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The best way to describe an innovative therapy drug «CAR T-cells»
The incredible and unexpected story of Emily Whitehead (USA)

April 2012 : , .
PhaseFI,CIinicaI Trial Children’s Hospital of
Genetically modified T-cells (CAR-T cells) Philadelphia, Upenn, (USA)

targeting leukemia cells CD19+

February 2012
May 2010 Programmed bone
B-ALL (@ 5 years) marrow transplant
> | I | | I >
October 2011 March 2012 May 2012
1% relapse 2d Relapse! Complete remission

Cancelled bone marrow transplant

Leukemia
cells not
detected P>

Mai 2021
Already « free of cancer »

Beginning of the true clinical history of CART-cells
Power of this Personalized precision medicine : living/dynamic drug with immune memory



History of CAR T cells and its progress and milestones
From 1989 to 2013...and after

Founding principle

Zelig Eshhar

Weizmann Institute of
Science

Tel Aviv Sourasky
Medical Center

Expression of immunoglobulin-T-cell
receptor chimeric molecules as
functional receptors with antibody-type
specificity.

Gross G, Waks T, Eshhar Z.

Proc Natl Acad Sci U S A. 1989

Dec;86(24)

Ab-TCR CAR

advi B IR v

TCR{ Ca cp

Second signal

Dario Campana
St Jude institute US
National University of
Singapore

Chimeric receptors with 4-1BB signaling
capacity provoke potent cytotoxicity
against acute lymphoblastic leukemia.
Imai C, Mihara K, Andreansky M, Nicholson
IC, Pui CH, Geiger TL, Campana D.

Leukemia. 2004 Apr;18(4)

Proc. Natl. Acad. Sci. USA
Vol. 86, pp. 10024-10028, December 1989
Immunology

Expression of immunoglobulin-T-cell receptor chimeric molecules
as functional receptors with antibody-type specificity

(chimeric genes/antibody variable region)

GiDEON GRoss, Tova WAKS, AND ZELIG ESHHAR*

Department of Chemical Immunology, The Weizmann Institute of Science, Rehovot 76100, Israel
Communicated by Michael Sela, July 13, 1989 (received for review June 18, 1989)
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Preclinical POC

Carl June
Department of Pathology and
Laboratory Medicine, UPenn

T cells with chimeric antigen receptors have
potent antitumor effects and can establish
memory in patients with advanced leukemia.
Kalos M, Levine BL, Porter DL, Katz S, Grupp SA,
Bagg A, June CH.

Sci Transl Med. 2011 Aug 10;3(95)

pBR 322 ori

scFv

SV40 ori

Steve Grupp
CHOP, Philadelphia

Clinical Trial

Chimeric antigen receptor-modified T cells for
acute lymphoid leukemia

Stephan A Grupp, Michael Kalos, David Barrett,
Richard Aplenc, David L Porter, Susan R Rheingold,
David T Teachey, Anne Chew, Bernd Hauck, J
Fraser Wright, Michael C Milone , Bruce L Levine,
Carl HJune

N Engl J Med. 2013 Apr

18;368(16):1509-1518.



Structure of Chimeric Antigen Receptor (CAR)

From the first to the next generations

First-generation Second-generation Third-generation

Fourth-generation Fifth-generation
CAR-T cell CAR-T cell CAR-T cell

CAR-T cell CAR-T cell

Targeting
I domain
Affinity
l_Hinge / spacer
Linking Costimulator 1 Costimulator 1
e E CD37 Costimulator 2 IL-12, IL-2RB
' l domaine 3
CD37 co3T / CD37
2=
Co-stimulatory eg i1z
domaine CD28or
4.1BB
|
Persistance
= e = Cytotoxicit
iy yt y CD3z 1
| inchoe Proliferation CD28 2
Activation
Survival/persitance 4.1bb 3

s st s |5

iCASP9 - IL-15

(Jin et al., Cancer cell international, 2021)



Bypassing Central Tolerance and generate potent T-Cells to Self Antigens

Two approaches : CART-cells or TgTCR

CARTCELL S—
CANCER CELL Signalling

domains

. larget protein
0%

Antibocy
recognition
domain \

TUMOR CELL
T CELL
cD3{

Cell surface antigens
Persistence in-vivo?

