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Advanced cell therapy



Advanced Therapy Medicinal Products (ATMPs)

Gene Therapy Somatic Cell Therapy Tissue Engeneering
Medicinal Products Medicinal Products Products
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Zolgensma
e > HOLOCLAR
U, avexis Exvivoexpanded autologous human

comeal epithelial cells containing stem cells

0 ZOLGENSMA HAS BEEN Q¥ -
APPROVED BY THE FDA! B &
NDC 007E-0B48-19

tisagenlecleucel jumnrcur.” mom
= pension for on
Bl OKYMRIAH™  Giesmeican e

Targat Total Volume 10mL-50mA par bag IDispense with Medication Guide
Dusage: See prescrbing infoematian.

Gomtains 2 1 10° te 2.5 x 107 CAR-postwe vizhle T cells
Cryspraserved in: 11.25% fufv] af Plasme-Lyte A, 31:29% fu'v] of 5% Dewtrosn/ 45%
308U chbride. 2% (') o1 25% HEA. 10% i) of 10% Dantcas 40 (LMDNS Dastruse
) and 7.55% ) OMED :
Store at < -120°C; wagor phase of iguid nitrogen 16210 Juhn Doe
4 Pl ideialy rended ecpimst md goguct D001 A-Z000
Do o g leskacyle deplitiog lfer Ltk d fEL

Pramaeuticals

nnnnnnnnn




Treatment options for cancer

= Targeted therapy
Standard therapy

Survival —

2 3

c .
—

= |mmunotherapy
Standard therapy

0 1 2 3
Years after diagnosis



d Infected Effector T cell
cells/tumor (CD8")

Reduced
production
of autocrine
paracrine cytokines

b Inhibitory APC for Effector 1‘ cell
T cell priming (CD8")
Depletion of

CD80 and CD86




CANCER MUTATIONAL LOAD vs IMMUNOGENICITY
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Lawrence et al, Nature, July 2013



CANCER MUTATIONAL LOAD vs IMMUNOGENICITY

killer T-cell

g \ Y immune
tolerance A 41 detection &
€ y ~attack
peptide with

Self-peptide
HLA/MHCI

mutation

E proteins with

normal proteins .
= mutations

genomic
mutations

normal cell : cancer cell

© K. Vermae len 2018



EXPRESSION AND TRANSLATION OF SILENT DNA

uORF Main ORF AAAAA ORF

mRNA IncRNA

Nucleus

Ribosome No function (translation noise)

Cytoplasm

k.
Translation-dependent, product-independent function

MAAAAA
'

" ™ Product-dependent function
~ F = L

antigen-based
Immunotherapies

Proteogenomic identification of
alternative neocantigens

Validation of immunogenicity

« in wifro expansion of necantigen-
specific T cells from healthy subjects

« correlative studies on the Leucegene
AML cohort

Potential for universal off-the-
shelf immunotherapies

* CAncer vaccines
= adoptive T cell immunatherapy

Wei and Guo Science 2020
Ehx Immunity 2021



TUMOR-SPECIFIC ANTIGENS

MUTATIONS EPIGENETICS

Patient-specific General expression
Associated with ?

favourable prognosis

High expression Low expression

Bind to MHC Preferentially bind to MHC
Immune “non-self” Immune “self” ?

Immune responses Immune responses ?

Can induce remission Can induce remission ?




| MIDRIXNEO: ATMP Design

| J
MIDRX
NEO
PRODUCTION OF AUTOLOGOUS DENDRITIC CELLS
- > ' >
L | / IL-4
1 L\ | LEUKAPHERESIS MONOCYTES IMMATURE DC
/)] A PRODUCTION OF NEOANTIGENENCODING MESSENGER RNA

YU WES+RNAseq

Ry TUMOR +
ML MS-BASED
Gy T

BLOODSAMPLE IMMUNOPEPTIDOMICS

6 patients with resectable NSCLC

o

MATURE DC

VAR
oesemvece | | WA LB
T4 VAN

NEOEPITOPE PRODUCTION OF
PREDICTIONAND NEOANTIGENENCODING
SELECTION TMG mRNA

Intrapatient dose escalation
Dose 1 ->Dose 5
10x108 DC -> 100x10° DC

Brabants et al. Cytotherapy 2018
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MIDRIXNEO-

LUNG patient case 1808-05

DMSO NeoAG1 (KIR) PP NeoAG?2 (SEL) PP NeoAG3 (QCL) PP NeoAG4 (EMC) PP NeoAG5 (HLT) PP
3CD8+IFNg+ 1CD8+IFNg+ 3CD8+IFNg+ JCD8+IFNg+ 1CD8+IFNg+
| 002 0.1 | 000 0.00 | ooz
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3 E . E T E : 3 .
; ! 5 ﬂ‘:? E j Joline Ingels
1CD8+IFNg+ 3CD8+IFNg+ 1CD8+IFNg+ 1CD8+IFNg+ 1CD8+IFNg+ 1CD8+IFNg+
0.00 0.17 0.02 0.02 0.07 0.26
post Istvax | ] ' 1 1 .

