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Tumours and the immune system
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e Cancer cells present self-
peptides on self-MHC,
with exceptions.

* Neoantigens through
mutations

* Neoantigens through
tumour-specific expression

* Tissue-specific expression

* Overexpression (Gejman et
al. eLIFE. 2018)

Coulie et al. Nat. Rev. Cancer. 2014.

Tumours and the immune system
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Tumours and the immune system
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Tumours and the immune system

* Some tumours learn to express a multitude
of co-inhibitory/stimulatory receptors.

* Normally expressed on APCs to regulate the
immune response.

Current Opinion in Immunclogy

Crespo et al. Current Opinion in Immunology. 2013.



Tumours and the immune system

Lymph Node

Anergic T Cells

-induced non-responsive
state as part of peripheral
tolerance.

-Low IL-2 production.
-Long-lived cells
(immunosuppressive role?).

-
SESSA LIENY, TNFO,

Exhausted T Cells Cytotoxic
CD8+ T-Cell

-Unresponsive state-loss of
effector functions.

-Long-lived and cell cycle arrested.
-Accumulate due to chronic
infection or disease.

-Stable expression of inhibitory
receptors.

-Layered co-inhibition (in function

of repeated-activation). I - .0

Senescent T Cells
-Accumulate in an oligoclonal-
manner.

~Occurs as a results of ageing
andlor chronic infection,

because of damaged DNA.

Immunosuppressive roles

~Cell cycle arrest may be induced

et
Telomere
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Stem-like T Cells

-Long-lived-quiescent oh
-Self-renewal characteristics.
-Potent anti-tumor immunity.
~Th plasticity.

P

Current Opinion In Immunology

Huff et al. Int. J. of. Mol. Sci. 2019

Horton et al. BJC. 2018.

Crespo et al. Current Opinion in Immunology. 2013.
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Re-establishing anti-tumour immunity

Immune checkpoint blockade CAR-T cell therapy
OB T TCR First generation CAR  Second generation CAR  Third generation CAR

tumour progression

Linker

FasL-Fas
interactions Antigen-induced dysfunction
DNA damage
—
Ag binding
Apoptotic CD8* TIL
—
| TMB
Agonist
anti-4-1BB mAb
&l —
. I signaling
Checkpoint blockade L

MDSC

CD8* TIL survival
tumour regression

- MHC-independent recognition of antigen

Huff et al. Int. J. of. Mol. Sci. 2019

Horton et al. BJC. 2018. 7
Crespo et al. Current Opinion in Immunology. 2013.

June et al. Science. 2018.



FDA-approved therapy

Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory Large B-Cell KTE-X19 CAR T-Cell Therapy in Relapsed or Refractory Mantle-Cell
Lymphoma Lymphoma

Satwva S. Neelapu, M.D., Frederick L. Locke, M.D., Nancy L. Bartlett, M.D., Lazaros ). Lekakis, M.D., David B. Miklos, M.D., Ph.D., Caron A. Jacobson, M.D., M.M.Sc., Ira

Braunschweig, M.D., Olalekan O. Oluwole, M.B., B.S., M.P.H., Tanya Siddigi, M.D., Yi Lin, M.D. Ph.D., John M. Timmerman, M.D., Patrick J. Stifl, M.D. et al. Michael Wang, M.D., Javier Munoz, M.D., Andre Goy, M.D., Frederick L. Locke, M.D., Caron A. Jacobson, M.D., Brian T. Hill, M.D., Ph.D., John M. Timmerman, M.D., Houston

Holmes, M.D., Samantha Jaglowski, M.D., lan W. Flinn, M.D., Ph.D., Peter A. McSweeney, M.D., David B. Miklos, M.D., et al.