MHC independent
Ac/Ag +++

Advantages

Antigen presentation
by MHC

TUMOR CELL I
)
TCRTCELL i

Endogenous or
transgenic TCR

o,
S ™

PROCESSING

¥ HLA- Peptide
complex

©EMBO
5

Inconvenients

Intracellular antigens

MHC dependent
TCR/Ag +
Recombination TgTCR/endogen TCR



Distribution of CART-cells clinical trials
75% in Onco-Hematology diseases, 25% in solid cancers

Bladder, 1
Retinoblastoma, 1
Endometrial, 1 o Neuromyelitis Optica Spectrum Disorder, 1

Cervical, 1 - Systemic lupus erythe matosus, 1
Prostate, 2 IR 1 man immunodeficency v
Headan::l neck, 3 Human inmun iciency wirus, 2 T-cell malignancy, 4
Germeell, 3 Lymphoid malignancy NOS, 8
— Renal, 4 Hodgkin's disease, 8
Oesophageal, 4
Melanoma, 4
Mesothelioma, 5
Sarcoma/Osteasarcoma, 5

Owarian, 7 Non malignant T

l\%

Chronic ymphocytic leukaemia, 28

Lung, @ 4

Colorectal, 11

Gastric, 12

Breast, 13 Acute lymphoblastic leukaemia, 109

Meuroblastoma, 14

Solid tumour NOS, 14

Myeloid malignancies
Liver, 18 V
Pancreatic, 21 Myeloma
100+
@
_ F 80 .
Brain/CNS, 21 5
]
B-cell lymphoma, 130 .g 80-
[
B 404
- Chronic myeloid leukaemia, 1 'z?
~ Blastic Plasmacytoid Dendritic Cell Neoplasm, 2
/.~ Myeloid malignancy NOS, 3 § 204 17 12
Myelodysplastic syndrome, 3 z 3
Acute myeloid leukaemia, 17 o

A

1st 2nd 3rd 4th

Hartmann_et_al-2017-EMBO_Molecular_Medicine CAR generation
Charrot et al, Hemasphere 2019




Developpement des CAR T-cells o
Approbation FDA & EMA N

August 2017: Ped. and AYA B-ALL
May 2018: DLBCL

-~ 2017 2021
27 FDA approval of CD19 FDA approval of CD1+
2007 o’ CAR T therapy CAR T therapy (Liso-cel,
First IND for CD19 CAR (Kymriah) for ALL Breyanzi) for NHL February 2021: DLBCL
2003 L 4 p L 4
2" generation CAR October 2017: DLBCL 4
(CD28- CD3Y) March 2021: FL a», 2017
2004 <DA approval of ¢
1993 2" generation CAR e CAR T ther”
First-generation CAR (CD3{ ) (4-188- COX) 4% generai QU 8 y \ fcanf) ’
July 2020: MCL |
1989 = o — —
1990 1995 2000 2005 2010
2019
. Cilta-cel (JNJ4528) granted
Taux de patients 2014
o, P First in-human BCMA CAR T Breakthrough-therapy
traités par CAR-T /! therapy clinical trial (NCI) designation award by FDA
2013
Demonstration of BCMA as a °
functional CAR target in 2017
Nb de CAR-T myeloma (Preclinical) Ide-cel (bb2121) granted FDA approval of |de-ce.
Breakthrough-therapy (bb2121) for myeloma??
Nationaux FR designation award by FDA

and PRIME by EHA Mars 2021: MM




FDA and/or EMA approved CART-cells

more than 30 years later ...

Suggest by Manufacturer

Prefix

Infix

Gene : for gene modification

Cabta : for Cells expressing Antibody and T-cells Activation
Leu : for Leucocytes

Suffix

Cel : For cell used for Cell
therapy

/Klte-’- arma

s Axi-cabta/gene-Cilo leucel (Yescarta) = axi-cel
U Tisa-gene-Lec leucel (Kymriah) = tisa-cel

