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Adoptive

TIL Therapy FDA approval
against melanoma in Feb 2024
(first developed in the 1980s!)
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Ce” therapy (ACT) Of CancCefrpa approved CAR T cell products since 2017

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

Adoptive T cell transfer
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Emily Whitehead: first pediatric patient
treated with CAR T-cell therapy in 2012

FDA approval of TCR-T for treating
sarcoma in June 2024
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Accelerated Approval of TECELRA®
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Approved Engineered Cell Therapy for a
Solid Tumor
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Challenges to adoptive T cell therapy of solid tumors

Hostile Environment

Immunosuppressive Immune Infiltrate - hypoxic, acidic, nutrient depleted,

and Tumor Cells toxic metabolites

-Tregs, MDSCs, TAMs, TANs efc. . . g . )
rean TEE e e 2 A Homing & infiltration/penetration

Suppressive Molecules
- IL-10, TGFJ}, adenosine,
PGE,, etc.

Suppressive Receptors A Antigen escape

- PD-L1/L2, VISTA, etc.

A Chronic antigen exposure & insufficient
Inhibitory Enzymes

, B diaa costimulation (exhaustion)
Lack of Co-Stimulation
- T cell intrinsic dysfunction,
PD-1, LAG-3, Tim-3, elc. upregulation = g - .
end Sipprontive sioneling PMHC Downregulation A Inhibitory receptors & molecules (suppressive
- genetic or epigenetic
.Aat:::l;a“:‘t l‘;’.:g,’.! ff::::ﬂ.ﬂ,ion‘ Mismatched Chemokine Networks Infl Itrate & tumor Ce”S)
B B et ssies Ty e ok ool . : .
s ¥ A Limited nutrients & oxygen, low pH, toxic

Neutrophil

Tumor Associated Immature Dendritic cell
Macrophage

Myeloid Derived

| @ Treguiatorycoll Suppressor cell (Syf) POL" Tumor cols A Toxicity (CRS, on-site/off-tumor reactivity etc.)

i
: . Dysfunctional CD8* T cell @ Tumor Associated O. Mismatched Chemokines: m etab OI | teS
:
|}

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

infiltration and activity in solid tumors. Annals of Oncology 2017 LUDWIG
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Advantages of engineering T cells for cancer iImmunotherap

A T cells can directly kill tumor cells and harness endogenous immune infiltrate (e.g., via IFNg secretion)
A can be efficiently engineered by both viral and non-viral means to overexpress or knockout a gene(s)
A can be constitutively or inducibly enforced to express multiple genes

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

A expand in the patient (best if transferred in a less differentiated state like T¢y,)

Aare a o6living drugdo that can -greimenundtyirepatieresmor y and t

éLmiél,f LUDWIG
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Strategies we are taking for impresefidhlerapies

Receptor design T cell coengineering and combinatorial treatments Geneengineering tools

Hostile microenvironment
(low oxygen & nutrients, acidic pH, build-up of toxic
metabolites) Next-generation CAR T cells

STOP-CAR

receptor chain

disruptive (ﬂ ngssﬂfffllllearlttion ‘
molecule / (by DCs) Retrovirus Lentivirus
immunomodulatory
(" Limited tumor molecule ‘
trafficking & infiltration | Chronic p
: )= of cytolytic T cells antigen { ) ‘ ‘/jL 5% m 10
‘Chemically . ; exposure = : » '
disruptable (chemokine:chemokine ‘ T s MK MK
heterodimer' receptor mismatch,
(CoH) = aberrant tumor Anti translation CRISPR/Cas9 Transposon/
] vasculature) : ntigen Transposase
signaling chain 0ss i 6XNFAT - T i
) ranscription
> - / Stromal ‘
= barriers activation DPOD T-cell
Suppressive immune infiltrate (CAFs, ECM) isolation
HLA- (Tregs, MDSCs, TAMSs), molecules .
p (TGFB, adenosine, PGE;), & A Y @
receptors (PD-L1, PVR/CD155) '\f\ Q‘,;@; E
‘ :@:”e'
TCR . . . . . CAR T-CG" ) T-cell
- Preclinical testing in syngeneic tumor modelStanster @ e
V « " 2 engineering
cp3 | Y PR
signaling 11 ' ./47 = §ﬂf§‘ il
[ , _
complex L 11 CAR T-cell % ,$§
expansion "

