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Natural cytotoxic reactivity of mouse lymphoid cells against syngeneic acid allogeneic 
tumors. I. Distribution of reactivity and specificity. Herberman RB, Nunn ME, Lavrin DH.
Int J Cancer. 1975 Aug 15;16(2):216-29.

"Natural" killer cells in the mouse. II. Cytotoxic cells with specificity for mouse 
Moloney leukemia cells. Characteristics of the killer cell.
Kiessling R, Klein E, Pross H, Wigzell H.
Eur J Immunol. 1975 Feb;5(2):117-21.

Rolf Kiessling (Karolinska Institute) Ronald B Herberman 1940-2013 (NCI)

Bryceson et al. (2005) J Exp Med

Bryceson et al. (2009) Blood  
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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
✓ Target multiple pathogenic antigens with measurably more efficient cytotoxicity
✓ Be better controlled to reduce risk of cytokine storms
✓ Be produced from a variety of sources without relying on patient-specific immune cells

Adoptive cell therapy: NK cells
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✓ These functions are performed in the context of a learning process ("licensing") regulated mainly by inhibitory KIR receptors and 
their ligands (HLA class I molecules, in humans).

✓ In a basal situation the cells of the different tissues express their own ligands (self), HLA class I, so they are protected.
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1. NK cell, The living drugs: from cell therapy to advanced cell therapy

2. Missing self hypothesis
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NK CELL KILLER IMMUNOGLOBULINE LIKE RECEPTORS
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NK CELL INHIBITORY KILLER IMMUNOGLOBULINE LIKE RECEPTORS
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Adoptive cell therapy: NK cells

Donors Recipients

HLA            NK repertoire HLA       Target

Missing 

HLA-C group 1
Lysis!

KIR2DL

2/3

HLA-C group 1

KIR genes present in 100% of 182 individuals

allo-NK clones detected in 100% of >60 donors

KIR gene present in 97% of 182 individuals

allo-NK clones detected in 100% of >60 donors

Missing

HLA-C group 2
Lysis!

KIR2DL1
HLA-C group 2

Missing

HLA-Bw4
Lysis!

HLA-Bw4 group

KIR gene present in 95% of 182 individuals

allo-NK clones detected in 2/3 of >60 donors

KIR3DL1
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Leung W. Blood. 2011

NK cell alloreactivity based in missing self hypothesis

HLA-B HLA-C
Missing 
ligands KIR alloreactivity ALL kiling

Patient 
08:01:01/18:01:

01 05:01:01/07:01:01

Father 18/49 05/07

Mother 08/18 12/07

HLA-B HLA-C

Patient Bw6/Bw6 Asn80/Lys80 Bw4 KIR3DL1 unlicensed No

Father Bw4/Bw6 Asn80/Lys80 No KIR3DL1 licensed Yes

Mother Bw6/Bw6 Asn80/Asn80 Bw4/Lys80
KIR3DL1/2dl1 

unlicensed Anergy

HLA-B HLA-C

Patient Bw6/Bw6 C1/C2 Bw4 KIR3DL1 unlicensed No

Father Bw4/Bw6 C1/C2 No KIR3DL1 licensed Yes

Mother Bw6/Bw6 C1/C1 Bw4/C2
KIR3DL1/2dl1 

unlicensed Anergy

3DL1

2DL1/2DL2/2DL3
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Pérez-Martínez A. BMT 2012

Escudero A et al.  BBMT 2018.
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• Determinants of 
antileukemia effects 
of allogeneic NK cells. 
Leung W, et al. J 
Immunol 2004; 
172:644 – 650. 

• Comparison of killer 
Ig-like receptor 
genotyping and 
phenotyping for 
selection of allogeneic 
blood stem cell 
donors. Leung W et al 
J Immunol 2005; 
174:6540 – 6545

Jeffrey S Miller

• Missing KIR ligands 
are associated with 
less reapse an 
increased graft-
versus-host disease 
(GVHD) following 
unrelated donor 
allogeneic HCT. Miller 
JS, Cooley S, Parham 
P, etal. Blood 2007; 
109:5058 – 5061.

Rupert Handgretinger 

• KIR B haplotype donors 
confer a reduced risk for 
relapse after 
haploidentical 
transplantation in 
children with ALL. 
Oevermann L, et al. 
Blood. 2014 
Oct23;124(17):2744-7. 

• Tumor-priming converts 
NK cells to memory-like 
NK cells Marina Palet al. 
Oncoimmunol. 2016.
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NK CELL ACTIVATORY KILLER IMMUNOGLOBULINE LIKE RECEPTORS
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NK CELL ACTIVATORY KILLER IMMUNOGLOBULINE LIKE RECEPTORS

CENTROMERIC TELOMERIC
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Immune reconstitution after MRD depends on KIR donor repertoire 
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Escudero A et al.  BBMT 2018.
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Innate immune (NK cells) and adaptive immune (T cells) compete at reconstitution

NK cells T cells

Time pos HSCT (days) Time pos HSCT (days)

--  A

--  B

Escudero A et al.  BBMT 2018.

CD8 T cells

--  A

--  B
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HSCT clinical case 

Female, 6 year old.
T cell acute lymphoblastic leukemia: 
• Debut in August 2019.
• Intermediate risk group.
• Poor response to prednisone (high risk)
• MRD day +33 (end of Induction IA ) : 22.47% 
• MRD + after end of treatment.
• Haplo-HSCT in April 2020.

