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NK cell: the interface between innate and adaptive
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NK cells are the body’s first line of defense against infections and diseases with an innate ability to rapidly seek and
destroy abnormal cells.

NK cell therapy has the potential to

v Target multiple pathogenic antigens with measurably more efficient cytotoxicity

v Be better controlled to reduce risk of cytokine storms

v Be produced from a variety of sources without relying on patient-specificimmune cells



Inmunoterapia basada en células NK

Activatory CD16
KIR 2DS1/2 (FcR KIR 2DL1

Receptors (HLA-C, grupo HLA-C, grupo 2)

KIR 2DS3/5 KIR 3881 KIR 2DL2/3
(desconocido) (HLA-C, grupo 1)

KIR 2DS4 KIR 2DL5
(él)lgunos HLA- Ay alelg; (desconocido)
KIR 3DL1
(HLA-Bw4)

KIR 2DL4
(HLA-G)
KIR 3DL2

(HLA-A A3, A1)

CD94/NKG2A
(HLA-E)

NKG2D
(MICA/B, ULBPS)

NKp46
(hemaglutinina virus)

(PCNA)

DNAM (CD226)

NTBA (CD155, CD112)

(NTBA)  CD2
(CD54) 2B4
(CD48)

NKp80
(AICL1)

Target NK Cell Target
Cell Cell
HLACL | KIR2DLL 2B4/CD244/

Hm(chz’léféfg] T8 ———tew s KIR2DL2 SLAMF4# == “tcDeg
i e AEaE2nts NTB-A/SLAMEG e | NTBA/
Unknown - || 4u KIR2DLSA SLAMF6
1] KIR2DLSE CRACC/SLAMF7 - +——— === 44+ CRACC/
HLA-BW4 (3DL1) « KIR3DL1 SLAMF7
HLA-A (3DL2) KIR3DL2 D16/ 196
Unknown -5 = KIR3DL3 e Ve
I 1 D3 zeta==ml i
HLAGH g == || = KIR2DL4 =
]I # | SFcR gamma FeR gamma
i | KIR2Ds1 27— T
1 | KIR2DS2 100/ ||, @ ——3 58 CD72
. ) | & KIR2DS3 Semaphorin 4D g '; .:ILA c
HLA-C(20S1) 44— KIR2DS4 —— a
Unknown | o, == SKIR2DSS 0T gl wcencam-1
(2D52:2085) | | DAP12 CEACAM-1%eees (
Unknown | | gg— === KIR3DSI eeceee |CEACAM-5
1 =paP12
E j Soluble ILT2/LILRB] 888 {=e=e= «—— g3~ HLA Class I
i %5—64- LLeen KLRG1 § 5+ iy
BAGE* 11 gach g==CD3 zeta Cadherins
Eéxosomen [ gt LAIR]-ma e s— afzpens Collagen
B7-H6 || o= e v eyl D161/ .|
i i,“,a‘ HA® =DAP12 NKR-PiA B 8+ S OCIL/CLEC2d
H v i |
i NKp46 Siglec-3 mn ey
PONA® e i fm—(D3 zeta Siglec-7 =
]

| }/ira\ HA'® i chR gamma
j NKp80

CD94-NKG2C/E/H
= DAP12

Ned-2/1GSF4A
CD112/Nectin-2
CD155/PVRE
CD112/Nectin-2
CD113/Nectin-3 -
CD155/PVR A =33

=g Sialic Acid
Siglec-9 sm—— e <

Domain Key
=)o |g-like Domain
« C-type Lectin Domain
| @ Sema Domain
| = EC Cadnerin Domain
= Immunoreceptor Tyrosine-based
Inihibitory Motif (ITAM)
= Immunoreceptor Tyrosine-based
Activation Motif {ITAM)
4 Immuncreceptor Tyrosine-based
Switch Motif (ITSM)

= oo Motit

Copyright © 2006 Nature Publishing Group
Nature Reviews | Inmunology

v These functions are performed in the context of a learning process ("licensing") regulated mainly by inhibitory KIR receptors and

their ligands (HLA class | molecules, in humans).

v In a basal situation the cells of the different tissues express their own ligands (self), HLA class |, so they are protected.
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2. Missing self hypothesis



