
Melita Irving

Ludwig Institute for Cancer 
Research 

Department of Fundamental 
Oncology

University of Lausanne

Nov 28th, 2025

Engineering Function and Safety into CAR T cells for 
Cancer Immunotherapy



Adoptive T cell therapy (ACT) of cancer 

TIL Therapy FDA approval 

against melanoma in Feb 2024

(first developed in the 1980s!)

Emily Whitehead: first pediatric patient

treated with CAR T-cell therapy in 2012

FDA approval of TCR-T for treating

sarcoma in June 2024

7 FDA approved CAR T cell products since 2017

CR of up to 86% for CD19 CAR therapy of B-ALL 



Challenges to adoptive T cell therapy of solid tumors

From Lanitis, Dangaj, Irving & Coukos. Mechanisms regulating T-cell 

infiltration and activity in solid tumors. Annals of Oncology 2017

Å Homing & infiltration/penetration

Å Antigen escape 

Å Chronic antigen exposure & insufficient 

costimulation (exhaustion)

Å Inhibitory receptors & molecules (suppressive 

infiltrate & tumor cells)

Å Limited nutrients & oxygen, low pH, toxic 

metabolites

Å Toxicity (CRS, on-site/off-tumor reactivity etc.)



Advantages of engineering T cells for cancer immunotherapy

ÅT cells can directly kill tumor cells and harness endogenous immune infiltrate (e.g., via IFNg secretion)

Åcan be efficiently engineered by both viral and non-viral means to overexpress or knockout a gene(s)

Åcan be constitutively or inducibly enforced to express multiple genes 

Åmigrate along the vasculature to circulate throughout the body and penetrate deep into tissues

Åexpand in the patient (best if transferred in a less differentiated state like TCM)

Åare a óliving drugô that can generate memory and thus foster long-term immunity in patients 



Strategies we are taking for improving T-cell therapies

T cell coengineering and combinatorial treatmentsReceptor design Gene-engineering tools

Pre-clinical testing in syngeneic tumor models



IMPROVING CHIMERIC ANTIGEN RECEPTOR (CAR) DESIGN



2G versus remote-control CAR designs

Å classic 2G CARs link tumor antigen binding to T-cell activation in a single receptor

Å óremote controlô CAR designs dissociate tumor antigen binding (scFv) & T-cell activation on 2 
separate chains and a small molecule is required to switch on or off remote-control CARs

Å remote control CAR designs can help mitigate toxicity and T-cell exhaustion by transient resting



Chemically disruptable heterodimer (CDH)

Å proteins of human origin with minimal deviation from wild-type 
sequence

Å proteins that are well-packed

Å proteins that will not interfere with synapse proximal T-cell 
signaling

Å commercial availability of drugs that have a long half-life and are 
well-tolerated

Å design: Bcl-xL and human scaffold protein engrafted with critical 
binding residues of the BH3 domain of BIM

Prof. Bruno Correia

PROTEIN B

PROTEIN A

17nMDK   ~

Design1

N/DDK   

Design 2

 0.004 nM DK   ~

Design3

Computational

design

Apolipoprotein E4 scaffold 

identifed by Motifgraft

Dr. Pablo Gainza

2020

STOP-CAR Design



STOP-CAR T cells

Greta Giordano Attianese
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Å Disruptive small molecule is not clinically approved 

(A1155463)

Å CDH is of very high affinity ï can this interface be 

optimized for stable CAR assembly & efficient disruption?

Å Can the CDH be moved to the extracellular region for 

disruption with lower concentrations of drug?

Å CAR T cell and tumor target cell contact is not broken ï 

would it be better to disrupt it?

Small molecule co-administration reversibly disrupts tumor control by 

STOP-CAR but not 2G CAR T cells

STOP-CAR T cells regain function upon small molecule withdrawal



Drug-Regulated Off-switch PPI (DROP)-CARs 

Scheller, Giordano Attianeseé.Correia & Irving (accepted, Nat 

Chem Biol) doi.org/10.1101/2024.08.06.606454

Library screening to develop a stable CDH interface readily 
disrupted by venetoclax (in collaboration with Sai Reddy lab, 

ETH)

Avidity measurements (LUMICKS) demonstrate that venetoclax 

breaks cell-cell contacts (in collaboration with Markus Barden & 

Hinrich Abken)

Greta Giordano Attianese
Leo Scheller

(Correia lab, EPFL)



DROP-CAR  T cells 

Drop-CAR T cells can be efficiently shut-off with venetoclax both in vitro and in vivo

Greta Giordano Attianese



Inducible ON-CAR development: iON-CAR
2024

Å ON-CAR T cells are only 

responsive to target tumor cells in 

the presence of venetoclax

Å ON-CAR T cells lose reactivity 

against target cells 48 h post 

venetoclax withdrawal

Greta Giordano Attianese

Sailan Shu

(Correia lab, EPFL)