EE CD8 coreceptor
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IMPROVING CHIMERIC ANTIGEN RECEPTOR (CAR) DES
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2G versus rematentrol CAR designs

T cell receptor (TCR) Second Generation (2G) CAR ON-CAR
Receptor
cD8 Tumor antigen chain Dimerizing
coreceptor small molecule
)
scFv Signaling @
® chain
_ Linker/hinge 1, ™ transmembrane N e A
?? domain
cD3 B N N N CcD28 @
complex || |l 0r41BB! (Signal 2) ? ?
CD3T = 1 -
a . (Signal 1) |

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

Oremote control 6 CAR designs di s salbactimatiom ont2Zu mor a
separate chains and a small molecule is required to switch on or off remote-control CARs

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

Chemically disruptable heterodimer (CDH)

LETTERS

namre
httpsyfdoi.ong/ 101036/ 41587-019-0403-9 2020 biomndogy

There are amendments to this paper A

proteins of human origin with minimal deviation from wild-type
A computationally designed chimeric antigen seguence

receptor provides a small-molecule safety switch

for T-cell therapy A proteins that are well-packed

Greta Giordano-Attianese'>*, Pablo Gainza 4% Elise Gray-Gaillard >, Elisabetta Cribioli', A proteins that will not interfere with synapse proximal T-cell
Sailan Shui*#, Seonghoon Kim®, Mi-Jeong Kwak %, Sabrina Vollers®*#, Angel De Jesus Corria Osorio'?, H H

Patrick Reichenbach'?, Jaume Bonet*#, Byung-Ha Oh (%, Melita Irving 0% *, George Coukos'*" * and SI g n al I n g

Bruno E. Correia 0347

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

A design: Bcl-xL and human scaffold protein engrafted with critical

2G-CAR STOP-CAR binding residues of the BH3 domain of BIM

Apolipoprotein E4 scaffold

Prof. Bruno Correia identifed by Motifgraft
PROTEIN A
™) —
Computational
design

Chemically- &%
disruptable .
heterodimer (CDH) R-CHAIN S-CHAIN Dr. Pablo Gainza
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STORCAR T cells

STORCAR T cells regain function upon small molecule withdrawal
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S-CHAIN

STOP-CAR

hc]
Chemically- &4
disruptable
heterodimer (CDH)

Greta Giordano Attianese
R-CHAIN

Disruptive small molecule is not clinically approved
(A1155463)

A CDH is of very high affinin this interface be
optimized for stable CAR assembly & efficient disrupti

A Can the CDH be moved to the extracellular region for
disruption with lower concentrations of drug?

A CAR T cell and tumor target cell contact is nét broken
would it be better to disrupt it?
M/- LUDWIG
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DrugRegulated &witch PPI (DRAPARS

Library screening to develop a stable CDH interface reac
disrupted by venetoclax (in collaboration with Sai Reddy
ETH)

B3Z reporter cell line

Leo Scheller
(Correia lab, EPFL) Greta Giordano Attianese

DROP-CAR
(LD3 library)

!

