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Immune System and Natural Killer Cells
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Natural Killer Cells - Function and Response

• Lymphocytes in the same family as T and B cells, originating from a common progenitor.

• Rapidly respond to a wide variety of pathological challenges.

• Kill virally infected cells, detect and control early signs of cancer.

• Secrete proinflammatory cytokines to enhance the immune response.

• Kill tumor cells without priming, prior activation or antigen presentation.
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Natural Killer cells - The Next Great Cancer Immunotherapy

“CAR natural killer (CAR-NK) cells could be safer, faster to produce, and 

cheaper, and they may work in situations where T cells falter” Science. Sep 13,2018 
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T Cells NK Cells

“Off the shelf” No - Autologous T Yes - Allogeneic donor NK

ICANS yes None/Safe

GVHD Limited- Requires patient autologous cells None/Safe

CRS Yes None/Safe

Life Span Unlimited (+/-) Short (+/-)

Heterogeneous 

Cancer Applicability

Cannot eradicate highly heterogeneous 

tumors

Natural tumor identifying 

receptors- overcoming antigen 

shedding/loss

Manufacturing Expensive, long duration and cumbersome Faster and cheaper to produce

Patient Safety High Risk- Leukapheresis-Transfused back 

~3 weeks

Low Risk

Cells Availability Not Always- Defective immune system Always- Allogeneic healthy donor 

On-target/Off-tumor Major Manageable

Chimeric Antigen Receptor- T Vs NK
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• Different systems - viral and nonviral technologies

• Many viral vector systems have been developed however the transduction 

efficiency in NKs is less superior than those developed for T cells

• GMP-grade viral vector production for clinical therapy is cost intensive and 

requires high safety standards 

• During the last decade mRNA electroporation has increasingly been used for NK 

cell genetic modification

• Significantly high expression of CD19-CARs in NK (cell lines and primary) were 

achieved by using mRNA with minimal effects on cell viability 

NKs Genetic Modifications



C O N F I D E N T I A L10

CAR-NK in Clinical Trials

G. Xie et al. / EBioMedicine 59 (2020) 102975

All clinical trials using peripheral blood (PB) NKs to express CARs were generated 

using mRNA electroporation
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• No transgene integration into the genome 

• Homogenous protein expression

• High transfection efficiency 

• Rapid expression of protein

• Transiency of the expression (+/-)

• Absence of an influence on cell viability 

• Ability to introduce several proteins at the same time 

• Scalability of the method

• GMP compatibility

mRNA Electroporation 

This method creates a highly reproducible and easy-to-validate 

product that can be used for cellular immunotherapies

mRNA

mRNA

mRNA

mRNA

mRNA
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• Peripheral blood NKs are highly functional and cytotoxic; however, they are in their 

last lineage stage and display elevated markers of exhaustion

• Nicotinamide (NAM), a vitamin B3 derivative, is the key component in culturing 

Gamida-Cell NKs

• NAM rejuvenates NKs during expansion and cryopreservation

• Clinical responses have been observed in a phase 1 trial of GDA-201 (Gamida-Cell 

NAM-NKs) in patients with refractory non-Hodgkin lymphoma (Bachanova, et. al., 

Blood 134:777, 2019)

Gamida-Cell ‘Off-The-Shelf’ Peripheral-Blood NKs
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Gamida-Cell ‘Off-The-Shelf’ NAM-NK Manufacture

Highly functional 

NK cells:

~50-100 billion NK 

cells with purity >99%

DAY 14

Seed CD3- cells from 

apheresis material 

DAY 0

Allogenic NK 

cells collected 

by apheresis

HEALTHY DONOR

Proprietary 

expansion with 

NAM +IL-15

+ autologous 

irradiated CD3+

feeder cells 

Proprietary 

cryopreservation 

and infusion ready

NAM rejuvenates NKs during expansion and cryopreservation

GDA-201
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‘Off-The-Shelf’ mRNA-Manipulated NAM-NKs

Highly functional 

NK cells:

~50-100 billion NK 

cells with purity >99%

DAY 14

Proprietary 

cryopreservation 

and infusion ready

mRNA NAM-NK electroporated at harvest  

mRNA 

Electroporation
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Gamida-Cell Chimeric Antigen Receptor mRNA Constructs

Her2 Single-Chain Variable Fragment (scFv)

Hinge

Transmembrane

Co-stimulation

Activation

Gamida-cell developed multiple CAR-NKs to target and activate NKs 

against Her2+ tumors

GDA-501: aHer2 CAR NK
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GDA-501: NAM-NK aHer2 mRNA CAR Construct

The CAR construct is expressed by NK cells and recognizes the Her2 protein 

Electro’ efficiency
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GDA-501 Enhances Activity Against a Her2 Tumor 

Expressing Cell Line

aHer2 CAR-NKs upregulate the degranulation marker CD107a and expression of inflammatory 

cytokines when cultured with SKOV3

TNFa
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5:1
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GDA-501 Increases Killing Against a Her2 Tumor 

Expressing Cell Line

NK electro’

GDA-501

NK control

Killing assay - 24h and 48h after the electroporation followed by a 6hr co-culture of NK cells with

SKOV3 cell line

24h Post Electro’

5:1

0

20

40

60

80

K
il
li
n

g
 (

%
)

✱✱✱

✱✱✱

✱✱✱

*, P ≤ 0.05; **, P ≤ 0. 01. ***, P ≤ 0.001. ****, P ≤ 0.0001. ns, not significant



C O N F I D E N T I A L21

CISH

• CISH is a key suppressor of IL-15 signaling which acts as negative feedback loop

• CISH deletion increases sensitivity to IL-15 by lowering the NK activation threshold

IL-15

• The lack of persistence of infused NK cells is a principal limitation of adoptive 

immunotherapy

• The most important cytokine for NK activation, persistence, and proliferation

• NKs equipped with membrane-bound IL-15 (mbIL-15) will be fully autonomous and 

will obviate the need for patient IL-2 administration regimen

Combining CISH KO with mbIL-15 mRNA can improve NK activation, 

persistence and killing capacity 

Combined Genetic Engineering

CISH Knockout & mRNA Membrane-bound IL-15 Expression
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GDA-301: CISH KO & MbIL-15 

Combined Genetic Approach

GDA-301

Healthy donor

Peripheral Blood NK
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GDA-301 Enhances Activity Against a

Chronic Myelogenous Leukemia Cell line (K562)  
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GDA-301 Increases the expression of pro-inflammatory cytokines when cultured with K562
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GDA-301 Enhances Cytotoxicity Function Against a

Multiple Myeloma Cell line (RPMI)  
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GDA-301 Increases the expression of pro-inflammatory cytokines when cultured with MM RPMI
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Ratio: 5:1
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GDA-301 Increases the killing capacity, 24 h post electro’ when cultured for 6h with MM RPMI
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• The evolving field of NK cellular immunotherapy is modifying what has been learned 

from T cell gene editing and applying said knowledge to NK cell manipulation 

• Gamida-Cell utilizes mRNA delivery by electroporation, enabling highly efficient 

expression of cytokines, and CAR constructs into NAM-expanded, allogeneic NK cells

• This technique can be easily applied to generate improved “off-the-shelf” NK cancer 

therapeutics

• Gamida-cell NK mRNA gene engineering allows manipulations that hold the 

potential for efficient and safe clinical immunotherapy applications

Summary
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