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Adaptive and Innate lymphocytes: 50+ years in the making
o

T cells are

I MHC-restricted
Identification of Cloning of Discovery Development of New

T lymphocytes ~ Discovery of NK cells TCR genes of NK-T cells  CD1d tetramers NKT subsets

1960s 1970s 1980s 1990s 2000s 2010s



Adaptive T
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Core effector
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» Relatively rare (<1%)

e Enriched in certain tissues

* Oligoclonal
» Recognize non-peptide
antigens

» “Poised effector” state
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Innate-like T cells: Classification
e
Natural Killer T cells (NKT):

* Type | or invariant NKT
> Invariant Va14-Jal1l8 TCRa (human Va24-Jal18) paired with
limited TCRp diversity (VB2, 7, 8.1-8.2, human V[(311)
* Type Il 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 (Va19-Ja33 in mice, Va7.2-Ja33 in humans)
. Abundant in humans

. Vitamin metabolites reactive

. MR1-restricted

CD8aa intraepithelial T cells (CD8aw IEL):

. Diverse a [dry dICRs

. Unknown TCR reactivity

. ?-restricted (B2M is required)

. Intestine residents

yé T cells:

. Multiple invariant TCR

. Not CD1d-restricted

. Poorly defined reactivities



INKT cells: the Usual Subsets
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T cell lineage development happens in the thymus
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NKT cells: Distinct Thymic Selection

SLAM-SAP

e \u CD1d Val4Jalg

1. Val4-Jal8 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: Unigue properties




NKT cells: Modes of activation
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NKT cells: Unigue properties




Direct killing by NKT cells

Lipid
! T @ntigen cD1id

GzmE,FasL
ey

GimB/FasL |

Cytotoxicity.

/ \\_./’/‘
A & @& [FNy

Cytotoxicity

| Tumar

cell




Endogenous ar
exogenous antigen

NKT cells produce a vast array of cytokines
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NKT cells produce a vast array of cytokines (fast)
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NKT cells: Interactions with immune cells
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NKT cells: Unigue properties




NKT cells are tissue-resident lymphocytes
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How NKT cells may fight tumors




How NKT cells may fight tumors
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How NKT cells may fight tumors

Tumor cell

deeth

CL40 atirnu letien

Diraet
wmxl:lt-,- ‘_-""‘..

'l-'unrlu-:: nﬂ TAM

e cdidacth

CMvGD-:nL
|‘Dfﬂ1ln \L_ﬁ J
: L0 1
——
mor c:l proitfaratian

m_hlr'nnﬁ |\\_/‘\Tu 1

Control of tumees giowth




Why NKT cells?
o

» Better outcomes in patients with high NKT tumor infiltrates



NKT cells as prognostic factors in cancer

A
o
2 ————- INKT Present
P =0.007 — iNKT Absent
To .
—
e e
3
E LL‘_|_L'
3
wn
Lo
[t |
G L 1
5 10 15

Time (years)

Metelitsa et al, JEM 2004



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

» 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

Graft-versus-tumor
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Why NKT cells?
o

» Better outcomes in patients with high NKT tumor infiltrates
* Ameliorate GvHD

* Restricted by non-polymorphic CD1d molecules

. Easily expandable :l off-the-shelf therapy



NKT cells are easily expandable in vitro

IPSC-derived regensrated MKT cell tharapy (att-the ahait]




Why NKT cells?
o

» Better outcomes in patients with high NKT tumor infiltrates
* Ameliorate GvHD

* Restricted by non-polymorphic CD1d molecules

. Easily expandable :l off-the-shelf therapy

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



Dual antigen targeting of CAR-NKT cells




CAR-T and rTCR-T therapies CAR-INKT and rTCR-iNKT therapies

Endogenous T-TCR  Chimeric antigen receptor = |
No function or GvHD mediates killing Both receptors mediate killing
. @
e ® @ ©
©e® C g
@
iNKT-TCR_\}

CAR-INKT s
cell

Potential GVHD + anti-tumor activity Enhanced activity with
(allogeneic setting) exogenous antigen receptor




NKT cell-mediated therapies
e

NKT cell activation NKT cell adoptive transfer CAR-NKT cell generation
» Direct aGalCer activation * NKT cell expansion » CAR-GD2 (neuroblastoma)
» Ligand-loaded APCs * NKT cell differentiation « CAR-CD19 (B-cell ymphoma)

» Ligand and cytokine activation from HSCs, or iPSCs
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NKT-CAR clinical trials

Clinical Trials.gov Search Results 10/242019
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Advantages of CAR-NKT cell therapies

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 Large number of uniform doses

patient factors 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




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
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NKT-B cell interactions: helping humoral immunity
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Why NKT cells?
o

» 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, IFNy, IL17

* Pre-activation with lipid ligands

» Continuous expression of cytokine receptors



NKT cells: Multiple functions