Shipment of CAR T-cells to the hospital

CAR T-cell
production

Chemotherapy

= Shipment of T-cells (lymphodepletion)

< to the laboratory
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Side effects

@
e ® ’O ot @ Neurotoxicity
o @ Endothellal ® Delirium
@ Endothellum actlvatlon Aphasia
= — Seizures
Pericyte Cerebral edema
) ® Intracranial hemorrhage
Altered blood- Increased vascular
brain barrier permeability
Inflammatory Macrophage Hemodynamic instability
cytokine release mediator release Tachycardia
Hypotension

Capillary leak syndrome

Organ dysfunction

AST and ALT elevation
Hyperbilirubinemia
Respiratory failure

June et al. Science. 2018.



CANCER IMMUNOTHERAPY

An RNA vaccine drives expansion and efficacy of
claudin-CAR-T cells against solid tumors

Katharina Reinhard™, Benjamin Rengstl*, Petra Oehm’*, Kristina Michel', Arne Billmeier’,
Nina Hayduk’, Oliver Klein', Kathrin Kuna', Yasmina Ouchan’, Stefan Wall", Elmar Christ’,
David Weber?, Martin Suchan?, Thomas Bukur?, Matthias Birtel’, Veronika Jahndel’, Karolina Mroz,
Kathleen Hobohm?, Lena Kranz'!, Mustafa Diken?, Klaus Kiihicke?, Ozlem Tiireci't, Ugur Sahin'?~>+1

* CAR-T cell therapy for solid tumours challenging and much less effective.

* One key hurdle: limited number of cancer-specific cell-surface targets — to limit off-tumour on-target toxicity.

biontech.de ~ B I o E C |'_|

BioNTech: We aspire to individualize cancer medicine

At BioNTech we believe that every cancer patient's treatment should be individualized. Our
vision is to provide patient-specific immunotherapies worldwide
Careers - Covid-19 - Our DNA - BioNTech US Page Not Found

We are aiming to
address the global
pandemic

Our goal is clear: making a potential
vaccine available worldwide as
quickly as possible
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No significant expression of claudin 6 (CLDN6) in more than 160 non-
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cancerous human samples from more than 50 adult tissues
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Frequently expressed in solid human cancers:

Testicular
Ovarian
Uterine

11
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IHC analysis of Claudin 6

— Human tissues

Cancer

Testicular Ovarian Lung

12



Design of second generation CLDN6-CAR with 4-1BB costimulatory
domain

CLDN6neg human COLO-699N lung carcinoma cells were transfected
with increasing amounts of CLDN6 RNA and assessed for killing by

ELFDNE' High-binding affinity in CAR-T cells: High lysis even at low expression levels.
SCFV nanomolar range

o CD8 hinge g 13 A ,
T % - }
4-1BB © 0.1 ]
;n;l_ g 0.01) & )
00.001 _‘Lﬁm N H
o CD3E 0 50 100
—p CLDMNE Lysis [%]
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Assessing the specificity of the CLD6-CAR

 CLDNS3, 4, 9: expressed in ‘normal’ tissue. E CLDN3 CLDNA

 Homology between first extracellular loop
(target) and CLDN3, 4, 9:

* 81% —
-
e 85% e
. 98% =
(o]
y : CLDNG CLDN9 &
* Cross-reactivity can be a risk! I 20

* However, only CLDNG6 transfected cells were
killed: precise targeting by CLDN6-CAR-T

cells.
;rf‘» CLDN

Isotype antibody  target antibody

CLDN3
CLDN4
CLDMB
CLDNS



Measuring immune activation

Co-culture with CLDN6-
CAR or nontransduced T ~ )
cells

F

CLDMNE/ CLDNS* cells [%5]

[FMy [ng'ml)

Activated CD4/ CD8 [%]

Surface expression

100
m CLDN&
= CLDN9
50
D- T Ll L] T L} T L} LI L] ﬂ
254 IFN gamma secretion
mm CLDN&-CAR-T
= non-transd. T

Expression of activation markers

mm CD4"0OX40* CD4+
— CDs*4-1BB* CD8+

40

20
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MIH-COWC AR-3
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LCLC-103H
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COLO-699-M
HEK-293
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FA-1-CLDMNS
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Human tumour cell lines

