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CAR design: draw and play

How to redirect T cells toward non
tumor antigens?

Linker

Ectodomain

(Antigen recognition)

Light (or heavy) chain
Heavy (or light) chain

Derived from an scFv of
known specificity

Hinge region
Derived from CD8 or IgG4

ScFV

Lipid bilayer | Transmembrane domain

, Which cells should be engineered in
Co-stimulatory molecule(s)

| None, one, o e of non malignant diseases?
CD27,CD28, ICOS, 4-1BB, OX40
Endodomain

(Stimulation)

Stimulatory molecule
CD3 { chain or FcRy chain




Self-inactivating lentiviral vectors

WL | linker | hvH
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Non replicative lentiviral vectors — ex vivo manufacturing

1- Self-inactivating lentivirus vector (A in the 3’ LTR)

2- Non-replicative lentivirus vector (packaging cells) Ex vivo CAR-T cell generation
3- Ex-vivo manufacturing ;
CELL CULTURE TRANSFECTION Zz
[ J [ ) L Gene of Harvest \ ] Chemotherapy
HEK-293T interest Tcells | |\ o
"Q ( E:”' T[
S¥a Administer
-
to patient
e
Quality
control
| EXPANSION |
Packaging cell line : GMP virus
carrying CAR expansion
construct



CAR-T beyond cancer: targeting non tumor antigens

/ Autoimmune diseases => E. Crickx
Target cell * CD19, BCMA

* FAP ™~

* uPAR Penn Medicine Leads $14m CAR T Immunotherapy Clinical Trial for High-Risk
Kidney Transplantation Patients

Sensitized patients awaiting kidney transplantation

Fibrosis Senescence
i S
Fibroblast e"(:eeslfent
|
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FE é) uPAR
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ﬂ scFv @
I
™ d i
T cell { lomain
CS domain
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Cytotoxic T cells ok

Adapted from
Boardman DA & Levings M Nature Biomedical Engineering 2019



' FAP (Fibroblast Activation Protein)-specific CAR T reduce cardiac fibrosis

Angll/PE
ng >
o o I FAP CAR FAP CAR
Cardiac fibrosis is =D T cells - T cells
induced by angiotensin Il \ @ N 7 N G o
and phenylephrine
He— H=— i
— — — —
0 1 2 4
Time (weeks)
Angll/PE +
Saline Angli/PE FAP CAR T
4 Saline
FAP-targeted CART y A ‘{» s
1- reduce fibrosis ~ Angll/PE
2- restore cardiac function SN |
Angll/PE +
FAP CART

Aghajanian Nature 2019



' FAP (Fibroblast Activation Protein)-specific CAR T reduce cardiac fibrosis

CD5-targeted lipidic nanoparticles

ns

; : p < 0.0001
AngllPE =58 CDS/LNP Analysis '
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| | |
| | |
0 1 3

Time (weeks)

.,/) AcTIVATED FIBROBLAST

End systolic

CD5-targeted
endocytosis

Pump + Injection

Endosome
escape

e j Saline + Saline
LNP degradation
Nucleus releases mRNA

Angll/PE + Saline
B AnglI/PE + CD5/LNP-FAPCAR

Rurik JG Science 2022



uPAR-targeted CAR T as senolytic agent

( == « When senescent cells linger, they can promote chronic inflammation resulting in
age-related diseases ».

1- PLAUR (encoding the urokinase-type plasminogen activator receptor (UPAR)) was the top gene identified from 3
models of senescence in mice that fulfilled the two selection criteria:

- Greatest magnitude of upregulation (senescent / non senescent cells)

- Low expression in vital tissues

2- PLAUR was also upregulated in public datasets of human senescent cells, and absent in many vital organs

3- suPAR is secreted by senescent cells as part of the senescence-associated secretory phenotype (SASP).

‘ Mice that received senolytic uPAR-specific CAR T cells demonstrated improved ‘
outcome of liver fibrosis in animal models of non-alcoholic steatohepatitis

Amor C Nature 2020



uPAR and kidney: something new out of the old?

SuPAR as the circulating factor in FSGS

Elevated level of suPAR is independently associated
with incident CKD and accelerated decline in the eGFR

suPAR is predictive of cardiovascular events.
suPAR promotes aorta infiltration by inflammatory macrophages

Quaglia, Musetti NEIM 2016, Hayek NEJM 2015, Hayek Nat Med 2017, Hindy JCI 2022

suPAR-related Change in eGFR
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Chimeric Auto-Antigen Receptor (CAAR) to get rid of memory B cells

auto/allo-reactive B cel

* Desmoglein3 — Pemphigus vulgaris

_ * Musk —> Myasthenia gravis
Autoantigen-

specific BCR
* PLA2R —> Membranous nephropathy

What’s next ?

