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How do T cells see?

Joglekar & Li, Nature Methods 2020 Garboczi et al Nature 1996

TCR-peptide-HLA-A2 complex



T cell signal 1: TCR activation
APC
antigen-presenting cell

Lck
lymphocyte-specific 
protein tyrosine kinase

ITAM
immunoreceptor tyrosine-based
activation motif

Abbas et al, Cellular and Molecular Immunology



T cell signal 2: CD28 co-stimulation

Acuto & Michel 2003



First chimeric receptor: V portion from 
antibody and C portion from TCR- “IgTCR”

Yoshikazu Kurozawa

Kwana et al, BBRC 1987

1987



"First” to add a single-chain variable fragment 
(scFv) to T cell-activating receptors – “T-bodies”

Gross et al, PNAS 1989Zelig Eshhar

All mouse

1989



First chimeric T cell-activating receptor 
Irving & Weiss, Cell 1991Art Weiss

1991



First to add a single-chain variable fragment 
(scFv) to B cell-acBvaBng receptors

Eshhar et al, PNAS 1993Zelig Eshhar

1993



First to test chimeric antigen 
receptors (CARs) in primary human 
T cells (Gallardo et al, Blood 1997)

First to achieve sustained T cell 
expansion and function by adding 
the costimulatory molecule CD28 
(second generation CAR – 28z)
(Maher et al, Nat Biotech 2002)

Michel Sadelain

1997-2002



Human T-lymphocyte cytotoxicity and proliferation 
directed by a single chimeric TCRζ /CD28 receptor

Maher et al, Nat Biotech 2002



Chimeric antigen receptor (CAR)

TCR/CD28 Activation CAR Activation



The CAR T cell therapy paradigm

Freyer JACI 2020 cartcellscience.com



TCR vs. CAR

Raffin Nat Rev Immunol 2019



CARs redirect T cells to new targets



FDA approved CAR T cell therapies

NCI



CAR T cell 
therapy 

regimens

Study Name 1st Author Year Clinical 
Phase

Generic Name CAR Design Indication Number of 
patients 
infused

Age Dose

Tisagenlecleucel in Adult Relapsed  or Refractory 
Diffuse Large B-Cell Lymphoma 

Schuster 2019 2 Tisagenlecleucel 
(CTL-019)

FMC63-8-8-41BBz NHL (DLBC) 111 56 (22–76) 5.8 x 106/kg (3.7-8.9)

Tisagenlecleucel in Children and Young Adults 
with B-Cell Lymphoblastic Leukemia

Maude 2018 2 Tisagenlecleucel 
(CTL-019)

FMC63-8-8-41BBz Pediatric ALL 75 11 (3-23) 3.1 x 106/kg (0.2-5.4 )

Chimeric Antigen Receptor T Cells in Refractory 
B-Cell Lymphomas

Schuster 2017 1 Tisagenlecleucel 
(CTL-019)

FMC63-8-8-41BBz NHL 28 59 (25-77) 1.79-5 × 106/kg

Chimeric antigen receptor T cells persist and 
induce sustained remissions in relapsed 
refractory chronic lymphocytic leukemia

Porter 2015 1 Tisagenlecleucel 
(CTL-019)

FMC63-8-8-41BBz CLL 14 66 (51-78) 1.6 x 108 (0.14-11)

Long-term safety and activity of axicabtagene 
ciloleucel in refractory large B-cell lymphoma 
(ZUMA-1): a single-arm, multicentre, phase 1–2 
trial

Locke 2019 1/2 Axicabtagene 
ciloleucel          
(KTE-C19)

FMC63-28-28-28z NHL 108 58 (34-69) 2 x 106/kg

End of phase I results of ZUMA-3, a phase 1/2 
study of KTE-X19, anti-CD19 chimeric antigen 
receptor (CAR) T cell therapy, in adult patients 
(pts) with relapsed/refractory (R/R) acute 
lymphoblastic leukemia (ALL)

Shah 2019 1/2 Axicabtagene 
ciloleucel           
(KTE-C19)

FMC63-28-28-28z ALL 45 46 (18 – 77) 0-5-2 x 106/kg

T cells expressing CD19 chimeric antigen 
receptors for acute lymphoblastic leukaemia in 
children and young adults: a phase 1 dose-
escalation trial

Lee 2017 1 Axicabtagene 
ciloleucel         
(KTE-C19)

FMC63-28-28-28z Pediatric ALL 21 13 (5-27) 0.03-3 x 106/kg

Lymphoma Remissions Caused by Anti-CD19 
Chimeric Antigen Receptor T Cells Are 
Associated With High Serum Interleukin-15 
Levels

Kochenderfer 2017 1 Axicabtagene 
ciloleucel          
(KTE-C19)

FMC63-28-28-28z NHL 22 53 (26-67) 2 x 106/kg (1-6)

Pivotal Safety and Efficacy Results from 
Transcend NHL 001, a Multicenter Phase 1 
Study of Lisocabtagene Maraleucel (liso-cel) in 
Relapsed/Refractory (R/R) Large B Cell 
Lymphomas