-

IFN gamma secretion and upregulation
of activation markers upon coculture
with CLDN6+ but not with CLDN6-
targets
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Spheroid eGFP signal

1.2x107
0.9x107 1
0.6 x107 1

0.3x107

Killing of ovarian carcinoma spheroids

CRISPR-Cas9—mediated
genetic knockout

PA-1 PA-1-CLDN6™"

== NON-transd. T
= - non-transd. T

0

24 48 T2 86 120 144 188 192 216 240 284 288
Time [h]

{g == CLDNB-CAR-T + PA-1
\ - . CLDNB-CAR-T + PA-1-CLDN6&*

+ PAA

+ PA-1-CLDN&™"

CRISPR-Cas9—mediated genetic
knockout completely abrogated
CAR-T cell recognition of PA-1
spheroids, confirming target
specificity.

Effective clearance of CLDN6-pos
spheroids.

16



In vivo antitumour activity of human CLDN6-CAR-T cells in mice
xenografted subcutaneously with human tumour cell lines

1,500- * Mouse is not suitable species in general as binding
affinity to mouse CLDNG6 ortholog is 15x lower.

E * Mouse expresses CLDN6 in some postembryonic
1,000- lg somatic tissues.

« Still, all mice undergoing adaptive cell therapy with
single CLDN6-CAR-T cell dose experienced
complete tumour regression, compared with rapid

— CLDNe6-CAR-T tumour progression in controls.
GFP-transd. T

200

Tumor volume [mm?]

0
-10 -5 0 &5 10 15 20 256

Days after ACT

‘ Powerful system to target solid tumours.

17



Limitations for solid tumours

Engraftment and persistence of transferred CAR-T cells are known to be critical for their clinical effect.

In hematological malignancies, CAR-T cells are directed against lineage antigens of B cells (usually CD19) and
encounter their targets on the host’s normal and malignant B cells.

These act as antigen-presenting cells that provide strong proliferation signals and promote persistence of CAR-T
cells.

However, in the solid-tumor setting, the frequency of CAR-T cells typically declines rapidly.
* impaired accessibility of CAR-T cells to tumor cells within solid lesions.
* absence of proliferation signals when CAR-T cells encounter the target in an immunosuppressive tumour microenvironment.

18



Surface expression of CLDN6 on APCs

) .. A Anionic mRNA
e Usage of intravenously administered )

liposomal antigen-encoding RNA (RNA-LPX).

* This nanoparticulate vaccine delivers antigen +
to APCs in the spleen, lymph nodes, and bone  gationic Liposomes
marrow. )
+ {
e CAR-T cell-amplifying RNA vaccine (CARVac). 9K
+
+

Published: 01 June 2016

Systemic RNA delivery to dendritic cells exploits
antiviral defence for cancerimmunotherapy

Lena M. Kranz, Mustafa Diken, Heinrich Haas, Sebastian Kreiter, Carmen Loquai, Kerstin C. Reuter, Martin
Meng, Daniel Fritz, Fulvia Vascotto, Hossam Hefesha, Christian Grunwitz, Mathias Vormehr, Yves
Hisemann, Abderraouf Selmi, Andreas N. Kuhn, Janina Buck, Evelyna Derhovanessian, Richard Rae,
Sebastian Attig, Jan Diekmann, Robert A. Jabulowsky, Sandra Heesch, Jessica Hassel, Peter Langguth,
Stephan Grabbe, Christoph Huber, Ozlem Tireci & Ugur Sahin -Show fewer authors

Nature 534, 396-401(2016) | Cite this article

&2

mRNA-Lipoplex
= RNA-LPX

Transfected DC

Systemic delivery of vaccine antigens into dendritic cells (DCs) is
hampered by various technical challenges.

Here we show that DCs can be targeted precisely and effectively in
vivo using intravenously administered RNA-lipoplexes (RNA-LPX).