- Alloreactive HLA molecules
- ADAMTS13

Cytotoxic T cells



CAAR: cytotoxic response redirected against self-reactive memory B cells

Antigen-specific targeting of memory B cells in a rodent model of pemphigus vulgaris

Anti-Dsg3 @ Transmembrane

o domain
o I
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Ellebrecht Science 2016



CAAR: cytotoxic response redirected against self-reactive memory B cells

' Dsg3 CAAR-T eliminate hybridoma cells, reduce anti-
Dsg3 antibody levels, and prevent skin blistering

Intravenous administration of a mix of 3 hybridomas
Serum Dsg3 ELISA

that produce anti-Dsg3 antibodies
ol |C Dsg3 CAAR e
2.04 | @ control CAR ®

1.54 v _
@

Bioluminescence imaging =
e 1.0+ * )
5 0.50
Day: O 4 5% 7 9 11 14* 18 0.25-—:.—
Host: ; 1 l l : : : ol_o -8 oo';'
NSG 6 & & .
T T *serum antibody analysis & 6,5\\ & b‘a’\\
polyconal Dsg3 CAAR
mixture or control CAR i.v.
g}:]g Dsg3 CAAR ~_ control CAR
AK23 i.v. , e~ —

Ellebrecht Science 2016; Lee JCI 2020



Dsg3 CAAR already moved to the Clinic

Pre-Infusion
Evaluation
-Disease activity ;
-Confirm eligibility CAAR-T Cell Infusion POSt_InE:‘:?ﬂ‘?‘st::jsments
Stucy Cell requarerl'nents ERSECHE: npnctimisianedn Safety, efficacy, and correlative
Eligibility & LP -Collection of consecutive days (shown) i i
Enrollment Mfg Baisfivarasasich research assessments
samples
_—— f— SRS = — e e
Phase |: DSG3-CAAR-T cells I l I I I I
Screening Pre-leukapheresis Follow-up visits to 36 months
visit (LP) and LP visit -7 to l #1 #2 #3 #4 post-infusion
| | 1 | | |
| | 1
Screening Phase Manufacturing Interventional Treatment Phase

(Mfg) Phase

Recruiting  Open-label Study to Determine the Maximum Tolerated Dose of  Mucosal -Dominant « Biological: DSG3-
DSG3-CAART in Mucosal-dominant PV Patients (mPV) Pemphigus Vulgaris CAART

NCT04422912



Muscle-specific tyrosine kinase myasthenia gravis

| Anti-MuSK Ab titer

Total mouse IgG
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In an experimental model of autoimmune MG mouse model, MuSK-CAART reduced anti-MuSK igG without
decreasing B cells or total I1gG levels, reflecting MuSK-specific B cell depletion

Oh et al. Nat Biotech 2022



PLA2R CAAR in membranous nephropathy

PLA2R PLA2R
NTD CAAR1 CAAR2
i 4h
0.51% 83.6% 84.2%
— . -
PLAZE
20h

Payne et al., ASN Kidney Week 2021

anti-PLA2R Ab-producing hybridomas
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Targeted regulatory cell therapy in Al diseases and transplantation

To successfully use
Tregs as living
drugs, 4 key
propertles are

needed summed up
the f

SpeC\ﬂC\W
stability

Target cell
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Q - SuPPfess‘on
%- Sur\l\\'a

Surface
autoantigen

Ag-specific

\ ’
A
o ) \h * HLA A2 —> Transplantation

Tree R - * Citrulinated protein ——> Rheumatoid arthritis

Regulatory T cells

Ferreira Nature Reviews Drug Discovery 2019




HLA A2-targeted CAR Tregs

tissue cell

Megan
Levings
THE MacDonald, J Clin Invest, 2016
UNIVERSITY OF Dawson JCI Insight 2019
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Boardman Am J Transplant 2017 ‘~-‘ /

Mohseni Eur J Immunol 2021

antigen-specific
Muller Front Immunol 2021 human antibody §

Uni_v ers_it,e Lamarthée Nat Commun 2021
Paris Cité

co-stimulatory
domain

CD3C
signaling domain

CAR-Treg




CAR-Tregs in transplantation

Maldini Nat Rev Immunol 2018

HLA-A2*
organ donor

Pan-stimulation with
artifical antigen-
presenting cells

Viral transduction of
T, cells to express

CD3-specific ¢
antibody

Co-stimulatory 4

HLA-A2 recipient
molecule l

of organ transplant

HLA-A2-specific CAR

e Safety switches
to turn off

0 o
09, CART, cells?
e * Gene editing
IL-2 strategies such

as CRISPR?

