B NSTITUT
N

XXXeme Congres - Marseille
de la Societe Franc;alse e Transfusion Sanguine

Du 24 au 26 novembre 2021

N EUNOPEENNE COMTE

llllll )
ooooooooo
FRANCHE

avec le Fonds européen de développement régional (FEDER)

UBFC

UNIVERSITE
BOURGOGNE FRANCHE-COMTE

OQ l CHRU
Production prgﬁ‘CImlque de CAR-T cells IL-1RAP "GMP-like"
&h vue d’un essai Clinique de phase | &

Expérience Bisontine &

Presented by : Marina Deschamps s

24 novembre 2021 <

lllllll

EFS Bourgogne Franche-Comté Unit INSERM UM§’1098 ‘‘‘‘‘‘‘‘ =1l !:ierm
Host-Tumor-Graft Interaction and Cellular and Genefic Engineering

Immuno-Molecular Cancer Therapeutlcs Fam(TIMC) CanCell 7~
%o Therapeutics
&

Gy




o\"f
&O

Founder of CanCell Therapeutics Q,c\"”%
Director manager of CanCell Thembeutlcs

X

&W
Conf([gm"t of interest

\0(\
0
6\)
KO



&W
Brief information of Acute Myeloid leukemia (AM&)
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AML is an aggressive clonal expaaél%ion of myeloid blasts in bone marrow, blood or tissue

80% of aduﬁ’ acute leukemia and 3% of all cancers

Q\‘e? (I De Kouchkovsky et al, blood cancer journal 2016)
&
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* Immunotherapy :
* Monoclonal antibodies (CD45-CD33...)
* Bifunctional antibodies (CD3-CD33...)

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

e Conventional Chemotherapy (Cytgﬁébme
Daunorubicine, idarubicine, m|xan1;crone)

(M. W. McCarthy et T. J. Walsh, Curr. On@»‘l\ Rep., mars 2017)

* Targeted therapy(FLT3 3&L2 inhibitors) LAG3)
(Leick, M.B. and M.J. Levis, Ctéb?’ Hemato/ Malig Rep., April 2017) * Vaccines (WT1) Q‘b\
(Souers, A.J., et al., Nat Mg&\ 2013) * Dendritic cells &
<& « CTLs (PR3) &
e Cellular therap&(Stem cell transplantation) - ““Transgenic TCR@ g
(I De Kouchkovle(@t al, blood cancer journal 2016) e Chimeric Ant;fen Receptors (CAR-CD123, CAR-CD33...)

(Dolores A Grosso Q&J/ Semantic Scholar, Cancer, 2015)

* Relapse in 30 to 80% of cases for patients not receiving allograft éo?'\
e Clonal heterogeneity of the LSC .,@""’%@
* Targets expressed non exclusively by Leukemic cells &c@\ (Fumihiko Ishikawa, RIKEN Research, 2010)
e Escape to the immune system o0
- Need to target leukemic stem cells (LSC) by affectlp?g the least possible healthy tissues
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IL-1RAP as target on AML leukemic stem cells ,Q@GQ

IL-18

T cell Interleukin-1 Receptor
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* IL-1RAP is overexprq@s at the cell surface of Leukemic

IFN-y © Stem Cell (AML, m&fs CML).
CD70 - Q <\\ Jaras et al. PNAS 2010; Askmyr M et al. Blood 2013
/ 8

* IL-1RAPis gﬁ expressed in healthy tissue.

Zhang et al, Cancer Discovery, 2021

V soF-1a
3 ‘;‘ \@\°
= g * IL-1RA potentiates multiple oncogenic signaling

g@f?\ways in AML and promote leukemia.

NK CAR L . Phagrer”® Mitchell K et al. JEM 2018; De Boer et al, Haematologica 2020
Macrophage ge?
8] * KO of IL-1RAP inhibits Cancer (stomach carcinoma).
\%\e’ Qing et al, Tech Cancer Res 2021
A\
(K.Tasian et al, biomedicines,2018) 6&0 .
<> * Today, poorly targeted, excepted by using a monoclonal
@S\QW anthOdy in solid tumors. clinical.gouv NCT03267316
=3
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Research step: from hypothesis to the proof o,g(cc‘i)ncept Right sz
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Based on Besangcon UMR1098 (France) experiences N
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Stages of development of CAg&”fecells immunotherapy
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Research From hyp%@f%esis to the proof of concept (2014 to 2020)
Q
. . 0
Validated N4 carrs
Proof of N safety ot Safety / Off- | .
concept (intre) - target toxicity | &%
W |t T EE $
Transduction of T- T - - _ i & —— -I:;')I:::;\:yin-vivo) Q'é\\
lymphocytes o & | <
) (CART-cells) = foop = § . Q>\'
Construction . &
of the viral Lentiviral supernatant @ GQ{b
@ vector & production @ @ "@QQ
q,'\ supernatant o . o(\&
(19 prOdUCtIOﬂ Cloning withina == rl Research unit (‘}\'

lentiviral backbone 5 (UMR1098)

Patent 1 : US20210008108A1, field in 2017:11
Molecular Mn FW Mnﬂ n ﬂ Patent 2 : EP3744400A1, field in 2019/05
“oangen) LI Warda et al, 2019 Cancer Res.