The LPX protects RNA from extracellular ribonucleases and mediates
its efficient uptake and expression of the encoded antigen by DC

populations and macrophages in various lymphoid compartments.
19



DC expressing CLDN6 induces stimulation and proliferation

* Expression of CLDN6 on DCs induced
stimulation and cytokine secretion.

e And induced proliferation of co-cultured
CLDNG6-CAR-T cells in dose-dependent
manner.

Cytokine [pg/mL]

104
109
107

107

10e

IFNy . TNFa

T
38'31—1— oo~ O
- s 9o &
— —

—

CLDN6-LPX [ug/mL]

IL-2

cb4 , CD8

=
(=]

Proliferating T cells [%]
[y
<z

=
i

CLDN6-LPX [pg/mL]
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Surface expression of CLDN6 on splenic immune cell populations of
BALB/c mice

C

RMNA-LPX I.v. injection in vivo transfected
splenocyies

o0 <P <AD

* BALB/c mice injected with i.v. with
CLDNG6-LPX.

* CLDN®6 surface expression on splenic
DCs and mf but not on lymphocytes.

16+
[] saline

12- Il CLDN6-LPX
] ctri-LPX

CLDN&" cells [%5]
oo

i

o=




Body-wide functional expression of CAR antigen within lymphoid

compa rtments
D CPD450+ 20 pg
1.5 x10f CAR-T RHNA-LPX
| I
. . . CH7BLe &

* Next, naive C57BL/6 mice were engrafted with CLDN6- -4 0 48 hours
CAR-T cells labeled with a cell proliferation dye and ‘],
vaccinated with CLDN6- or control-LPX. 100 organ collection

* Spleen and lymph nodes from all major body regions 90 -
resected from CLDN6- LPX—vaccinated, but not control- B0 diwws Bl CLDNG-LPX
treated mice, displayed significantly increased 704{°° []cii-LPX

proportions of proliferating CLDN6-CAR-T cells.

Proliferating CAR-T cells [%:]




CLDNG6 expression leads to massive expansion of CLDN6-CAR-T cells

Thy1.2+ mice underwent total
body irradiation 2
lymphodepletion.

Engraftment of congenic Thy
1.1+ CLDN6-CAR-T cells
coexpressing LUC and GFP.

Vaccination with CLDN6-LPX.

Substantial expansion of
circulating CLDN-6-CAR T cells
even at lowest dose.

Expansion followed by
retraction phase.

TBI
A .
10° CAR-T CLDN6-LPX
C57BL/6 l l1 R
BrdCrHsd-Tyr* o 8  Days post ACT

RNA-LPX 0 o 0.625 lg
(%]

C

©

o

x

L

[

.0

)

(@)

©

s

[J]

o

xfold expanS|on
compared to basellne

—
=
1

=)

Expansion index d11

o O 0V v w
N - o N

—

CLDN6 RNA [ug]
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CARVac leads to CAR-T cell expansion irrespective of starting dose

C TBI 20 pg
+ CLDNe6-LPX
10%-10’ CAR-T  /saline
C57BL6 l LR SN
BrdCrHsd-Ty’® 0 1 8 Days post ACT

transferred CAR-T cells
107 10° 10° 10°

d1 - )
baseline [l

1° treatment _

ds RGN -

CLDN6-LPX
SRS
yyvﬁv

1% 2° treatment

107 CAR-T + saline : :
Nl o
1 L

=107

g
. . 5
10° CAR-T + saline ._1055
t T
(2
10° CAR-T + saline o
10° CAR-T + LPX ® '
1 1
— —— 10°
0 5 10 15
Days post ACT

* TBI, different dose of CAR-T cells, untreated or vaccine.

* Non-vaccinated: Linear to number of engrafted cells, stable or slight decline.

* With CARVac, CAR-T cells expanded irrespective of CAR-T starting dose.