) Target antigen
a b -
2G-CAR DROP-CAR ] WAL T
Receptor
a-PSMA Venetoclax - Domain >
- LD3 Gy Bcl-2
B Avidity measurements (LUMICKS) demonstrate that ven
£ogr T breaks cetlell contacts (in collaboration with Markus Barc
Signaling Hinl’iCH\bkeD‘I
[ Chain
4 ‘ End Point Analysis - 1000 pN 100 DROP-CAR
f 80=y Il 0 pM venetoclax piy gg - DROP-CAR
70=1 B 5 pM Venetoclax I_l g 70 * DROP-CAR+
. S Venetoclax 2 60 2 60 S M venetociax
: © 509 <0001 L
Functional Disassembled Disassembled B 404 . s .
& 30- 3 20
32 20 10
12: 06 """"" 0 1000
Scheller, Giordano Attianeseé. Correia & lrving (ao e p, ke Nat Force (pN)
Chem Biol) doi.org/10.1101/2024.08.06.606454 &S & M LUDWIG
& & CANCER
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hIFNy pg/ml

Total Area of dead cells (um?)

DROFCAR T cells

DropCAR T cells can be efficientiyo#hwith venetoclax both in vitro and in vivo

Greta Giordano Attianese

Tumor Injection  ACT
(5x10%  (2x10°)

A
b uTD T
4 —
4x10 %ene],pM . T 010 [Xege], UM T Day -5 Day 0 Day 22
3x10* 5 0ors | e 0.078 — —_—— —
2x10% Eg.;?g ’l-‘o e 81.5x10% 019 NSG every 48 h drug injections
ot L oo . g 0625 R & tumor monitoring
1x10* T O 1.250 2 1.0x10% * 1.25
3 8
5x10 S 5.0)(104'
uTD PSMA PSMA 00rT—T—FT—T—TTTT T 1200+ PSMA DROP-CAR in vivo
2G-CAR  DROP-CAR 2 4 6 8 10 12 14 16 18 20 2
Hours
(2]
PSMA 2G-CAR d PSMA DROP-CAR £ 10001 o uTD
axt0s] [yenel- M T 2.0w105] L0 M £ 8004 * UTD + vene
0.078 = 0.078 GEJ
0.156 2 1 o156 &~ -
) 8 15x10° . 0a7s 5 1 =2g DROP-CAR +
2x10 03 *p=0014 = 600
0.625 3 + 0625 p=" Q #* 2G + vene vene
= 1.25 S 1 oxi0s] =125 S
' o S 400
1x10°%4 3‘3 7 *kk
£ 5.0x10] £ p < 0.001
£ P = 200-
= ==
G T T T T T T T T T T T O-G T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 2 2 4 6 8 10 12 14 16 18 20 2 DROP-CAR
Hours Hours O T T T
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Inducible ONAR development:

2024

PNAS

RESEARCH ARTICLE | APPLIED BIOLOGICAL SCIENCES

o' OPEN ACCESS “J
Chook for
updares

Dual ON/OFF-switch chimeric antigen receptor controlled by two
clinically approved drugs

Greta Maria Pacla Giordano Attianese® (2, Sailan Shui®, Elisabetta Cribiol®, Melanie Triboulet®, Leo Scheller™, Morteza Hafezi®, Patrick Reichenbach?,
Pablo Gainza™:, Sandrine Georgeon™, Bruno E. Correig®!' (), and Melita Irving®”
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Days post-ACT

1OAR

Functional CAR

I—I_.Swiss National
Science Foundation

i

Greta Giordano Attianese

A ONCAR T cells are only
responsive to target tumor cells ir
the presence of venetoclax

A ONCAR T cells lose reactivity
against target cells 48 h post
venetoclax withdrawal
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CANCER
RESEARCH

Nl



IFNy pg/ml

AlHn-one inducible @N-F CAR design: (G0AR

Functional CAR

Lenalidomide c&’ \%’

4 d4a Pr> [ ]

agzi. Cereblon (CRBN)
E3 ubiquitin ligase

UTD DMSO

UTD Ven 2.5uM

UTD Ven 2.5uM + 1uM Len
2G DMSO

2G Ven 2.5uM

2G Ven 2.5uM +1uM Len

iON DMSO
iON Ven 2.5uM
iON Ven 2.5uM + 1uM Len

ION@ DMSO
iION@ Ven 2.5uM
iION@ Ven 2.5uM + 1uM Len

A A degron was introduced intothai®
(inspired by by Jan et al 2021, STM &
Carbonneau et al 2QK1hemBiol