Å A degron was introduced into the S-chain 

(inspired by by Jan et al 2021, STM & 

Carbonneau et al 2021, JChemBiol

Å iONq -CAR T cells are only responsive against 

target tumor cells in the presence of venetoclax

Å iONq -CAR T cells can be shut off within 4-6 

hours of lenalidomide administration

All-in-one inducible ON-OFF CAR design: iONq-CAR



TCR affinity optimization and enforced chain pairing for augmetning T-cell function

Prof. Olivier Michielin

Prof. Vincent Zoete

Adapted from Schmid, 

Irving et al, JI 2010 and 

Irving et al, JBC 2012 
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By computational, structure-based design we 

developed a panel of increasing affinity TCRs

TCRs in the upper range of natural affinity (5-1 mM) augmented the 

function of T cells, both in vitro and in vivo

Beyond the óaffinityô threshold T-cell function was abrogated 

(impaired serially triggering)

Affinity

Affinity

Affinity Affinity

A B C

D E FIncreasing affinity

Morteza Hafezi

Hafezi et al, manuscript in revisions, Nature Biotechnology

Killing TCR expression



T CELL COENGINEERING STRATEGIES



T-cell coengineering solutions to counteract the suppressive TME

Å Inhibitory receptors & molecules: coengineer T cells to secrete decoys or switch receptors, 

or immunomodulatory molecules to reprogram the TME (e.g. TGFb decoy, switch receptor, 

dominant negative receptor or preprogramming M2 to M1 macrophages etc.)

Å Insufficient costimulation: activate APCs: coengineer T cells to to express costimulatory 

ligands like CD40L, or to secrete various cytokines

Å T-cell exhaustion:  gene knockouts or transcription factor overexpression, CAR design that 

can allow transient resting (e.g. remote-control ON- or OFF-switches)

Å Poor metabolic fitness: overexpression of transporters (i.e. for amino acids or glucose), or 

of PGC1a to stimulate mitochondrial biogenesis etc.

Å Toxicity: ON- or OFF-switch CAR designs (transient rest can also abrogate exhaustion) and 

suicide switches

Å Homing & infiltration: coengineer T cells with chemokine receptor and target the stroma 

(e.g. aFAP CAR)

Å Antigen escape: coengineer T cells to secrete BiTEs to activate bystander T cells

From Giordano Attianese, Ash & Irving. Coengineering specificity, safety and function into 

T cells for cancer immunotherapy, Immunological Reviews 2023. 

Å support transferred T cells and/or promote endogenous 
immunity (i.e., TME re-programming)

Å gene-overexpression

Å gene-knock-down

Å inducible systems for enhanced safety



Optimizing tools for pre-clinical testing in syngeneic tumor models

Evros Lanitis

2021
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Benefits of IL-15 coengineering

Higher levels of tumor infiltrating 4G CAR T cells 
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Overcoming glucose competition in the TME: enforced GLUT3 expression

Elisabetta Cribioli

Cribioli,é..Irving* & Coukos*, Enforcing GLUT3 

expression in CD8+ T cells improves fitness and 

tumor control by promoting glucose uptake and 

energy storage, Frontiers in  Immunology 2022



Targeting the CD47/SiRPa ódonôt eat meô axis in tumors with CV1 decoy-
engineered T cells

2024

Evangelos Stefanidis

Å CD47 prevents phagocytosis of healthy cells and has been coopted by my cancers as 

an innate immune checkpoint
Å A2/NY TCR-T cells coengineered to secrete a high affinity variant (CV1) of SiRPaïFc 

robustly control tumor outgrowth

Å The coengineered T cells failed in a subcutaneous tumor model
Å The problem: T cells become coated by CV1ïFc and are depleted by macrophages, 

both in xenograft and syngeneic tumor models

SiRPa decoy = blocks ódonôt eat meô

Fc = ócome eat meô



Suppression of T cells under acidic conditions

Å Extracellular acidity  Ȣintracellular pH

Å Upon re-activation, acidity significantly  ȢCD8+ T-cell proliferation, cytokine 

production and cytotoxicity (for low affinity TCR)

Å Upon re-activation, acidity  ᴻactivation threshold

Å Lowering pH reduces IL-2/IL-2R binding leading to  Ȣglobal IL-2R signaling

Å Proliferation defects are linked to  ȢIL-2 responsiveness

Å Acidity Ȣ c-Myc accumulation and mTORC1 pathway

Å Acidity Ȣ glutamine/glutamate/aspartate drop &  ᴻproline

Romain Vuillefroy de Silly

2024



OPTIMIZATION OF ENGINEERING TOOLS



Viral vectors for coengineering T cells

T2A, P2Aéor IRES for constitutive co-expression:

IRES: disadvantage is its large size and lower expression of downstream 

gene

2A: disadvantage is  undesired biological effects of the additional peptide 

residues that can be left behind either the upstream or the downstream ORF



Limiting transgene expression to the TME 2023

Patrick Reichenbach &

Greta Giordano Attianese

Interference

Promoter leakiness

Best configuration but very low viral titers!!