HLA genotype of patient

HLA genotype of donor

NK Alloreactivity 

Patient

Donor

C1/C1      Bw6/Bw6

C1/C2      Bw6/Bw4

KIRmismatch

KIR2DL1 ---> C2

KIR3DL1 ---> Bw4

HLA-C1    KIR2DL2

Ligand---> Receptor

KIR2DL2 ---> C1

KIR3DL1 ---> Bw4

KIR2DL1 ---> C2
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Day 0 Day 7

Infusion of 
CD34+

Infusion of 
CD56+

Follow up by flow citometry

Day 163

HSCT clinical case 

Infusion of 
CD45RA-

Day 1

KIRmismatch

KIR2DL1 ---> C2

KIR3DL1 ---> Bw4
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3x10e7/kg non malignant

5x10e7/kg malignant
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Sisinni L et al. BBMT. 2018 Ocanto A et al. CTO. 2019 Pérez-Marttínez A A et al. submitted. 2020
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Gassior M et al. Submitted
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NK cell alloreactivity based in induced self hypothesis

+(NKG2DL) MICA expression
+ NK cell cytotoxicity

Pérez-Martínez A. Exp Hematol 2012. 
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Fernández L et al. Front Oncol 2013.
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NK cell target OIC and prevent migration, invasion and micrometastasis

MDX1338 MDX1338 + NKAE 
cells

Tinción 
CXCR4

Hibridación con 
sondas Alu

Vela M et al. Frontiers Immunology 2019.

CONTROL (no treatment)
NKAEs

CTRL NKAEs 4h NKG2D blocked NKAEs 24h

100μm

B

C D

CONTROL NKAEs

Fernández L et al. Cancer Letter 2016.
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Pérez Martínez A et al. Cytotherapy 2015.

Vela et al. Cancer Letter 2017 González L et al. Submitted 2020

Fernández L et al. Transfusion. 2018

First in human NK cell adoptive therapy for pediatric malignancies

NCT01337544 NCT01944982	and	NCT02074657 NCT02763475

Pre haplo-HSCT

Day 30

Day 90

Progression
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PBMC Células CD3-

Enriquecimiento CD56+

Células CD56+ 
CD3-

Estimulación O/N IL-15

Donante sano

Paciente Paciente

Células CD56+ CD3- 
estimuladas con IL-15

Infusión
si KIR mismatch

Infusión
si KIR match

Separación 
inmunomagnética 

(CliniMACS)

Separación 
inmunomagnética 

(CliniMACS)

Estimulación 
celular 

(CliniMACS 
Prodigy)



• Feasible, Safety, Efficacy, Cheap, Allow combining strategies and timing

• However, limited clinical benefits because

1. Obtaining large numbers of fully activated NK cells can be challenging

2. NK cell exhaustion

3. Limited in vivo expansion

4. Lack of antitumor memory

5. Cryopreservation often impairs functionality 

6. Poor ability to reach solid tumours

7. Suppression by tumour microenvironment (TME)

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

1. Induced memory NK cells

2. Resident memory

3. Bikes, Trikes…

4. CAR-T, CAR-NK
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• Feasible, Safety, Efficacy, Cheap, Allow combining strategies and timing

• However, limited clinical benefits because

1. Obtaining large numbers of fully activated NK cells can be challenging

2. NK cell exhaustion

3. Limited in vivo expansion

4. Lack of antitumor memory

5. Cryopreservation often impairs functionality 

6. Poor ability to reach solid tumours

7. Suppression by tumour microenvironment (TME)

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

1. Induced memory NK cells

2. Resident memory

3. Bikes, Trikes…

4. CAR-T, CAR-NK
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1. NK cell, The living drugs: from cell therapy to advanced cell therapy

2. Missing self hypothesis

3. Induced self hypothesis

4. Memory induced NK cells

5. The T-NK approach
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32

Why using ML-NK-based therapy instead of CAR-T?

1

2

3
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Production of clinical grade NKAE cells in CliniMACS Prodigy

Expansion of NKAE cells by using different aAPC Optimization of cell growth culture media

Use of CD45RA+ cells as source of NK cells to obtain NKAE
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NK

Ctrl-NK

Preactivated

IL-15

IL-15
IL-12
IL-18

6 days
(IL-15 to support survival)

Ctrl-NK

Memory-like
NK

16h
wash

Generating ML-NK cells

a) To obtain blood sample or buffy coat

b) NK cells purification with RosetteSep kit (manufacturer instructions)

c) NK cells culture with ILs: 

• 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

e) Culture NK cells (IL-15 1ng/mL for both) at 3-5x106 c/mL

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

g) Day 6: cells diferentiated to ML-NKs

Day -1

Day 0

Day 6
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NK cells at day 6 of differentiation
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1. NK cell, The living drugs: from cell therapy to advanced cell therapy

2. Missing self hypothesis

3. Induced self hypothesis

4. Memory induced NK cells

5. The T-NK approach
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NKG2D CAR as therapeutic approach for pediatric tumors Inmunoterapia basada en células NK

    



NKG2D CAR as therapeutic approach for pediatric tumors

The T-NK approach a multiple targets model (NKG2DL)

IL-2
IFN-γ
Bcl-x(L)

NKG2D 
ChNKG2D 

DAP10 4-1BB

CD3ζ

CD8a TM

CYTOTOXICITY
CYTOKINES RELEASE

PI-3K

ENHANCED CYTOTOXICITY AND CYTOKINES 
RELEASE

CD3NKG2D
CD
8

4-1BB

Duan S. et al. Mol. Cancer 2019
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Dr. Antonio Pérez-Martínez 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 Española de Hemato-Oncología Pediátrica.

Dra. Lucía Fernández, Centro Nacional de Investigaciones Oncológicas (CNIO)
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Madrid, 17 de julio de 2019

” Phase I Trial of Memory T Cells Expressing and anti-NKG2D CAR T in Children, Adolescents and Young Adults with Advanced 
Sarcoma (CAR4SAR)”
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”Phase II 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)”
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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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