Inmunoterapia basada en células NK

[ KIRINHIBITOR |

2D

KIR ACTIVATOR




Inmunoterapia basada en células NK

[ KIRINHIBITOR |

2D




Inmunoterapia basada en células NK
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Immune reconstitution after MRD depends on KIR donor repertoire
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Innate immune (NK cells) and adaptive immune (T cells) compete at reconstitution
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HLA genotype of patient
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Follow up by flow citometry
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3. Induced self hypothesis
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NK cell target OIC and prevent migration, invasion and micrometastasis
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First in human

NK cell adoptive therapy for pediatric malignancies
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@

A phase I trial of interleukin-15—stimulated natural killer cell infusion
after haplo-identical stem cell transplantation for pediatric refractory
solid tumors

Intemational Society for Cellukar Therapy _®
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» Feasible, Safety, Efficacy, Cheap, Allow combining strategies and timing

 However, limited clinical benefits because

Obtaining large numbers of fully activated NK cells can be challenging
NK cell exhaustion

Limited in vivo expansion

Lack of antitumor memory

Cryopreservation often impairs functionality

Poor ability to reach solid tumours

Suppression by tumour microenvironment (TME)

NoOOkWNE

» Opportunities to improvement: from Natural Killer cells to Artificial Executors

Induced memory NK cells
Resident memory

Bikes, Trikes...

CAR-T, CAR-NK

PN E
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» Feasible, Safety, Efficacy, Cheap, Allow combining strategies and timing

 However, limited clinical benefits because

4. Lack of antitumor memory

» Opportunities to improvement: from Natural Killer cells to Memory NK cells

1. Induced memory NK cells
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4. Memory induced NK cells
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Why using ML-NK-based therapy instead of CAR-T?

NK transfer does not cause

Sef Transl Med. 2016 September 21; 8(357): 357ral23. doi1:10.1126/scitranslmed.aaf2341.

Cytokine-induced memory-like natural Killer cells exhibit
enhanced responses against myeloid leukemia

Rizwan Romee!.", Maximillian Rosario!2", Melissa M. Berrien-Elliott!:”", Julia A. Wagner!,
Brea A. Jewell!, Timothy Schappe!, Jeffrey W. Leong', Sara Abdel-Latif!, Stephanie E.
Schneider!, Sarah Willey!, Carly C. Neal', Liyang Yu3, Stephen T. Oh3, Yi-Shan Lee?, Arend
Mulder4, Frans Claas?, Megan A. Cooper®, and Todd A. Fehniger!.T
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Optimization of cell growth culture-media
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Generating ML-NK cells

a) To obtain blood sample or buffy coat
b) NKcells purification with RosetteSep kit (manufacturer instructions)
c) NKcells culture with ILs: - Day-1

. Ctrl NKs — IL-15 1ng/mL
. preML-NKs — IL-15 50 ng/mL, IL-12 10 ng/mL, IL-18 50 ng/mL
16h in culture

d) Wash ILs: washed three times in PBS 1X . Dayo
e) Culture NK cells (IL-15 1ng/mL for both) at 3-5x10° c¢/mL J Ctrl-NK Ctrl-NK

Preactivated Memory-like
NK

v
v

f)  Refresh medium each 2 days with IL-15 1ng/mL to support survival
(both)

6 days
(IL-15 to support survival)

+— — — — —

v
v

IL-12 .

g) Day 6: cells diferentiated to ML-NKs } Day 6 IL-18
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5. The T-NK approach
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Use of CAR-Transduced Natural Killer Cells
in CD19-Positive Lymphoid Tumors

Enli Liu, M.D., David Marin, M.D., Pinaki Banerjee, Ph.D.,

Homer A. Macapinlac, M.D., Philip Thompson, M.B., B.S., Rafet Basar, M.D.,
Lucila Nassif Kerbauy, M.D.,, Bethany Overman, B.5.N., Peter Thall, Ph.D.,
Mecit Kaplan, M.5., Vandana Nandivada, M.S., Indresh Kaur, Ph.D.,