Drug

Chimeric Receptor

Extracellular

Provider domain Disease indication Cells Pivotal Clinical trials
Market Generic Abbreviation Generation Co-stimulary signal Transduction Target MAbs
Acute lymphocytic leukemia Eliana (ALL)
KYMRIAH® Tisagenlecleucel tisa-cel Novartis Second 4.1BB Lentiviral CD19 FMC63  (ALL)/Diffuse large B-cell  Bulk PBMC --> CD3+/CAR+ .
Juliet (DLBCL)
lymphoma (DLBCL)
Axicabtagene . Diffuse large B-cell Zuma-01 (DLBCL
YESCARTA® cabtag axi-cel  Kite/Gilead  Second D28 Retroviral CD19 FMC63 LSS LA Bulk PBMC --> CD3+/CAR+ ( 0
ciloleucel lymphoma (DLBCL) PMBCL)
brexucabtagene Mantle cell lymphoma Zuma-02 (MCL)
TECARTUS® brexu-cel Kite/Gilead Second CD28 Retroviral CD19 FMC63 T-cells --> CD3+/CAR+
autoleucel / (MCL)/ALL Zuma-03 (ALL)
lisocabtagene ) » CD4+/CD8+ -->
BREYANZI® maraleucel liso-cel Celgene/BMS Second 4.1BB Lentiviral CD19 FMC63 Large B-cell lymphoma (LBCL) CD4+/CD8+ [1:1]CAR+ Transcend
idecabtagene . . .
ABECMA® ide-cel Celgene/BMS  Second 4.1BB Lentiviral BCMA  bb21 Multiple myeloma (MM)  Bulk PBMC --> CD3+/CAR+ Karmma

vicleucel




Heterogeneity for comparison between CART-cells use
CART constructs, production, cells, administration, patients, clinical trials, real life, companies...

Impact of T-cell Waiting time (Y9 3% '? O Steroids
compartment Impact of patient gé%#ﬁ gi%%é ®. .gj‘._@ Anti-IL-6 mAb
Auto/Allo T-cells condition 'eﬁ-g,'@' e%g@ CAO Anakinra
Intra-CAR-T Previous ) Bridging . Toxicity
. Patients Disease status
heterogeneity Therapy Chemotherapy management
N, Adults/Children @ Relapse/Refractory (R/R) Nl
’2’;: Comorbidity T Complete remission (CR) ! WW( )
4 D MRD neg ¢ =
Target L Autologous/universal donor q -, Single vs split dose
scFv e Unselected T-cell or o_f”_/'” Py = \:7 = Adapted to tumor
Costimulation (2d) ... = R CD4:CDS8 ratio U T E burden
Inter-CAR-T CAR Vect T-cells source / Lympho- Infusion
heterogeneity structure ector subset depletion schedule
-j_:; I_T; l__; Retro / Lenti I Fludarabine,_ e~ )
Transposons Cyclophosphamide, ~ LA
i kR RNA Bendamustine, il ol '

|_>

Alemtuzumab (CD52)



Acute Lymphoid Leukemia (ALL)

First ALL childhood CD19 CART-cells treatment

| The CAR T Cell
Revolution

Copies/ug of Genomic DNA
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Main keys of success :

100x to 1000x fold expansion and proliferation

Persitence of CART-cells
CRS Management (IL-6 / Tocilizumab)

The New Vork Times

Jan 2015, 30th Dec 2012, 9th

CSF
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Grupp et al, NEJM 2013



More complicated in Acute Myeloid Leukemia (AML) ...

Most of cell surface tumor (associated) antigens are expressed by normal hematopoietic stem cells

Saar Gill et al, Best Pract Res Clin Haematol 2019
Michelozzi et al, Cancers 2021

No leukemia-specific surface marker exists in all AML patients

Lack of a Leukemia-Specific Antigen for Use as Target for CAR T Cells

In AML all CAR T-cells are at an experimental development (early-stage clinical
trials)

Acute Myeloid Leukemia
(AML)

D123
CD33

Myelold stem cell

CcD123

Lymphoid stem cell

(C\ cD123

Lymﬁhoblast

CcD123

Most common AML cells surface markers targeted : CD33-CD123-CLL1-TIM3-
CD44v6-CD7-FLT3...
Myeloablation is a likely consequence of potent anti-myeloid CAR T-cell therapy

On-target/Off-
tumor toxicity

Clonal
Heterogeneity

els

Vil X X
Normal cells _ n LSC T
Cha"enges ’v:"‘." ‘:?: ”, ° .AMLbIasts
“u " N "." .’ il
‘®” 0, "
L b " . [}
CAR T-cells \ ® -
°
Relapse
* Neoantigens targeting *  Personalized approaches
* Ideal target *  Multi targeting ( dual, bi, CART..)
Solutions * AND and NOT logic gated CART