FACS-based
isolation of
T cells

reg

Leukapheresis
to enrich for
white blood cells

CD#4*
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CD45RA*

Organ
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Quality control

Polyclonal
expansion |
e ——
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HLA A2-specific activation

'? Specificity

CAR EGFRt lm -

Baptiste Soéli
Lamarthée Charbonnier

Unstim. TCR stim. HLA A2- HLA A2+

{ P2 s 72N —~ o o
2] & Y| A | AT
L | /A /=~ >
u '.".:::_;; S ‘.

I 7 N\~
EGFR

]
]
E
J

Lamarthée et al. Nat Commun 2021



T. Blein

Firefly

S -

Luciferin

Firefly
Luciferase

+ATP + O,
+ Mg?

RO~

Oxyluciferin

+ PPi + CO, + LIGHT
+ AMP (560nm)

Firefly

Renilla reniformis

Subsrate: Coelenterazine o T—
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Wavelength: 560 nm

Cypridina noctiluca '.
Subsrate: Vargulin
Wavelength: 465 nm
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plagiophthalamus
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“ Wavelength: 613 nm (red)
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Subsrate: Coelenterazine %
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Antigen-specific homing

o Specificity

EGFRt -

CAR EGFRt

F. Valette T.Blein A2-CAR-Luc mock-Luc

Luc+ CAR-Treg

mCherry Luc i

A2-CAR-Luc mock-Luc

HLA A2+
pancreatic
Islet Tx

Unpublished results



CAR-Tregs remain stable over a 3-wk ex-vivo expansion

) Stability

Soéli Armance
Charbonnier Marchal

- .o
.5

HELIOS

Lamarthée et al. Nat Commun 2021



CAR-Tregs outperform polyclonal Tregs at suppressing GVHD

Suppressive
Baptiste Tifanie Blein
Lamarthée
] PBMC CD28
CAR/MOCK o CARCTre .
3’3 + mCherry - FFLY Luc - %
™= > ] } ) _:n
d4 2 | ‘= .
e el L@ [F
T—> hCD45

0
HLA A2+ PBMCs

10 3 57 1012 17 19 24 33 51 58
I L O I 1
B B;ﬁ L L L L L L L L

' & & &

Lamarthée et al. Nat Commun 2021



CD28 CAR-Treg outperform 4-1BB CAR / polyclonal Tregs

100 | | 2]
Baptiste Tifanie Blein ;\3: 80 _ g 4
Lamarthée = —_—

T60 ~ yock i o3
S 40| — CD28 e,

N 5o — 4-1BB 5
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T £ 5ol F e CD28
=] . c | A 4-1BB
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Lamarthée et al. Nat Commun 2021



Longer persistence of circulating CD28-CAR Tregs than their 4-1BB counterparts

= Survival

4.

e CD28(N=14) a 4-1BB(N=10) + MOCK (N=8) + 4-1BB + Rapa/it.C (N=13)
*

Baptiste  Tifanie Blein
Lamarthée
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Lamarthée et al. Nat Commun 2021



Survival

® CD28 (N=10)* MOCK (N=8)

108

Number of Luc+ cells

Suppression Stability

100 |
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§ 60
£ i
9 5o MOCK
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Days

Lamarthée et al. Nat Commun 2021



Ongoing clinical trial Sangame

THERAPEUTICS

STEADFAST Phase I/lla Study: Multicentre, open-label, single (DL STEADFAST
ascending dose, dose-ranging (NCT04817774) -

Screening Leukapheresis Transplant  TX200 infusion Follow-up
TX200 ‘."’ y :
manufacturing ~ S
e | @ < @ ®
group

Renal graft biopsies

Tapering of immunosuppressive therapy

Screening Transplant Follow-up

M S

Control

group Renal graft biopsies

Recruiting Safety & Tolerability Study of Chimeric Antigen Receptor T-Reg SN
Cell Therapy in Living Donor Renal Transplant Recipients l l I "/‘Iﬂ




Ongoing clinical trial QQuell.