Ana Munez Cortes, M.D., Kai Cao, M.D., May Daher, M.D., Chitra Hosing, M.D.,
Evan N. Cohen, Ph.D., Partow Kebriaei, M.D., Rohtesh Mehta, M.D.,
Sattva Meelapu, M.D., Yago Nieto, M.D., Ph.D., Michael Wang, M.D.,
William Wierda, M.D., Ph.D., Michael Keating, M_D., Richard Champlin, M.D.,
Elizabeth ). Shpall, M.D., and Katayoun Rezvani, M.D., Ph.D.
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The T-NK approach a multiple targets model (NKG2DL)
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NKG2D CAR vs primary B-ALL blasts
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” Phase | Trial of Memory T Cells Expressing and anti-NKG2D CAR T in Children, Adolescents and Young Adults with Advanced
Sarcoma (CAR4SAR)”

FUNDACION

\ 900  Centro Nacional Y aecCcc
Cnlo de Investigaciones INVESTIGACION CONTRA £ CANCER
o Oncologicas

s cemors GRUPOS COORDINADOS AECC
PEDIATRICAS
2019
< SCIENTIFIC PROPOSAL
O 7
... SERVICIO DE SALUD gos;:itc]lélni;e;sit_ario //; ’»j k Coo rd i n ato r G ro u .
DEL PRINCIPADO DE ASTURIAS entral de Asturias == p
[ ]
e o |
arios

Dr. Antonio Pérez-Martinez Translational Research in Pediatric Oncology, Hematopoietic
Transplantation and Cell Therapy Unit, Hospital Universitario La Paz, Madrid (Spain) on behalf
of the Grupo de Inmunoterapia de la Sociedad Espainola de Hemato-Oncologia Pediatrica.

Dra. Lucia Fernandez, Centro Nacional de Investigaciones Oncoldgicas (CNIO)
Dr. Javier Garcia Castro, Instituto de Salud Carlos Il (ISCIII)

Dr. Carlos Lopez Larrea, Hospital Universitario Central de Oviedo (HUCA)

Madrid, 17 de julio de 2019

Sailjd

B8 comunidad de Madrid
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”Phase Il clinical trial on the use of intratumoral/intraventricular CART-NKG2D or NKIL15 cells in children, adolescent and
young adults (AYA) with recurrent/refractory high grade Central Nervous System tumours (CINK-CAR)”

g 98¢  Centro Nacional °
SEHOP cnio &% |d
soceoaeseafos < "
DE HEMAT [A'Y ONCOLOGIA
PEDIATRI

UNIVERSITAS

Miguel Herndndez coo rdinator Group:

Dr. Antonio Pérez-Martinez Translational Research in Pediatric Oncology, Hematopoietic Transplantation and Cell Therapy Unit, Hospital
Universitario La Paz, Madrid (Spain)

Dr. Alvaro Lassaletta, Hospital Infantil Universitario Nifio Jesus.
Dra. Isabel Mirones, Hospital Universitario La Paz

Dr. Ramon Cantero, idiPAZ

Dra. Lucia Fernandez, CNIO

Dr. Bernat Soria, Universidad de Alicante

Dr. Carcas, UCICEC, Hospital Universitario La Paz

2 Madrid, 16 de enero de 2020 .
A di

B8 comunidad de Madrid



Inmunoterapia basada en células NK

Comments and take message home

1. NK cells are the predominant innate lymphocyte subsets that mediate anti-tumor and anti-viral
responses, and possess promising clinical utilization

2. NK cells utilize inhibitory receptors, killer immunoglobulin-like receptor to develop, mature, and
recognize “self” from “non-self.”

3. Transformed cells increased numbers of stress-induced molecules on their surface which can be
recognized by specific activating NK cell receptors, such as NKG2D, “induced self” recognition

4. Novel adoptive “adaptive” and “memory” characteristics of NK cells as “antigen-experienced”
NK cells should overcome main adoptive NK cell limitation

5. To improve the clinical efficacy of NK cell immunotherapy has led the development of
genetically engineered NK cells that express a chimeric antigen receptor (CARNK and T-NK CAR)
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Antonio Pérez-Martinez!#34

Translational Research in Pediatric Oncology, Hematopoietic Transplantation and Cell Therapy Unit, Hospital Universitario La Paz, Madrid (Spain), 2Instituto de Genética
Médica y Molecular (INGEMM), Hospital Universitario La Paz, Madrid (Spain), 3Profesor Titular de Pediatria de la UAM, “Jefe de Servicio de Hemato-Oncologia Pediatrica,
Hospital Universitario La Paz, Madrid (Spain)
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