' Haderbache R et al, 2021 J Transl Med

Warda W et al, 2021 Cancer Gene Ther

Neto Da Rocha et al, submitted

Trad Rim al, submitted

1

MAb selection 33
(Specificity)
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Hypothesis / V
Production of a monoclonal
Choose d antibody (Mab, Hybridoma)

tumor target

Immunisation IPor |
Foodpad of mice ‘&
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Preclinical step: Transfer of production proces.%aQnd up-scale

Based on Besangcon UMR1098 (France) exper/enceéoo‘Q
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Stages of development of CAR&’f cells immunotherapy
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Research From hypﬁ\esis to the proof of concept (2014 to 2020)

&
Validated R
««’DQ N
K
Pr%‘ﬁ'“'cal Preclinical « GMP like » process validation g~\°
d(es?elopment Regulatory dossier — Awaiting GMP raw mate@/
\@9& On going é"’@@
(19()’ d%nsferand

Pre-clinical | 6 .
improvment, (G up-scaling
caling "@Q validation

CanCell 7~
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Preclinical step: Transfer of production process q(n’ﬁ‘a up-scale
&
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@& Outside clean room of pharmaceutical unit
S
O .
'9,/\ * Transfer & up-scale all the process to GMP condition
G’@é@ * Automated and closed system production
Experimental p é?-églinical * Characterize the final product
?\ro . * Determine & validate QC delivery
Process «GM -like » process
e Transfer and
JO ~ q\)\ Pre-clinical .
Buffy coat - 10> Buffy coat improvment, up-scaling
& ' - scaling-up . .
v & ' - 1 validation
1) Ooé;@ y LB
PBMC isolation %@ PBMC isolation &
P , &
,“ o)@ ¥ v \\<’\\'
’ I S T cell selection o
T cell selection o @ Og% Magnetic sorting CD4/CD8 &
and Activcad:‘i?,gﬁé\ | | Final product analysis
' 4=\ Microbe 0o Activation N
:j‘:l CD3/CD€B\+ 12 10 29 TransAct + IL7 / IL15 Viability (Flow cytometry, FvD)
?’ + | Expansion Fold (Trypan blue count)
) % 8 J1 Lentiviral transduction Transduction efficency (Flow cytometry)

. . . v
Lentiviral transductlonjZ I Anti-IL-1RAP CAR

Cell count (Trypan blue count)
Anti-IL-1IRAP CAR

Composition (Flow cytometry)

Expansion Expansion

Transgene copy number (ddPCR)
Ratio CD4/CD8 (Flow cytometry)

v v

Final product Final product T cell subpopulation Immunophenotyping (Flow

cytometry)

(AT

L LU L

Exhaustion marker expression (Flow cytometry)
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IL-1RAP CART-cells characterization in Final prod@g@%:

Final product viability Q@b‘)
\0&
> Viability of cells >95%
(95,0041,15%) igefinal
product at de@"%.
4
&0
\)%
&O
ays .QQ\
Cells expanslm"\l

100‘\._1___-

80-
60-

Viability (%)

404
20

1501

N
XS
3\
§ 100- oé\}%
g <& > Strong cell expansion:
X 501 .
. @ 88,394+46,323 expansion
0+ > factor
01 2 3 4 5 6<b. 8 9
Da)‘/i@
\Z
ges Cell count
o~ 5-
5 3 —> Number of CART-cells: in
g final product: 1,55+0,48 X
2_.
" 1019 cells
T 17
O
0_
Total  IL-1RAP

T-cells CART-cells

n=3

CD3+ purity CD4/CDS ratio

8-
1007 . - Product with high CD3+ cell purity
2 807 T (98,9310,86%)
S wof 2.
S Lo 2] —> CD4/CD8 ratio maintained during
o- . the production process (3,96+1,90
Initial Product Final Product VS 3 96i0 89)
~ 100- . ) X
S Transduction efficiency o
© 80 N\
(] \@
© 60 N . U
o ¢~ Transduction efficiency:
Q 404 NE
5 @ 44,23+16,55%.
& &
Q &
O <
<
S
>
£ 31 Cop\ggé‘? transgene
= S
S 2 ©
S & - Number of transgene copies per
S 14 cells: 2,50+0,70
§ 0
9
N
&