Abramson 2019 1 Lisocabtagene 
maraleucel 
(JCAR17)

FMC63-I4-28-
41BBz-EGFRt

NHL 268 63 (18-86) 5 x 107 - 108

Intent-to-treat leukemia remission by CD19 CAR 
T cells of defined formulation and dose in 
children and young adults 

Gardner 2017 1 Lisocabtagene 
maraleucel 
(JCAR17)

FMC63-I4-28-
41BBz-EGFRt

Pediatric ALL 43 12.2 (1-25) 106/kg (0.05-10)

Immunotherapy of non-Hodgkin’s lymphoma 
with a defined ratio of CD8+ and CD4+ CD19-
specific chimeric antigen receptor–modified T 
cells 

Turtle 2016 1 Fred Hutchinson 
Cancer Center 

(JCAR14)

FMC63-I4-28-
41BBz-EGFRt

NHL 32 58 (36-70) 2 x 106 /kg(0.2-20)

CD19 CAR–T cells of defined CD4+:CD8+ 
composition in adult B cell ALL patients

Turtle 2016 1 Fred Hutchinson 
Cancer Center 

(JCAR14)

FMC63-I4-28-
41BBz-EGFRt

ALL 30 40 (20-73) 2 x 106 /kg(0.2-20)

Durable molecular remissions in chronic 
lymphocytic leukemia treated with CD19-
specific chimeric antigen receptor-modified T 
cells after failure of ibrutinib

Turtle 2017 1 Fred Hutchinson 
Cancer Center 

(JCAR14)

FMC63-I4-28-
41BBz-EGFRt

CLL 24 61 (40-73) 2 x 106 /kg(0.2-20)

Ferreira & Muller Front Immunol 2021



CAR T cell targets being pursued

Creative BioMart



CD28 TM domain CARs interact with CD28

Muller et al Front Immunol 2021

Anti-CD28 activation



CAR transmembrane domains matter

Muller et al bioRxiv 2020



CAR hinge domains matter

Muller et al Front Immunol 2021



CAR transmembrane and hinge domains 
are associated with CAR T cell toxicity

Ferreira & Muller Front Immunol 2021



How well do CARs work in Tregs?



Type 1 diabetes

More glucose 
in the blood

Pancreas cannot 
produce insulin

Autoreactive T 
cells destroy 
the pancreas



Treating type 1 diabetes using CAR Tregs

More glucose 
in the blood

Pancreas cannot 
produce insulin

CAR Tregs 
suppress 
autoreactive 
T cells



Treating type 1 diabetes using CAR Tregs

Glucose

Pancreas produces 
insulin

Insulin stimulates 
glucose uptake



Islet transplant as a treatment for T1D

McGill University



Anti-HLA-A2 CAR Tregs for HLA-A2+ 
islets transplants to treat T1D 

HLA-A2 Alloreactive & 
autoreactive 

T cells destroy 
the islets

A2-CAR Tregs 
suppress 

aggressive 
T cells



Human Treg purification from peripheral blood

FOXP3 – forkhead box protein 3 (Treg development, suppresses IL-2 expression)
SHMT2 – serine hydroxymethylase 2 (respiration, controls formylmethyonine tRNA production, 1C metabolism in T cells)
SWAP70 – switch associated protein 70 (binds PIP3, mediates membrane ruffling signaling, associates with cytoskeleton)

Treg signature

Cuadrado et al Immunity 2018

Treg sorting

Sorting based on Liu et al J Exp Med 2006



Grafting A2-CAR scFv specificity

Muller, Ferreira et al, Front Immunol 2021



A2-CAR Tregs recognize HLA-A2 

CAR expression Treg activation

Muller, Ferreira et al, Front Immunol 2021



Immunogenic eplets in HLA-A2

Hönger et al HLA 2020



A2-CAR Tregs recognize the 144TKH 
eplet, not 44RME, 105S or 127K

A2-CAR Tregs co-incubated with allogeneic human islets
44RME: A11, A24, A31
105S: A24, A31 
127K: A24 Muller, Ferreira et al, Front Immunol 2021



Reprogramming Treg specificity

Muller, Ferreira et al, Front Immunol 2021



A2-CAR Tregs suppress Teff cell proliferation

Muller, Ferreira et al, Front Immunol 2021





A2-CAR Tregs prevent graft-vs-host disease

Muller, Ferreira et al, Front Immunol 2021



A2-CAR Tregs traffic to A2+ human islet grafts

Luciferase+

A2-CAR Treg 
i.v. injection

Human 
A2+ islet 

transplant

Kidney 
capsule 

exposure

Muller, Ferreira et al, Front Immunol 2021



2022 Universitätsklinikum Erlangen, Erlangen, Germany 

“Cabaletta has established an exclusive 
translational research partnership with Dr. 
Georg Schett, a pioneer and global leader 
in the application of CD19-targeting cell 
therapies in autoimmunity.”



CAR T cells as programmable living nanobots 
to keep every disease at bay

Lara Crow/Springer Nature Limited