Modulation affinity scFv

Combination with KO HSC transplantation (ie CD33-/-)
Limiting persistence of CART

Dual with dissociated activating system

Red blood
cells

7
%

N

l'-n ¢

Platelets

Granulocytes

ST\

Basophil
9% 8 o @
.
ookl ¥#" B lymphocyte Natural
eutrophil 3 T lymphocyte killer cell

L s )
White blood cells

BM
Niche

« Hypoxia
Macrophages
MDSC
@

Personalized approaches

Switch receptor CAR

CAR Trafficking

Niche targeting (CAF, MSC..)
Combination with hypoxic sensors
Allogeneic CAR



Conclusion (1)
CART-cells generalities

* CART-cells (but also immunotherapy) are a revolutionary technological advance that change the therapeutically
practice and offer new alternatives for refractory / relapsed (R/R) patients

e Autologous CART-cells have been approved in B-cell malignancies (ALL, DLBCL, FL, PMBCL) and also in Multiple
Myeloma (MM) for R/R patients

* Toxicity of CART-cells : Adverse events (CRS and neurotoxicity) are better understand are now better managed by
physicians. What’s about financial toxicity?

* Currently, they are experimented in early lines of treatment (Soon in first line?)

* There is a need to find an ideal target and approaches in Acute Myeloid Leukemia (AML)
 Remain to be improve for solid tumor Cancers

* There are multiple (unlimited) possible improvements that can be imagine (Dual, 4t generation, universal,
combination, effectors ..)

* Allogeneic Gene Edited (GE) CART-cells or NK-CAR can be a promising approach, although that GE need to be more
secure
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Brief informations of Acute Myeloid leukemia (AML)

AML is an aggressive clonal expansion of myeloid blasts in bone marrow, blood or tissue
80% of adult acute leukemia and 3% of all cancers

(I De Kouchkovsky et al, blood cancer journal 2016)

Immunotherapy :

e Conventional Chemotherapy (Cytarabine, .
Daunorubicine, idarubicine, mixantrone) .

(M. W. McCarthy et T. J. Walsh, Curr. Oncol. Rep., mars 2017)

* Targeted therapy (FLT3, BCL2 inhibitors) .
(Leick, M.B. and M.J. Levis, Curr. Hematol. Malig Rep., April 2017) J
(Souers, A.J., et al., Nat Med, 2013) o

e Cellular therapy (Stem cell transplantation)
(I De Kouchkovsky et al, blood cancer journal 2016)

Monoclonal antibodies (CD45-CD33...)

Bifunctional antibodies (CD3-CD33...)

Checkpoints inhibitors (CTLA-4, PD-1/PDL-1, TIM3,
LAG3)

Vaccines (WT1)

Dendritic cells

CTLs (PR3)

Transgenic TCR

Chimeric Antigen Receptors (CAR-CD123, CAR-CD33...)

(Dolores A Grosso et al, Semantic Scholar, Cancer, 2015)

* Relapse in 30 to 80% of cases for patients not receiving allograft

Clonal heterogeneity of the LSC
Targets expressed non exclusively by Leukemic cells
Escape to the immune system

(Fumihiko Ishikawa, RIKEN Research, 2010)

- Need to target leukemic stem cells (LSC) by affecting the least possible healthy tissues




IL-1RAP as target on AML leukemic stem cells

T cell
(dysfunctional)

Therapeutic
anti:g:ies Therapeutic antibodies

Cycling
CD70
Therapeutic antibodies

Therapeutic antibodies f N

(K.Tasian et al, biomedicines,2018)

o —

CD47 €—— Therapeutic antibodies

SIRPa

Acou
@

Hyaluronic
acid

. . = Phagocytosis

Macrophage

Interleukin-1 Receptor
Accessory Protein

Data: Corces R. et al, Nature Genetics 2016 (GSE: GSE74246 & SRA: SRP065216)

Method: RNA seq on sorted population

Samples: n=81 : Normal: n= 8 donors / 49 samples; AML: n= 12 patients / 32 samples (AML at diagnosis & High risk +++)