. QEL-001: Highly engineered modular Treg product

Anti-HLA A2 CAR

Targeting Drive local Treg suppression

Single-arm, open-label, multicentre phase I/1l study
evaluating the safety and clinical activity of QEL-101
in HLA A2- patients that have received an HLA A2pos
liver transplant from 1 to 5 years before inclusion

Phenotype FOXP3 technology
lock Stabilize Treg phenotype

Safety Proprietary suicide switch

1 Recruiting Safety and Clinical Activity of QEL-001 in A2-mismatch Liver Transplant LI B E RATE St u dy

Patients L7 l l [ ]
%Im I




“SONOMA  cV-targeted CAR-Tregs in rheumatoid arthritis

CV: citrullinated vimentin

X .1..."[ s
A g4 W

. IR '\..l Neutrophil
o o W @'
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’\' ; - (o]
cV Tissue 3 ,
1L J- \ © Repair/growth

. factors
| N\ e s XU

\\{ Pro-Fibrotic/Destructive Microenvironment




Fast-moving field of investigations

Company Natural T, ~ Converted Targeting/ Autoimmune e axr & Status Comments
Cell T,eq Cell i 0o =5 8 8% %
specificity & Mo Fo 2 &5¢ 2| i

Therapy Therapy

) : CAR/ : — T,egs derived from natural CD4+ T, cells and edited to CP-
% SONOMA | @ N o0 e omedt | specifc CAR
: + T depleting agent to combine with T, therapy
_ : TCR/ : : N . ]’,egs derived from CD#-t+ T cells and edited to express FOXP3
Q genti 0 CAR 0 - 0 i 0 Preclinical | « “Immune evasive tech” to enable durable engraftment of
: i allogeneic cells
- : Ph 1ready | = Primary indication and expertise in liver transplant, anticipate
Qauell. /] (%ERR’ Qo Q9 (liver entering clinic in Q1 2022, granted CTA approval (Oct 2021)
: transplant) | « T1D and ALS in target discovery and validation
i - + MS (lead), T1D, Inclusion body myositis (IBM)
abata ° TCR ° ; ° ; 0 Predimical |, Expect to be in the clinic in 2023
: - Autologous therapies for hemoglobinopathies derived from edited
Ph 1/2 CD34+ stem cells
Sangam@ o 0 CAR ° o ; 0 ° 0 (kidney « Autologous therapies for immunological diseases derived from
transplant) Tregs
+ First patient dosed in Ph1/2 renal transplant (March 2022)
Preclinical/ . « ;
:}- o Not ° 9 Stanford Transdqcmg FOXP3in T cells from IPEX patients
X< disclosed _ trials in | © ATCusing Tr1 cells
IPEX » Universal cell therapy
) + Platform consists of both natural T, isolated from patients and
sz Teralmmune o TCR 0 ° IND filed induced T4 converted from a patient's T cells
: » Lead program is FVIII| TCR for Hemophilia A
C*’? YA Not : - Expansion of autologous T, administered to patients
. gs
APEUTI 0 modified ' ° o ke + Used in combination with IL-2




Fast decrease of donor-reactive-Tregs after LTx

Qizhi Tang

UGSk

Tang et al. Sci Transl Med 2022

Participants
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Low-dose IL-2 to expand selectively Tregs

High-affinity IL-2R
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Lim et al ] Hepatol 2023

. But low-dose IL-2 / CNI taper down precipitated rejection after LTx

Tolerance

Stable liver Low-dose IL-2 (1M IU sc daily) diudicat
recipients adjudication
2-6 years  Tacrolimus dose
after T T T T T —//—
transplant  \Weeks 0 4 12 16 20 24 72
2-6 fold i
expansion of B E
™1 circulating =B 2
Tregs 8.2 44
L J Q) = 3 o [l
Low-dose o O
IL-2 29 27 :
E 1 '
[ Induction Z ‘
| OfIFNy 0 10 20 30
) fospetlse Weeks after initiating LDIL-2
| in liver tissue J




Strategies to overcome the lack of specificity of low-dose IL-2

IL-2 muteins Orthogonal IL-2 / IL2R

Substitution of aspartic
acid (D) for asparagine (N) % £,

f 4

. = s € non-binding
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T REE

@9 T GVHD
' o reg
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retains FcRn binding
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Peterson J Autoim 2018; Khoryati Sci Immunol 2020 Sockolosky Science 2018, Hirai J Clin Invest 2021, Ramos TL Blood 2023