Thy1.1+ of lymphocytes [%]

Thy1.2

1.54

0.5-

102 CAR-T + LPX

0.01 1.00

LDThy1 .1 (transferred)

*

1
1
post 1¢ post 2
LPX (d4) LPX (d11)
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Impact of repetitive RNA-LPX vaccination on long-term persistence of
CAR-T cells

E TBI

N RNALPX
108 CAR-T - '30 = . Prior After Time point ¢
C57BL/6 l ¥ ¥ ¥ v v, vacc. (a)  3° BNA-LPX (b) — 87 sax
BrdCrHsd-Tyr¢ ¢ 8 15 22 49 86 Days post ACT 073 16.89 = f [ cDhi27*
- 4 9 e
1° 2° 3° 4° 5° RNA-LPX - E;ENB' 50 ® CD62L™
w] el i i ¢ 7 o
Mg ! ! ! < & Bl CDi27*
@ | . | = 1.14 0.49 ©0o CDs2L*
a ! i ] o | ctrl- Je 2
X 107 | @ 0 LPX 2 KLRG1™
3 —e- CLDN6-LPX 0-
5 ! , ]
E | | ctrl-LPX GFP Q"'t- Q"‘r
1 1 NN
10° - - & ¥
o - : Q
1 1 L c},

g! 1 'h 1 C
0 10 20 30 40 50 60 70 80 90
Days post ACT

TBI, CAR-T engraftment, weekly/monthly dose of RNA-LPX.
15t dose: rapid amplification of CAR-T cells by more than two orders of magnitude.
Maintenance at high level.

Re-expansion after treatment indicative of memory function:
e Effector memory: CD127+,CD62Lneg, KLRG1neg
e Central memory” CD127+, CD62L+, KLRG1neg



Impact of RNA-LPX on therapeutic efficacy of CLDN6-CAR-T cells in
tumour-bearing mice

Lewis lung tumour (209 mm?3) with high CLDN6
expression , lymphodepletion, CAR-T cell
engraftment, single-dose vaccination.

CAR-T cells alone only suboptimal reduction of
tumour volume, tumour growth delayed.

6 of 10 mice receiving CAR-T cells together with
CLDN6-LPX vaccination showed complete
rejection of large tumors, with a significantly
higher median survival.

Tumor volume [mm?]

1,500+

Ta
on
o

1,000
750+

5004
250-

ﬂ ¥ T T
-15-10 -5 0 &5 10

LL/2-LLc- 1x10° CLDN6-CAR-T/ 20 pg
1-:
C57BL/6 l l l l N
-19 7 0

TBI

-+ CLDN&-CAR-T + CLDN&-LPX

CLDNe-CAR-T + ctrl-LPX

non-transd. T + CLDNe&-LPX

ACT

su

FrTTs

Days post ACT

R

% of mice with tumors

100

= 1,500 mm?
o
=

1 Days post ACT

0 5 10 15 20
Days post ACT
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Repetition of same experiment with BALB/c mice with colon carcinoma

1,500+
E 1,250

1

Tumor volume [m

1,000
7501
5001
2501

BALB/c l

TBI

CT26-
mCLDN18.2

4 x10° CLDN18.2-CAR-T/ 20 ug
Bl 3x10°ctr-CAR-T ANA-LPX

!

!

"

-26

7

0

1 ana post ACT

- CLDN18.2-CAR-T + CLDN18.2-LPX e
-~ CLDN18.2-CAR-T + ctrl-LPX
=+ ctrl-CAR-T

17 RNA-LPX

{

ACT

Days post ACT

T

FEx

D_
-15-10-5 0 5 101520253035

ETETS

+ CLDN18.2-LPX e

% of mice with tumors

100

= 1,500 mm?

o
=

0+——— L
10 15 20 26 30 35 40

Days post ACT

P
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Using human CLDN6-CAR-T cells in NOD scid gamma mouse model

NSG mice bearing
advanced tumours.

CAR-T engraftment

(subtherapeutic dose).

RNA-LPX CARVac.