@ Significant Non-significant PO
9 < IL-1RAP expression in AML and normal PB
™
= L (subgroup analysis)
Non-sianificant ~ Significant * AML CAR-T Targets
— — Koshab-Walis. g = 1 50-08
[ E
= k 3
g 15 = B
1 » e T T
[-% Q. - .
- 2 o - .
2 - ® i
[ E /
S s / ! \
T c | }
E E L i
< = o g 0 ~S }
s o T‘IMZ -% “-.\ /"‘
o ° z wu EE v
) o qoos 2 - ) -
] codt — T
' 1234  fums inl D4 Brel—. (DB . WK Mono  Blast  LSC
MicB a =
o acd D33 - f IL-1RAP expression

o 3 4 Normal cells Leukemic cells

1 2
Log2 Fold Change

* IL-1RAP is overexpress at the cell surface of Leukemic

Stem Cell (AML, MDS, CML).
Jaras et al. PNAS 2010; Askmyr M et al. Blood 2013

* IL-1RAP is not expressed in healthy tissue.
Zhang et al, Cancer Discovery, 2021

* IL-1RAP potentiates multiple oncogenic signaling
pathways in AML and promote leukemia.
Mitchell K et al. JEM 2018; De Boer et al, Haematologica 2020

* KO of IL-1RAP inhibits Cancer (stomach carcinoma).
Qing et al, Tech Cancer Res 2021

* Today, poorly targeted, excepted by using a monoclonal
antibody in solid tumors. clinical.gouv NCT03267316



Requirements for academic production of CAR-T cells in accordance with Good
Pharmaceutical Practice (GMP). Guidelines from the Francophone Society of
Bone Marrow Transplantation and Cellular Therapy (SFGM-TC)

Stages of development of CAR-T cells immunotherapy

Research From hypothesis to the proof of concept

Pre-clinical
development Transfer of production process and up-scale

%,
ST
Hypothesis (&

— Phase 1/1l clinical trial

Clinical
production of

innovative drug GMP production for clinical trial

BuIIet|n
P4 CANCER

Deschamps et al. Bull Cancer 2019 Sep 20



Research step: hypothesis

Based on Besancon UMR1098 (France) experience

The development of CAR-T cell immunotherapy starts by the hypothesis with the choice
of antigen to target.

What is the ideal antigen?

* Should be expressed by the tumor cell and not at all by the healthy cells
« Should not affect healthy tissue,

+ Should be express at the cell surface

» Its expression must remain stable

Antigen is a key selection with regard to specificity & safety

SecondarymAb  m-mAb IL-1RAP
mcgG (A303)- 1:20¢

MADb selection :2 et
(Specificity)

Interleukin-1 Receptor
Accessory Protein

Hypothesis
yp / Production of a monoclonal\ /
Choose a antibody (Mab, Hybridoma) %

tumor ta rgEt Immunisation IP or &
Foodpad of mice _



IL-1RAP mAb (#A3C3) staining in AML primary samples

Filothéque Cohort n=30 10 patients in each group of cytogenetic stratification (ELN) of AML

g8 “={ Blasts
<z ol WW gnocytes - i i i
Gating strategy 3| i . M yt Number of IL-1RAP antigenic sites

2 (] 1
CcD45 cD14

high i . 25000 -
. IL-1RAPhiE . IL-1RAPint A IL-1RAP'oW
g [ :36| & I 12, f : 11, —_
BIasts/LSng {II RFl 36 g / Rl:23 % R 18 g 20000 - ——
1gG1 Isotype : / gﬂf' g ; -
mmmm IL-1RAP mAntibody - B TR W e e @ 15000 -
§ g i " RFI:2.3 T _ a
Monocytes = : s J"l S 60004 .
: 4 4 o s &
b w0 w0t o 'E' 4Dm' — mzﬂ
< 2000{ ,a ﬁ G
-3 4.4+1.42 0 i 1—
E - & L] T L] L] L]
ha ) N ) i g
a > @‘? e}? @‘? CAlI X
26 _ & N & &N &
X w B .59@ ¥ & & S
T s & & ¢ & N
2 E 4, 2.61+0.31 I & & v & §
y— Ly RS &
% < 1.75+0.22 N = =N =
S @ 24 =
r e IQE@ﬁl
S 5]
=
“ 0 T T T
Low Intermediate High

(int)

IL-1RAP is expressed on primary cells of AML patients also at 3 levels « Low », « Intermediate » and « High »



Research step: Construction of the viral vector

CAR are engineered membrane protein that consist of
three main components:

-

Construction
of the viral Lentiviral supernatant
production %7
vector &
supern atant
K p rodu Ction/ Cloning withina == jur & Research unit
Ly i (UMR1098)

lentiviral backbone ‘a..]