Chemically Inducible IL-2 Receptor Signaling Complex (CISC)

CISC
Xeno-GvHD study timeline
2.5ma/kg AP21967 or Vehicle
'. Rapamycin o i T 1|4 _________ // _______ jla
4IX 106 I endpoint
autologous Teff
IL-2 CISC Complex radiate recipients B T+ CISCEngT  (AP21967) (n=10)

B T+ CISCEngT  (Vehicle) (n=8)

2.7x10° CISC EngT,g
B T_only (AP21967) (n=5)
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(AT o therapeutic T Cell HN |
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_ Function y g
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~"Autologous = 40 p=0.421
T Cell Therapy &
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20 40 60
Days post engraftment

Cook Mol Therap 2023



Tip the balance toward “shielded CAR-Tregs”

CRISPR/Cas9 targeting the TRAC deletion disrupts the Dramatic enrichment in TRAC-
TRAC locus whole TCR/CD3 complex deficient CAR-T upon anti-CD3 Ab

Tifanie Blein \

solution

i

I ' TRAC Scramble 1 36,9
( 0.87% 6.75% | 3.30x [ 91.30%]]
E' | ’ e iy Saline
! :

. 85.34% ‘ QRNAZ7.03%| -4.22% 1.19%| E

5
W W | . PPy |(SURESRI———
©r TCR

gRNA scramble

Anti-hCD3

TRAC-/- CAR-T

0,70

]—> TRAC+/+ CAR-T

A

Unpublished data



A. Scheffold H. Isambert S. Fillatreau C. Boitard
Multi-parameter machine Validation of in silico selected
Identification and 4 learning approach to . TCRs through in vitro and in
sequencing of insulin- ‘ identify the best TCR ‘ vivo studies in mice

candidates

specific TCR from Tregs
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P. Van Endert D. Klatzmann

Y-
J. Beltrand .. - *

HLA DQ8+ children with juvenile T1D Empowering of TCR-Treg therapy (tethered

Ortho IL-2 /IL2R and nanoparticles)
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M’ manufacturing _ Functional and toxicity i : i
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High manufacturing cost

Dramatic cost cutting is expected with in-house academic manufacturing

g
. MEARY 2

S c@CENTER )X( ASTRAVEUS | =™
J.Larghero b ol Ll

Miniaturizing cellular therapies and
their manufacturing




Conclusions

1- Clinical use of B cell / plasma cell-targeted CAR T cells in non malignant diseases.
) Anti-CD19 in severe SLE

mm) Anti-CD19 / BCMA in highly sensitized patients on the waiting list

2- New target and new technologies (CAAR) in preclinical & clinical development
mm) Anti-FAP CAR T to prevent / mitigate the development of fibrosis

mm) CAAR T to target antigen-specific memory B cells

3- CAR-Tregs : the first clinical trials are underway

mm) Sangamo Kidney transplantation @STEADFAST
mm) Quell,, Liver transplantation Quell Therapeutics Raises $156 million Iéjeito
‘ Sonornabiotherapeutics Rheumatoid arthritis Sonoma Biotherapeutics Raises 8265

Million in an Oversubscribed Series B



Your limitation is only your imagination

Engineer alternative/synthetic cytokines

- Orthogonal IL-2

- Chimeric cytokine receptors
Stably overexpress
exogenous FOXP3

e

/

to te T S
) ) . froriegg':i cr:lis § stability (e.g. PTEN)

Engineer tissue homing ! ’ &X}
- Chemokine receptors : |\
- Integrins e S
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Remove/replace
endogenous MHC or TCR

- MHC: reduce immunogenicity of allogeneic Tregs
- TCR: reduce risk of graft-versus-host and mispairing

Boardman DA JACI 2022

b,

Confer uniform antigen-specificity
- Chimeric antigen receptors (CARs)
- T cell receptors (TCRs)

7

o ® Engineer advantagous
® ® molecule expression
@] o - Functionally relevant molecules
or cytokines (e.g. IL-10
=B® it

- Proteins that promote Treg

Remove deleterious genes

- Proteins that could interfere with Treg function
(e.g. IL-2, perforin)

- Make resistant to immunosuppression
(e.g. delete CD52)

Inexhaustible possibilities
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