10° CLDN6-CAR-T/ 20 pg
OVvao 107 non-transd. T RNA-LPX
NSG l l 1!'1 1r2 1r3
-30 0 3 10

- CLDN6-CAR-T + CLDN6-LPX i
CLDN6-CAR-T + ctrl-LPX o i
non-transd. T + CLDN6-LPX ]”‘

Tumaor volume [mm?]

1,200+
1,0004
800 -
600 1
400 5
200 5

=]

ACT

Vo

=]

-——-————-————M

3° RNA-LPX

-15-10-56 0 5 10152025 30
Days post ACT

10° CLDNG-CAR-T 10" noretransd. T

17 Dal';rs post ACT

CD45+ CD4+ CD8+
_ - 15 |3 0.5
CLDN6- & | 1
LPX ¥ 7| a { !
T .35 -54H ] ——
_ 14.6
CLDN6- | . ’ ' 4 LI [
LPX w ' » e
E L ] i
60 35
. 4.6
cirl- | & A 1.9 8.6
LPX O ﬁ» 1+ ol 1
7 ; - wl = ¥
T - (O i
t ot ——tos ¢ ——3TAR
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Conclusions

First key finding: CLDNG6 is oncofetal cell-surface antigen that appears suitable for CAR-T cell targeting.
Second key finding: CARVac strategy as an approach to improve antitumour efficacy of CAR-T cells.

CARVac is a universally applicable approach.
E O Low-dose CAR-T followed by expansion with RNA-LPX

Therapeutic tumour control at lower CAR-T cell dose. [ High-dose CAR-T without vaccination

= = o

. CARVac Treatment

Dose
Limiting
Toxicity

1
]
]
i
i

Optimal
Therapeutic

2
1
1
1
1
1
1
1
1
1
1
1
i
: Window

By X,

CAR-T blood counts

Insufficient
Therapeutic
Activity

Time / Persistence
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CANCER

Effective combination immunotherapy using oncolytic
viruses to deliver CAR targets to solid tumors

Anthony K. Park'%3, Yuman Fong®#, Sang-In Kim?, Jason Yang', John P. Murad'+,
Jianming Lu?, Brook Jeang', Wen-Chung Chang’, Nanhai G. Chen?, Sandra H. Thomas®,
Stephen J. Forman'*#, Saul J. Priceman’>**

Effective CAR-engineered therapy for solid tumours limited by lack of 1) tumour-restricted, 2) homogenously expressed
tumour antigens.

Considerable safety concerns.

CD19 has been ideal target for CAR-T cells against haematological malignanices:
Highly restricted expression on B cells

Acceptable off-tumour and on-target properties.
FDA approval for patients with B cell malignancies.

New approaches to introduce validated targets to tumour cells could broaden applicability of CAR-T cell therapy.

30



Oncolytic viruses

Published: 01 September 2015

Oncolytic viruses: a new class ofimmunotherapy A

drugs

Howard L. Kaufman &, Frederick ). Kohlhapp & Andrew Zloza Vaccinia Dﬂﬂm'ﬂiﬂ virus

Nature Reviews Drug Di 14, 642-662(2015) | Cite this articl CF33-(SE)hCD19t Pee >
ature Reviews Drug Discovery 14, ite this article > | hCD19t

8643 Accesses |413 Citations | 100 Altmetric | Metrics

* Oncolytic viruses display tumour cell selectivity and desirable immunogenic properties.
* Targeted transgene delivery to tumour cells.

e Talimogene laherparepvec (TVEC) genetically modified type | herpes simplex virus that expresses granulocyte-macrophage
colony-stimulating factor is first clinically approved oncolytic virus.

* Here, transgene delivery of truncated nonsignaling variant of CD19 (CD19t) packaged into vaccinia oncolytic virus.