Antibintic
Resistance
R Marker '

Molecular
sequencing
(Sanger)

120 130
GAT AAATCTGGTCTTATTTCC

MADb selection :2 s
(Specificity) 2

Production of a monoclonal

Choose a antibody (Mab, Hybridoma)

tumor ta rgEt Immunisation IP or e
Foodpad of mice _

Hypothesis / v




Production of a 3rd Chimeric Antigen receptor from IL-1IRAP mAb (#A3C3)

'
Viral vector £

n

Targeting

e -E’E Secure
ICASP9 suicide gene CAR IL-1RAP / 3e génération

Surface marker
Membrane protein ACD19

Elimination of the drug in
24-48h

Molecular characterization of the coding sequence

- 3tr generation: single chain linked to the CD28-41BB
and CD3z T cells activation signal

Linker Hinge
LENTIVIRAL VECTOR §| 1gVH(VDJmuC) r 1gVL(VImuC) | CD28 |4.1BB| CD3z
N scFv-IL-1RAP (#A3C3) T-cell activating domain
CAR vector T
3’sinLTR
IL-1RAP-CAR
Safety Targeting  gejection
switch /monitoring

3'sinLTR

v
Mock vector m—| EFla iCASP9 H—IACDIQI—E!-
P2A

For experimental purpose

cell

Transduction eficicency

Specific recognition of leukemia

of CD3/CD19+cells (%)

3'sinLTR

In-vitro monitoring/selection (production)

and In vivo follow-up (patients)

Transduction efficiency on primary T cells

100- o A 28 A ﬁ
?A A-fA
80- Opo [%E R
60—
A o A
40 [ @
20 |
0

1 1
MockT-cells CART-cells

O Healthy donors

CART-cells: 74.06% * 16.48

A AML patients
(Diag or R/R)
CART-cells: 88.1% + 9.28




Research step: the proof of concept

CART-cells
P ro Of Of Safety Cytotoxicity
Functionnality imiduci (in-vivo)
concept (in-vitro) B
AJ iCaspase-9 @? "? g g ﬁ
Transduction of T- o T .
lymphocytes o,
/ . (CART-cells) .
Construction
of the viral Lentiviral supernatant
production
vector &
Su pernata nt ol
K p rodu Ction/ Cloning withina == i ‘.. @ Research unit
PO s T (UMR1098)

Molecular
sequencing
(Sanger)

120 130
GAT ARAT C e R

Secondary mab
mcgG

MAb selection i} st
(Specificity) ®

| [
Hypothesis / v

Raji cell line
IL1-RAP

Production of a monoclonal

Choose a antibody (Mab, Hybridoma)

tumor ta rget Immunisation IP or e
Foodpad of mice _




In-vitro functionality analysis of IL-1RAP CAR-T cells :
Activation (CFSE), IFNy secretion, CD107 staining, co-culture cytotoxicity

Activation / Prolifération

3 Days of co-culture
Ratio Effector : Target (E:T) = 1:3

100
®  80{-
0
=] 1k
%E 60
]
= m. .......
E
o

o

n=4
*** . p<0.001

[ UnT T-cells (CO)
[ Mock T-cells
[ IL-1RAP CAR T-cells

CD4+ | IFNg+ cells
(% of PMA/lono resonse)

CD8+ / IFNg+ cells
(% of PMA/lono resonse)

100-
80{——— |
60{
40
20

IFNy Secretion

Over night co-culture
Ratio E:T =1:5

n=4
*** . p<0.001
** : p<0.01

Living cells (%)

Cytotoxicity
Cells lines

Viable cells

Allevents ===  Singulets w=——)]

' : ,;;.‘3.4 T-cells

100

80

60

40

20

w %

m ™

8 S

[0:4] [1:16] [1:8] [1:2] [1:1] [5:1] [10:1]
|Effector : Target] ratio

(Alloreactivity was substracted from data analysis)

CLELERCE X

Mock T-cells/HL60

Mock T-cells/MOLM-13
Mock T-cells/Mono-Mac-6
Mock T-cells/KU812 (+)
Mock T-cells/K562 (-)

CAR T-cells/HL-60

CAR T-cells/MOLM-13
CAR T-cells/Mono-Mac-6
CAR T-cells/KU812 (+)
CAR T-cells/K562 (-)

n=4
*** : p<0.001
** . p<0.01

These results show that CAR-T cells are functional



Validation of proof of concept IL-1IRAP CART-cells in AML

- Efficacy of IL-1RAP CART-cells against

Xenograft murine model
AML cells in R/R patients (/n vitro).

