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Natural immunity Adaptive immunity
PAMPs/DAMPs/PRRs Ags/TCRs/BCRs

• specificity
• diversity
• self/non-self discrimination
• memory

• ready-to-use
• rapidity
• cross-reactivity 

• plants
• invertebrates
• vertebrates

• arisen 500 million years ago 
• confined to vertebrates

1 bacterium (1 hour doubling time) à 20 million progeny in one day

innate 1 week to develop
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Comparison of unconventional and MHC-restricted T cell  responses

Godfrey DI, et al., Nat Immunol. 2015 Nov;16(11):1114-23



Recognition of unconventional ligands by unconventional T cells 

TCR -dependent TCR –independent 
Non-self molecules Self-ligands
Pathogens Stress-induced Physiological stress
Commensals Constitutive expression 

in healthy tissues
Injury

Environment Infection/malignancy

Kaminski H et al., Nat Rev Nephrol. 2021 Dec;17(12):795-813. 



Comparison of active cell therapy trial landscape in 2019, 2020, and 2021.

Upadhaya S, et al., Nat Rev Drug Discov. 2021 Jul;20(7):503-504. 
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Vantourout P,et al., Nat Rev Immunol. 2013 Feb;13(2):88-100.

Immune functions of gd T cells



de Araújo ND et al., J Immunol Res. 2021 Jan 7;2021. 

gd T cells

zoledronic acid (ZA) + IL2



Xu Y et al., Cell Mol Immunol. 2021 Feb;18(2):427-439. 

Workflow of allogeneic Vg9Vd2 T-cell immunotherapy
zoledronic acid (ZA) + IL-2

IL-15; vitamin C



Xu Y et al., Cell Mol Immunol. 2021 Feb;18(2):427-439. 

Investigator-initiated trial with allogeneic Vg9Vd2 T cells 
in late-stage cancer



OS  in pts with advanced liver cancer or lung cancer infused 
with allogeneic Vγ9Vδ2 T cells

Xu Y et al., Cell Mol Immunol. 2021 Feb;18(2):427-439. 



γδ T-cell recruitment by a bispecific antibody for AML  treatment

Ganesan R et al., Leukemia. 2021 Aug;35(8):2274-2284. 
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Carlsten M et al., Front Immunol. 2019 Oct 11;10:2357.

Expression of activatory and inhibitory receptors in NK cells



Karmakar S et al., Immunotargets Ther. 2021 Nov 1;10:387-407. 

Strategies to reinforce NK-cell anti-tumor immunity



Felices M et al., Methods Mol Biol. 2016;1441:333-46. 

BiKEs and TriKEs  redirected NK-cell mediated anti-tumor  activity 



Demaria O et al., Eur J Immunol. 2021 Aug;51(8):1934-1942. 

Signaling pathways NK cell engagers



Demaria O et al., Eur J Immunol. 2021 Aug;51(8):1934-1942. 

Second generation  TriKEs



Fabian KP et al., Mol Ther Oncolytics. 2021 Oct 16;23:266-276. 

Off-the-shelf engineered NK cells for cancer immunotherapy





de Araújo ND, et al., J Immunol Res. 2021 Jan 7;2021:6633824

NKT cells



Nelson A et al., Cancers (Basel). 2021 Oct 15;13(20):5174. 

Immune interactions of iNKT cells in the TME



Nelson A et al., Cancers (Basel). 2021 Oct 15;13(20):5174. 



NKT cells (type I) gd T cells ab T cells NK cells
Gene editing to remove TCR No No Yes No
Blood frequency 0.1% of T cells 5-10% 45-70% 5-20%
GVHD potential Low Low High Low
Additional tumor specificity Yes Yes No Yes
Primary location Tissues & Blood Tissues or Blood Blood Blood
Proliferation post-activation Yes Yes Yes No
Memory persistence Yes No (?) Yes No

Comparison of the Various Approaches to Off-the-Shelf CAR-Based 
Product Development.

Theoharis S et al., J Pharm Sci. 2021 May;110(5):1909-1914. 



Manufacturing   “off-the-shelf” allogeneic CAR T cells

Depil S et al., Nat Rev Drug Discov. 2020 Mar;19(3):185-199. 



Qasim W et al., Sci Transl Med. 2017 Jan 25;9(374):eaaj2013. 

11-month-old  infant 16-month-old  infant



Sebestyen Z et al., Nat Rev Drug Discov. 2020 Mar;19(3):169-184. 

Genetic engineering  to empower  ab T cells with unconventional  T-cell  
properties 



Pros Cons
Gene Editing Continuity vis-à-vis autologous CAR-T 

technology
Limitations to manufacturing yields

More than one gene can be deleted Increased complexity and  cost of 
manufacturing process
Potential of insertional mutagenesis  is 
less  well understood

Different cell types No GVHD and no need for gene editing Less well understood biology
Native specificity for some tumor antigens Small(er) numbers in blood

Feeder cells may be necessary

Comparison of the Different Approaches to Allogeneic CAR-T Development

Theoharis S et al., J Pharm Sci. 2021 May;110(5):1909-1914. 



adapted from Sebestyen Z et al., Nat Rev Drug Discov. 2020 Mar;19(3):169-184.

NKG2D
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NKG2D
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NKG2D

dual recognition triple recognition





Engeneering  CAR-NKT cells to improve  antitumor activity  
and in vivo persistence



Depil S et al., Nat Rev Drug Discov. 2020 Mar;19(3):185-199. 

Persistence of CAR T cells and tumor evolution
Autologous CAR T Allogeneic  CAR T



Number of CAR-T cell therapies administered in US clinical practice tracked 
along with COVID-19 cases.

Upadhaya S, et al., Nat Rev Drug Discov. 2021 Jul;20(7):503-504. 