-=> All parameters are in agreement for cIinicéag}%pplication in a phase I/lla clinical trial

N
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Phenotypic profile of IL-LRAP CART-cells in Fin
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((\Q)
aokcibroduct

2O

CD3+ cells

Immunophenotyping
(Memory/effector
profile)

2
C\Q)

Exhaustion mgftkers
expregéi'bn

n=3

— The final product shows mainly a memory profile

CD8+ cells

15.45 %

N
o0

CD4+ cells

14.07 %

4217 %

34.47 %

B Ty (cD45RA+, CD95-, CCR7+)

TScM (CDA5RA+, CD95+, CCR7+)
[ Tcm (CDA5RO+, CD95+, CCR7+)

0 Tem (CD45RO+, CD95+, CCR7-)
[0 Tes (CD45RA+, CD95+, CCR7-)

Labeling Antibodies

o [ wes

1 B o
B | s
| E

agfd a low expression of exhaustion markers.
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Functional validation of CART cells « GMP-Like » Qpbst thawing

Pre-clinical

« GMP-like » process
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Buffy coat &

PBMC |&o(lat|on
’b

S
0(\

;§°cell selection
Mb%net/c sorting CD4/CD8

Activation
TransAct + IL7 / IL15

Lentiviral transduction
Anti-IL-1RAP CAR

Expansion

Final product
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D9 Cryopreservation
D;,0 ,5 Thawing
Culture / Expension

D47 ,3’ Fonctionnal tegf‘

\0

&
.\o
(\\

&
* Degranulation : gﬁon expression (Flow cytometry)

‘O
* IFNy secretlgﬁ (Elisa)

Q)
* Cell cy{p‘foxmlty ( Flow cytometry)
. Mgt‘abollsm analysis (Seahorse)

&O‘rranscrlptomlc analysis (Nanostring)

* In-vivo cytotoxicity (Xenographted NGS model)
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Functional study : CD107a expression and IFNy sgé’retlon against leukemic cells

(‘)QV
o . . .
Q@b Stimulation with target : 6h
&Q,@ Mono-Mac-6 cell line : IL-1RAP +
A9 K562 cell line : IL-1RAP -
2
&
'Q)"O .
& Degranulation
© IFrNy assay
S CD107a assay IFNy assa
TCR/CD3 O\)
complex
i on 100 8000-
\’)\(\
QQ’ Fkkk
- 80_ T 1 _
IL-1RAP f\% — c 2 60004
recombipant Q\O/ © ~k~k~k~k g 8
protein 4 A A A A 1)‘3_:" 60— S g é
Plate © 8 % O
¥ P4 O 5 4000-
~ Q o z
S 9 404 o 8
—A o —
8 3 >
1 Unlransduce@?? cells g L 2 50004
Il 'L-1RAP g&hT-ceus 20—
X Not de{@table (<25pg/ml) - K
ns : B0t significant 0- oc‘;\\oo-
Medium IL-IRAP  Mono- Mac 6 K562 @6 Medium IL-IRAP  Mono-Mac-6 K562
Reombinante protein ) Reombinante protein
n=3, ¥¥** p < 0.0001, *** P < 0.001, \Qf
** P <0.01,* P <0.05 <°
o
@
&
'0"9
<
\?’

— IL-1RAP CART-cells degranulate and secrete Igﬂy after IL-1RAP target exposure
(coated recombinant IL-1RAP Protein or co- gq/ﬂture with AML leukemic cell line)
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Functional study : Cytotoxicity of IL-1RAP agalnstJeQukemlc cells
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Cytom?(lmtv
7- AMD staining
&
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prd 1 1 1

n=3 1:4 1:2 1:1 2:1 4:1

Ratio Effector : Target

Co-culture: 24h
Mono-Mac-6 cell line : IL-1RAP +
K562 cell line : IL-1RAP -

@ IL-1RAP CART- @%Ils vs K562

@ IL-1RAP CARe‘I’\ Cells vs Mono-Mac-6

(\\
n=3, **** P < 000045 ** P < 0.001,

** P < 0,01, *P@GS
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Functional study: xenograft murine model (Ong@?ng)
Q&

S
&
«@
@
Souris NSG &00 -
Ugtreated LymphocytesT  CAR-T cells
Injection i.v. Q}*@ Non transduits IL-1RAP
Mono-Mac-6 ) :
-Luc Mg i =
2,5.10 4O fs
. L, k :
CART GMP-like <07 )

Q
1.105 “¥10° CO/CART-cells

e
— 1 i 1 1 1’