A iONy-CAR T cells are only responsive against
target tumor cells in the presence of venetoclax

A iONy-CAR T cells can be shut off wihin 4
hours of lenalidomide administration

M LUDWIG
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By computational, struetaseed design we
developed a panel of increasing affinity TCRs

CDR2a CDR2p CDR3p

51 52 53 54|40 50 51 52 53|06 07 98 00|Ko (WM) ken (M's™) ke (s”) tiz
V401 1 nd nd nd nd subphysiologic
wWT Qs salveAac i1|cAAG| 214 11x10° 023 3 natural
B-G50A A 462 149x10° ooee 10
B-ASTL L 260 226x10° 0061 114 upper natural limit
B-GS0A+AS1E  (DM-B) A E 191 235x10° 0045 154
B-GS0A+ASTE+AQ7L (TM-B) A E L 091 143x10° 0013 533 borderline supraphysiologic
a-S53W + B-G50A+AS1E (TM-a) w A E 04 121x10° 0048 144 low supraphysiologic
a-S53W + B-GS0A+AS1E+AQ7L (QM-a) w A E L 0.14 109x10° 0015 462
B-G50A+A511+G52Q+I53T (wic51m) Al Q 0015 85x10° 00013 5332 extreme supraphysiologic

Prof. Olivier Michielin

Prof. Vincent Zoete

Adapted from Schmid,
Irving et al, J1 2010 an
Irving et al, JBBC 2012

TCRs in the upper range of natural affimibf)(&ugmented the
function of T cells, both in vitro and in vivo
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Hafezi et al, manuscript in revisions, Nature BiotMr
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Morteza Hafezi
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T CELL COENGINEERING STRATEGIES
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T

T-cell coengineering solutions to counteract the suppressive

Tumor homing Blockade of inhibitory mechanisms
« chemokine receptor: e anti-PD-1 scFv
CXCR1,2,6 & CCR2b,4,8 o TGFBRII-Fc traps
e FAS-DNR, TGFBRII-DNR, PD-1-DNR
™\ o FAS:4-1BB
. '\J. Tumor infiltration
- zntl-FAP gan - \ T-cell metabolic fitness
l o heparanase U e GLUT3
(o

/—\ e PGCla

T-cell stimulation

e ceLo

C APC activation
e FIt3L
e 4-1BBL
* CD40L
- e various cytokines
Bystander T-cell activation i ceII fitness enhancements
o BiTEs (anti-CD3:anti-TA) e cJun overexpression

» gene knockdown or knockout (PD1,
DNMT3A, TOX, Cbl-b, TET2)

e 1L-2v,7,12,15,18,21,33,36y

¢ switch receptors:
TGFBb:4-1BB, PD1:CD28,
IL4:1L-2Bc, GMCSF:IL-18R

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

T cells for cancer immunotherapy, Immunological Reviews 2023.

support transferred T cells and/or promote endogenous

immunity (i.e., TME re-programming)
gene-overexpression
gene-knock-down

inducible systems for enhanced safety

Inhibitory receptors & molecule®engineer T cells to secrete decoys or switch receptor
or immunomodulatory molecules to reprogram the TG deapy, switch receptor,
dominant negative receptor or preprogramming M2 to M1 macrophages etc.)

Insufficient costimulatiomactivate APCs: coengineer T cells to to express costimulatory
ligands like CD40L, or to secrete various cytokines

T-cell exhaustiongene knockouts or transcription factor overexpression, CAR design t
can allow transient resting (e.g. reambtel ONr OFswitches)

Poor metabolic fitheseverexpressiohtransporters (i.e. for amino acids or glucose), or
of PGCA to stimulate mitochondrial biogenesis etc.