31



Immunofluorescence microscopy of MDA-MB-468 cells infected for
24 hours with OV19t at multiplicity of infection (MOI)

. Vaccinia virus
B CD19
B Il DAPI

" | _
/| |
Y

OV19t infection Cells stably expressing CD19t via lentiviral transduction

* Ability of OV to infect and generate CD19t at cell surface of tumour cells, infect human triple-negative breast cancer line

with OV19t for 16 hours at varying MOI.
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Efficiency of CD19t delivery is MOI-dependent

C MOl 0 0.00625 0.0125 0.025 0.05 0.1 1
1% [6.8% [ . 1{11.5% 55 2% 37.8%] . 163.8%] . 1198.0%

: : a— 4 ' '
[ I B

Vaccinia virus

=l
i

L Eil
L

cD19

* Flow cytometry showed an MOI-dependent increase in the percent of tumor cells positive for CD19t and
vaccinia 24-hour post exposure.



Tumour cells get infected and can be targeted by CAR-T cells

D 100-

100 -
80 4
60 -
40 -
20 -
0 ey
NN NN

Q
P o o N
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——

e

p—

Vaccinia

Multiplicity of infection

—

%

o

y

Viabilit

1004
804

D
oo
L1

204

—o—24 hours
—o—48 hours
—a— 72 hours

e Almost 100% CD19t-positive tumour cells after 24 hours for MOI = 1 and after 72 hours for lower MOI.

More than 50% of tumour cells viable after 72 hours with lower MOlI, identification of window of opportunity for targeting

by CD19-specific CAR-T cells.
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Observation is valid for multiple tumour types

E 1001 100- 100+
= 80- &2 80+ = 80+
= B0 :E 604 é_" 60+
o 407 g 40- g 401
O 20- S 20- S 20-
0+ 0+ 0+
NDOANN N D S T S S+ NN NN LD
RO A N SR PO
Multiplicity of Infection
—=- (Capan-1 (pancreas) —=—  OV90 (ovarian) === UM-SCC-1 (head and neck)
—=— DU145 (prostate) === Panc-1 (pancreas) == UM-SCC-47 (head and neck)
U251T (glioma)

Repeat experiment in multitude of tumour types.
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In vitro activity and cytotoxicity of CD19-CAR-T cells upon OV19t

infection
B 24 hours 48 hours C 24 hours 48 hours
. 2000 - . 4000 ™ 3000 o 23000 -
E 15001 3000 3 .
™ —= 2000+ 2000+
£ 1000- 2000+ g \
é £00 - 10004 o 1000+ 1000+ Positive control
= .;}-_mm..._,_{:_,._ 0- o 0- 0 (lentiviral transduction)
s T T N . AN N N D AN RN AN D AN NN D
{3@ a{‘} v N {3@ a‘b v M ;363 'E‘.‘P 0y ™, QP{) B{} Oy ]
Multiplicity of infection Multiplicity of infection
-~ OV19talone -« OV19t+ CAR -~ OViStalone -« OV19t + CAR
OV19t+ mock e CD19t+ CAR OVi9t + mock e CD19t+ CAR

Co-cultures tumour cells infected with OV19t and CD19-CAR-T cells.
Supernatants from co-cultures at varying MOls to evaluate cytokine production.

CAR-T cells as active upon OV19t as with positive control.
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Does CD19-CAR-T cell activity lead to killing of OV19t infected tumour
cells (phase contrast)?

D 0 hour 24 hours 48 hours 72 hours 0 hour 24 hours 48 hours 72 hours

MDA-MB-468 U251T
Greater killing when co-

cultered with CAR

OV19t
alone
OV19t
alone

+ mock

oVviot
OV19t
+ mock

OV1ot
+ CAR
OoV19t
+ CAR
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-

% Tumor killing

Does CD19-CAR-T cell activity lead to killing of OV19t infected tumour
cells (flow cytometry)?