110°-5.10°AML Iweek o0 0 g L3 4
blasts earlier

Q,\

\’)\0
=> IL-1RAP CART-cells eliminate AML Ieulgé‘?nic cells in xenograft murine model

Q
o0

100

Percent of survival

I

]

T T T T T T 1
20 40 60 80
Days ongoing

— PBS (1x) (n=6)
— T-cells (n=6)
=— |L-1RAP CART-cells (n=6)



Clinical production of innovative drug <
Based on Besangon UMR1098 (France) experiences
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Stages of development of CAR&’f cells immunotherapy
&o\
<«

Research From hyp%@t%@esis to the proof of concept (2014 to 2020)

&
Validated R
&&O 6\
&
Pr%‘ﬁ'“'cal Preclinical « GMP like » process validation ef
d(es?elopment Regulatory dossier — Awaiting GMP raw mate@/
900 On goin "’5&
N Vg Clinical N

P

production of
innovative drug

- eamm&) Regulatory
Dosswr«@Q agency
for reg®latory
GMP
production

Clinical
Trial

In comming

CanCell 7~
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. -~ . ¢ Reglementation européenne - CE 2007-1394
Next step - GMP production and clinical trial N
Besancon UMR1098 (France) ATMP facilities 606\\

CART cells

Médicaments de
thérapie cellulaire
somatique

Médicaments de
thérapie génique

Clean and secure area:
Airlocks and Grommets
(biological material,
consumables, waste)

Médicaments issus de
I'ingénierie cellulaire
ou tissulaire

.s\\?)‘
&
Sr
nsMm
‘ ﬁ e Regulatory
Automated @Q{b{k S agency
progess féQ Dossier
. for regulatory agency
> [ _
LAF &S GMP
production
5‘0 Clinical grade production
&
<
©
©
9
<8
S
O
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Next step - clinical trial CRIStAL &

CRIStAL Clinical Trial : C\bsfmerlc antigen Receptor IL-1RAP, Safety and efficacy
evaluation in rela@sed and refractory Acute Myeloid Leukemia (AML)

Autologous engineered T-cells engessmg anti-IL-1RAP chimeric antigen receptor,
administered in adults patlentg‘vvlth Relapsed/Refractory Acute Myeloid Leukemia (AML)

6\\'0
\
Phase I-lla open label
- Sgén:,m Regulatory
Dose-escalation & agency
<
'QQ Dossier

for regulatory agency

| CRIStAL

First in human study

Evaluation of the

[ GMP }
roduction
safety and clinical p
activity cnr;éc::{ 3')'"5

Biomonitoiing ‘ ..
plateforra {UMR1098) B % | [ Clinical J
A \\' 7 /

Phase I-lla

Trial
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Academic CART Cell production: From the targeﬁo the patient...

cﬁ:
@Q\o CART-cells
Proof of \e-* Safety Cytotoxicity S afety / Off-
Functionnality &O Rimiducid ('" V'VO) L.
concept (in-vitro) 6‘@9' ,,‘ - i target toxicity
{Q)%e iCaspase-9 J t - m::s- g%_ .:r“ :11‘ - R T . .
@ ‘m‘ b == Toxicity
Transduction ofé‘{o\ o " | (TMA; in-vivo)
lymphocytes o, i ¢
. (CART-
Construction N Transfer and
of the viral Lentiviral supernat@q Wi - improvment, up-sca li ng
; Ll ling- . .
vector & e : ¥ Seeneep validation
6 -
supernatant <&
. 66 s
\p rOd UCtlonJ Clonjigfwithina == ‘oo . @ Research unit N
Ier;(tlvq& backbone g o i (\ﬁ vl Regulatory
éé’@ D&Qler for agency approval
fesulatory agency

%0
,\© Molecular
,I,Qq’ sequencing
(Sanger)

GA ‘11.?.[?"\:., CTGGT 1301 Y IEE 4 3 - G M P
e A Ve production
MAb selection i} [
(Specificity)  * ' Clinical units
;53; X114 X118 (CHRU)
Hypothesis — o 7.
yP / Production of a monoclonal\ / sz;::;ot:n:ng P Clinical
Choose a antibody (Mab, Hybridoma) % Trial

tumor ta rget Immunisation IP or &
Foodpad of mice &
o
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Implantation au sein d’'un environnement prog«ée

L'ensemble des acteurs est réunis dans un périmég@\ réduit facilitant les interaction
O
6\)

CHNIQUE & SCIENTIFIQUE

c"“.. -

UNIVERSITE
BOURGOGNE FRANCHE-COMTE

® Animalerie !

Plateforme de

OJ . . .
:ﬂM-C Equipe-Immunothérapie | Biomonitoring
) clinique
%,0(9 AIT Equipe-Transplantation nghF (ClCc1431)
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