NKT cell therapy
Long time required for manufacturing Off-the-shelf therapies immediately

available
Product-to-product variability due to
patient factors

Large number of uniform doses
manufactured from a single donor

Limited success in solid tumors NKT cells naturally home to tissues
CAR-T cells cause GvHD NKT cells modulate immuno-

suppressive cells
Uncertain persistence NKT cells do not mediate GvHD

Fully functional TCR and no TCR
gene editing required
IL-15 prolongs persistence

Advantages of CAR-NKT cell therapies



Summary

 Multiple subsets of innate-like T cells
 Both rearranged (although invariant) and germline encoded

receptors
 Poised/activated phenotype
 Ample production of various cytokines
 Dependent on non-polymorphic CD1D or MR1 molecules
 Lipid/metabolites recognition
 Distinct developmental pathway
 DP-DP interactions
 SLAM-SAP dependency

 PLZF expression
 Potentially better/complementary targets for immunotherapy



THANK YOU!





NKT-B cell interactions: helping humoral immunity





Why NKT cells?

• Better outcomes in patients with high NKT tumor infiltrates

• Ameliorate GvHD

• Restricted by non-polymorphic CD1d molecules (off-the-shelf therapy)

• Easily expandable

• Dual targeting (both CAR NKT antigen and CD1d-restricted antigen)

• Potent anti-tumor cytotoxic activity (aGalCer discovery)

• Very quick and diverse cytokine production: IL4, IFNγ, IL17

• Pre-activation with lipid ligands

• Continuous expression of cytokine receptors
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NKT cells: Multiple functions