Toxicity:ON or OFFBwitch CAR designs (transient rest can also abrogate exhaustion) :
suicide switches

Homing & infiltratiortoengineer T cells with chemokine receptor and target the stroma
(e.gaFAPCAR)

Antigen escapeoengineer T cells to se®&i&go activate bystander T cells

Mr LUDWIG
CANCER
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Optimizing tools for-ginical testing in syngeneic tumor models

Optimized retrovirus production and transduction protocol

£ JEM sz

psov £, )

TECHNICAL ADVANCES AND RESOURCES 2021 vCL‘—E?:O ]
. . . . . ® mvboye:« :ﬂ;:‘:u DNA
Optimized gene engineering of murine CAR-T cells ! ~ .
. ¥ . ) Du > e > Yoy | ol 11 TR

reveals the beneficial effects of IL-15 coexpression pom i Bl et Bl |
Ozmur, OMmrt. Ot O Smim, o v O vmimmos

Evripidis Lanitis'@®, Giorgia Rota'@, Paris Kosth@®), Catherine Ronet'@®, Aodrenn Spill®, Bili Seijo'®, Pedro Romer?®, Derarda Danga'@®, Ad 31 il complolofosh modum o

George Coukos™ @, and Melita Inving™ @

Evros Lanitis 8 -

ard A
High 2G CAR transduction efficiency LKoo~ K2 +~<y L5 > Lz

day -1: :iv 0: ) day 0: day 0: day 2:

Teell Teell
D Ig & chain leader @ -Sonmonss @)-Sanomrumosn,  @)- ?:::(s; z::s:m@ :d:‘;l(a;;;.m ;507 e 005510 cotei
) 100 10/N AC)
D CD8 Uhinge [8283 (M) - J . f x
. s @z A

[]cosutm 3 st o 20 — RGP ...

£ © ‘e O S e

B coycozD: :ymbcﬂdw' +hiL2 7 ¢ i

anti-VEGFR-2 scFv ES ‘ oy O
G.CAR sl o
A0 W GV [ QR e 7 -0
-2-28z

intracellular domain

Higher folelxpansion and viability

Higher proportion of central memory T cells Higher cytokine production
_ —=@= hIL-2 =@- hIL-2
(I L7&15@10ng/mL \fQ@SOIU/mL ) = hIL-7/IL-15 e={ll= h|L-7/IL-15
B ThyL.1-T (hiL-7/1L-15) B CAR-T (hiL-2) [ CAR-T (hIL-7/IL-15) 100 g kkk
Day 7 post cytokine addition 5 < s0d
hiL-2 hIL-7/IL-15 50000y = < 10000 = I% im/
{151 430/ {877 63.7 € 40000] S 8000 < g 0
" 2 = it )
- 13 k] o 404
S 300001 S 6000 9 s
5 o > 201
© 200001 © 4000
z £
[T > 0 T T 1
0’ : = 10000+ % 2000 0 5 10 15
— q 1 : [ .
S ANEC o200 I L. 226 ol o ol Days post T-cell transduction Days post T-cell transduction
Q 0 0 H5V bEnd3 H5V bEnd3 LUDWIG
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oA 2G CAR: . ———

VEGFR-2-282 ] T =7 CD3z
D Ig K chain leader intracellular domain
E €D a hinge anti-VEGFR-2 scFv
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Benefits of-I15 coengineering

High 4G CAR transduction efficiency
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Higher levels of tumor infiltrating 4G CAR T cells
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Lower PD1 expression by tumor
infiltrating 4G CAR T cells
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In Vivo

Tumor vasculature
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} Activated NK
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TME rerogramming : higher levels of activated NK ¢
and fewer M2 macrophages
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Overcoming glucose competition in the TME: enforced GLUT3 ex

S.C. injection of
B16-OVA IDO" cells in the right flank
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Elisabetta Cribioli

Cribioli,é..lrving*

expression in CD8+ T cells improves fitnes:
tumor control by promoting glucose uptake
energy storage, Frontiers in Immunology 2
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Targeting the CD47/3iBPd o n 6t eat meO0 a x|
engineered T cells