1CD8+IFNg+ 3CD8+IFNg+ 1CD8+IFNg+ 3CD8+IFNg+ 3CD8+IFNg+ 3CD8+IFNg+
0.06 0.59 0.08 0.04 0.11 0.01
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3 3 E | 3 i
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] ] ] ] _ s * no reactivity in TILs
= NN ¢ I C I S N S A N N * no CD4 responses in blood
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Immune therapy : Hodgkin’s Disease

B samples

SN . == Amplification
g o 0= === Deletion

Location |

B2M

Mutations-
All cases

Mutations-
Individual cases
Case 2

Case 3

Case 4

Case 5

Case b

Case 7

Case 8

45,010,357
1

44

BRTES

A splice site
A start lost
A Frame shift
A Missense
A Stop gained

Chemotherapy
Immune checkpoint inhibitors
Combination therapy

CD30 CAR-T cells
EBV-specific CTL




Part Il Passive immune therapy
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CANCER MUTATIONAL LOAD vs IMMUNOGENICITY
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Lawrence et al, Nature, July 2013



Chimeric Antigen Receptors

B cell GENERATIONS OF CAR MOLECULES
(malignant/normal)

)

1 st 2 nd 3 rd
mAB anti-CD19 (
\mgé\'

CAR anti-CD19 V CD19

scFv

A
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transmemebrane dr;i:qi?n Mgﬁa Mﬁm m%ﬂm -- j . 8148

ﬁ(ﬁm Wﬁm D3 CD28, 4-1BB, OX40,

CD27 or DAP10

CD28, 4-1BB, OX-40,
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CD3
6 CD27 or DAP10

CD3

cD3
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A Duration of Remission
1.0

CAR-T Cell Therapy ;o

0.7
0.6
0.5
0.4

0.34

Probability of Continued Remission

0.24
No. of patients, 61

014 No. of events, 17
mm T-EH“ ilfl.lﬂm Median duration of remission, not reached

0.0 T T T T T T T T T T

0 2 4 6 8 10 12 14 1 18 20

- r e, Ir_- - | Months since Onset of Remission
r'i 1 [ 3 . No. at Risk 61 54 43 33 23 18 8 7 3 1 0
A\
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For autologous use only
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Antigen negative relapse

Activated CART cell Antigen escape Lineage switch Antigen downregulation

Antigen recognition, No antigen recognition, No antigen recognition, Antigen recognition,
T-cell activation, and no T-cell activation, and no T-cell activation, and minimal T-cell activation, and
tumor cell killing no tumor cell killing no tumor cell killing inadequate tumor cell killing



Antigen negative relapse

Activated CART cell Antigen escape Lineage switch Antigen downregulation

@
@@@

Antigen recognition, No antigen recognition, No antigen recognition, Antigen recognition,
T-cell activation, and no T-cell activation, and no T-cell activation, and minimal T-cell activation, and
tumor cell killing no tumor cell killing no tumor cell killing inadequate tumor cell killing




Dual-specific approaches

o 0 wa | i o
| |

Pooled CAR populations Double transduction Tandem CARs

Polyspecific binding domains

s
]

Secreting CAR

Frigault and Maus JCI (2020)




nanoCARs

convential antibody

4 N\
S -
& scFv

\ 4

scFv based CAR Tandem CARCAR

4-1BB/CD28
CD37

Adapted from Chanier et al. Antibodies 2019, 8, 13

heavy chain only antibody

4 VHH = Nanobody A

VHH based CAR Tandem nanoCAR

nanoCAR



Dual-specific nanoCARs

L L
. .

Tandem CARs

CD20-HER2 nanoCAR

100+
90+
80-
70-
60-
50-
40+
30-
20+

104 - — \.

%dysis

LI

Stijn De Munter

Jurkat NTD

Jurkat CD20"
Jurkat HER2"
Jurkat CD20"HER2"



Actakines
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Huyghe et al EMBO MOL MED 2020



Nanobody based dual specific targeting

PBS CD13-AFR
180+ 180 -
— 1204 — 120
£ E
E E
73] i
= g0 g0
0 ] 1 | | | | 0 I 1 1 ] I |
12 17 22 27 32 37 12 17 22 27 32 ar

Days after tumor inoculation Days after tumor incculation

(/i\(/.\(/;\
CART: PBS CAR T: CD13-AFR

TSI (mm?)
TSI {mm?)
Z
1
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1204 1204
G0 -1
o 1 I I | ] | o 1 1 | 1 I I
12 17 22 27 32 kT 12 17 22 27 32 T
Days after tumor inoculation Days after tumer inoculation
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Nanobody based dual specific targeting
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Antigen negative relapse

Activated CART cell

Antigen recognition,
T-cell activation, and

tumor cell killing no tumor cell killing

Antigen escape

No antigen recognition,
no T-cell activation, and

Lineage switch

@
@@@

No antigen recognition,
no T-cell activation, and
no tumor cell killing

Antigen downregulation

Antigen recognition,
minimal T-cell activation, and
inadequate tumor cell killing




DLBCL PDX (Rituximab resistant)
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Immune therapy : CAR-T

/ Target antigen \

-

* Expression
e Off-target

Examples:
e CD19
« BCMA

/ Potency

* Checkpoint inhibitors
e Actakines/cytokines
* Dual specificity

* TCR-based CAR

* CRISPR engineered

e Off the shelf CAR
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