HL-60 Molm-13 Mono-Mac-6 Combinations  IL-1RAP CART-cells AML blastes
Settings Symbols Donor (D)
UT T-cells CART-cells UT  T-cells CART-cells UT  T-cells  CART- patient(p) | [Pi29 (P or Relapse (% | | Diag (0)or Relapse R)
' 2 ala'a & : g o) /P ‘Healthy donor #A | Patient #1 (D)
Iniecti fDTO : gﬁ ﬁ‘ O D/P Healthy donor #8 Patient #2 (D)
njectionor |- Mt A b ATA
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D10 80 - MockT-cells from Donor or
9 AML patient (Diag or R/R)
0
D17 g o
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(Trad et al submitted 2021)



Warda et al, Cancer Res. 2019 Feb 1;,79(3):663-675
Patent 1 : PCT/EP2018/081273

Research Step: Safety & Toxicity Patent 2 : 1H318460 5EP | May 2019

CART-cells
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IMMUNOSAFETY on human CD34+ cord blood engrafted mice model (hu-NOG)

CD34+ xenograft model

(hu-NOG)

Hu-NOG mice (engrafted
with hCD34+ cord blood cells
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Safety suicide gene iCASP9 / AP1903 [Rimiducid®] switch — in-vivo

Rimiducid
) -
=) o AP1903 iCaspase-9 S GMTC apoptosis
, binding Uati > Cleavage &
—7 . domain activation o ¢leavag . 0
“a / activation of ‘
> ©;
3 Caspase3 =——» =« &
““/ ” ' N
iCaspase-9 m Q o
Amount of CAR-T cells depleted
NSG mice model Amount of hCD45/CD3+/CD19+ (CART- after Rimiducid injection.
Rimiducid i.p. cells) or hCD45/CD3+/CD19-(C0O) - (RO)
12000 0D0 mD1
CART- or Control(C0)-cells 2 10000
[10.10E6] — (V) ] T -
' ' -+
NSG mice b+l g 8000 I [
D-3 D-1 DO [+24h AP1903] ~ = 6000
l 1 1 i b E T
2
< * * 0% 4000
£
CML Tumor cell line CID(AP1903) or PBS—(IP) T 2000
KU812 [1.10E6] — (IV) 1
8 0
£ PBS AP1903 PBS AP1903
Untransduced T-Cells (CO) IL-1RAP CART-cells
**: p<0.01, n=3

Activation of suicide switch allows to kill more than 80% of IL-1RAP CAR-T cells in 24h (88,9% after 48h), n=3



Status of IL-1RAP CART-cells development in AML

Patent 1 : US20210008108A1, field in 2017:11

Patent 2 : EP3744400A1, field in 2019/05
l Warda et al, 2019 Cancer Res.
RESEARCH Validated Haderbache R et al, 2021 J Transl Med

Warda W et al, 2021 Cancer Gene Ther
Neta Da Rocha et al, submitted
Trad Rim al, submitted

PRECLINICAL * Preclinical « GMP like » process validation - /n progress
VALIDATION * Preclinical GMP process validation / Regulatory dossier — Awaiting GMP raw material
CLINICAL TRIAL » Awaiting GMP preclinical validation

INITIATION OF A PHASE I/1IA DOSE ESCALATION CLINICAL TRIAL FOR CAR IL-1RAP



Preclinical step: Transfer of production process and up-scale

Experimental
Process

Buffy coat

PBMC isolation

T cell selection
and Activation
= Microbeads
B os/cooe s 12
|

v

Lentiviral transduction J"

Anti-IL-1RAP CAR

Expansion
v

Final product

(AT

B2 R

JO \, JO

v
®
°on

Pre-clinical
« GMP-like » process

Buffy coat

PBMC isolation

T cell selection
Magnetic sorting CD4/CD8

v
Activation
TransAct +IL7 /IL15
J
Lentiviral transduction
Anti-IL-1RAP CAR

Expansion

v

Final product

Outside clean room of pharmaceutical unit

» Transfer & up-scale all the process to GMP condition
« Automated and closed system production