The Journal of Clinical Investigation

A CDA47 prevents phagocytosis of healthy cells and has been coopted by my cancers &
an innate immune checkpoint |

A A2/NY TGR cells coengineered to secrete a high affinity variant (CMBoof SiRP
robustly control tumor outgrowth

2024

phagocytosis of tumor cells

RESEARCH ARTICLE

Combining SiRPu decoy-coengineered T cells
and antibodies augments macrophage-mediated

Evangelos Stefanidis,'? Aikaterini Semilietof,' Julien Pujol," Bili Seijo,' Kirsten Scholten,’ Vincent Zoete,"* Olivier Michielin,"*

o inSiRPq_FC Evange |OS Stefan'd's Raphael Sandaltzopoulos,’ George Coukos,' and Melita Irving'

== CV1 SiRPa-Fc
-® TCR +inSiRPa-Fc

- =& TCR + CV1 SiRPa-Fc

1500+ Me275

Tumor volume (mm3)

i i T 1
0 20 40 60 80 100

A |
|
Days : SiRPa :
A The coengineered T cells failed in a subcutaneous tumor model ! —> é + |
A The problem: T cells become coatedi B¢ @d are depleted by macrophages, | higat-Fe i
both in xenograft and syngeneic tumor models ! s, SRPa Anttumor |
I frrare (monomer) mAb :
D __ J
Blood
1.
1200 ns
“E 900+ 31'
P - NT 2 - _
‘_% 600 ...~ TCRHIN SiRPa-Fc RO SiRkd ec o y - bl
> -a TCR-CV1 SiRPa-Fe¢ o Fc = 6c ome
g 300H

T T T T T
10 15 20 25 30
Days

o

Nl

CEEEEErrreerrrereree et e e ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e EEEEErEr T | UNIL | Universite de Lausanne

ocks 0Oc
eat m

LUDWIG
CANCER
RESEARCH



Suppression of T cells under acidic conditions

Article 2024 o rrl JOURNAL

Acidity suppresses CD8 + T-cell function by
perturbing IL-2, mTORCT1, and c-Myc signaling

=]

CTL RE-ACTIVATION

IL-2R SIGNALING

Romain Vuillefroy de Silly B Laetitia Pericou ", Bili Seijo, Isaac Crespo's & Melita Irving

Romain Vuillefroy de Silly
A Extracellular acidifptracellular pH
A Upon ractivation, acidity significa@y8 T-cell proliferation, cytokine
production and cytotoxicity (for low affinity TCR)
A Upon ractivation, acidftgctivation threshold
I A Lowering pH reduceg/I-2R binding leading obal H2R signaling
{!‘ | T A Proliferation defects are linked-responsiveness
%Th_ 5 - R — A Acidity c-Myc accumulation and mTORC1 pathway
'T(m — — A Acidity glutamine/glutamate/aspartate drppBne

c-Myc — Proline
Glutamine/Glutamate/Aspartate 1
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OPTIMIZATION OF ENGINEERING TOOLS
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Viral vectors for coengineering T cells

sense configuration; dual constitutive co-expression, & &
post-integration
immunomodulatory immunomodulatory
molecule molecule
NNNNNNNN\AAAA ‘7 *‘** - ‘ — ‘
o) 3
‘Gene A gli\UE| T T ‘
‘ translation
s constitutive co-expression E 6XNFAT T .
(risk of toxicity) ¢ I—V transcription
MODIN

activation (i.e. in the tumor)

T2 A, P2Aéor | RES -EBxpressanmonstitutive <co

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
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-r—n Ar— nature biomedical engineering 2023 a

Article https://dol.org/10.1038/s41551-023-01013-5

Alentiviral vector for the production

Limiting transgene expression to the

Interference . . .
sense configuration, post-integration Ofgcellswll:":il:] E'l:n mlduc1bletransgene
and a constitutively expressed
non-stimulated non-stimulated stimulated tumour_targeti“g receptor
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