» Characterize the final product

* Determine & validate QC delivery

Transfer and

Pre-clinical .
et improvment, up-scaling
== ling- . .
= Seanep validation

Final product analysis

*  Viability (Flow cytometry, FvD)

* Expansion Fold (Trypan blue count)

* Transduction efficency (Flow cytometry)
* Cell count (Trypan blue count)

* Composition (Flow cytometry)

* Transgene copy humber (ddPCR)

* Ratio CD4/CDS8 (Flow cytometry)

* Tcell subpopulation Immunophenotyping (Flow
cytometry)

* Exhaustion marker expression (Flow cytometry)




IL-1RAP CART-cells characterization in Final product:

100‘\._1_’_-

60-

Viability (%)

40+
20

Final product viability

- Viability of cells >95%
(95,00£1,15%) in final
product at day 9.

1501

1004

Expansion

50+

Cells expansion

- Strong cell expansion:
88,394146,323 expansion

Cells number (.10°%
w
1

n=3

T T T T T T 1 faCtOr
7 8

Cell count

— Number of CART-cells: in
final product: 1,55+0,48 X
1019 cells

Total IL-1RAP
T-cells CART-cells

100

CD3+ cells (%)

CD3+ CD19+ cells (%)

CD3+ purity CD4/CDS8 ratio

-

o]

(e}
1

(e}

o

1
CD4/CD8 Ratio

S

o]

N
h

T
Initial Product Final Product

Transduction efficiency

3 Copy of transgene

N
1

[E
1

Vector copy number

o

Product with high CD3+ cell purity
(98,93+0,86%)

CD4/CD8 ratio maintained during
the production process (3,96+1,90
vs 3,9610,89)

Transduction efficiency:
44,23%+16,55%.

Number of transgene copies per
cells: 2,50+0,70

- All parameters are in agreement for clinical application in a phase 1/1la clinical trial



Functional study of IL-1RAP CAR-T cells

Souris NSG W )
pBs (1x)  ymphocytesT  CAR-T cells
g T Injection i.v. Non transduits IL-1RAP
z *% * ~ )
IFNy secretion %6000 L MLono Meo6 } - -
< 50001 -2u§105 Jo B
& 4000 (2,5.1095)
§ 3000 )
E 20004 | |
§1ooo- 412 GE
TCR/CD3 8 o A‘-V

complex

100
é 80 y et ==
: o J19
E 60 ——
IL1RAP o Dégranulation
recombinant % 407 iﬂw
protein AAAAA E 20- NS CD107a) J34
Plate
0_
Milieu IL-1RAP Mono-Mac-6 K562
Pl:qant:r:::m IL-IRAP+ IL-1RAP-
Stimulation with target : 6h Test de cytotoxicité J38
Mono-Mac-6 cell line : IL-1RAP + g0y e Coculture : 24h
. + 1204
K562 cell line : IL-1RAP - %g 1004 W CAR-T cells IL-1RAP vs : ‘
5 E 80- @ K562 (IL-1RAP-) J41
53 607 Mono-Mac-6 (IL-1RAP+)
g T 407
3 20+ *p<0.05 ; ** p<0.01
o % 520,001 ; *** p<0.0001
1:4 1:2 11 21 41 J45
Ratio Effecteur : Cible n=3

— IL-1RAP CART-cells degranulate and secrete IFNy after IL-1RAP target exposure
(coated recombinant IL-1RAP Protein or co-culture with AML leukemic cell line)



Next step - GMP production and clinical trial
Besangcon UMR1098 (France) ATMP facilities

Clean and secure area:
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(biological material,
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Next step - clinical trial CRIStAL

CRIStAL Clinical Trial : Chimeric antigen Receptor IL-1RAP, Safety and efficacy
evaluation in relapsed and refractory Acute Myeloid Leukemia (AML)

Autologous engineered T-cells expressing anti-IL-1RAP chimeric antigen receptor,
administered in adults patients with Relapsed/Refractory Acute Myeloid Leukemia (AML)

CanCell 7
Therapeutics

Innovative Med

* Phase I-lla open label
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agency
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| CRIStAL * First in human study agency
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. . production
safety and clinical
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plat:z:nr:r(‘:m;nfoas) 3 ( Clinical
TR/ A1 Trial
Start

Phase | Phase I/l clinical trial



Academic CART Cell production: From the target to the patient...
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