2"-1- hGLIrS 48 hDUFE ?E hDUfE G E.-_'I_ hours _d_B hDurE ?2 hgurs
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L ] o L ]
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O o O . o o o m o "
ﬁ&b aQr © o Q oF © ﬁaﬁ o2 o QO o S o
Multiplicity of infection ' Multiplicity of infection

- OViStalone -+ QOVi9t+CAR
OViSt+ mock = CD19t

OV19t alone is oncolytic in itself.
But greater killing in combination with CAR-T cells.

Lower number of CD19t-positive cells, consistent with killing of tumour cells.
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In vivo antitumour efficacy

70% of tumour cells

positive for CD19t
A 3 days 7 days 10 days
100+ 100+ 100 -
‘.ng 80+ ‘DF 80- ’3@“ 804
= B0~ — B0- — B0-
& & &
2u]_amml| 8% Aml| E e mﬂﬂﬂ
ﬂ'_*-#l ﬂ'*‘é T T T e o | — T T
107 1 DEH} + 0 10° 108107 + 0 10°10%107 +
Pfu/mouss Pfu/mouse Pfumouse

Evaluate the antitumor activity of OV19t and the dynamics of CD19t induction in infected tumors.
Treated mice bearing subcutaneous MDA-MB-468 tumors with a single intratumoral injection of OV19t.

Varying doses [10°, 108, and 107 plaque-forming units (pfu) per mouse] to determine infection efficiency and CD19t
positivity in tumors at 3, 7, and 10 days after injection of OV19t.
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Combination therapy

* Intratumoral delivery of OV19t at 107 pfu per mouse. B ii10M it 5M mock or
* 10d later, intratumoral delivery of 5 x 10® mock T cells piu OV19t CD19-CAR T cells

or CD19-CAR-T cells. \’( S
5%,

oV T cells

Tumorvolume (mme)
M = [
- 888

I I I
0 20 40 60 80
Days after tumor injection

il -8- MNo treatment == OV15t alone il::]:v;:r
progression == Mock alone - OVISt+ mock growth

-8- CAR alone - 0OV10t + CAR
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Combination therapy

* Marked tumour regression upon combination of OV19t C
with CAR-T cells. Mo treatment Mock alone CAR alone
600 - 600 - B0 -
400 - 400 - 400 4
&E 200 - 200 - 200 4
E D L] L] 1 1 l:l L] L] 1 1 D 1 II L] 1
E 0 2040 60 80 0 20 40 60 80 0O 20 40 60 80
3
g OV16t alone OV19t + mock OV15t + CAR
S 600+ : 600 600 - ,
3 ] i
= 4004 § 400+ 400- |
200+ § 200+ 200- |
0 T T T 1 0 T T T 1 0 T T T 1
0 2040 60 B0 O 20 40 60 80 O 20 40 60 80

Days after tumor injection

41



Confirmation of finding using lower dose of OV19t

D it 100K i.t. 5M mock or
pfu OV10t CD19-CAR T cells

N

C/AC e
S, I'-.-"IDA MB-468

* Intratumoral delivery of OV19t at 10° pfu per mouse
confirms result seen before.

T OV T oells

g 400 N

2 300+ : :
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_ 100+ . _] P<0.0001
E 0 L

o | 1 ] 1 1

= 0 20 40 &0 80

Days after tumor injection

—&— No treatment - OV15t alone
== Mock alone - OV10t + mock
-8- CAR alone —— 0OV10t + CAR
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Result confirmed in mice bearing U251T glioma tumour

E it 1K i.t. 5M mock or
pfu OV15t CD19-CAR T cells

_ b
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= 1200- 1

5 901

T 6004 5
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Days after tumor injection

== Mo treatment -+ OV10t alone
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-- CAR alone —— 0OV19t+ CAR
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CD19-CAR T cell-mediated tumor killing promotes the release of OV19t

One of the potential pitfalls of using OV to deliver CAR T
cell target antigens to tumor cells is the potential for
suboptimal or nonuniform infection of solid tumors.

Evaluation of the effects of mCD19-CAR T cells on the
presence of OVm19t in subcutaneous MC38 tumors.

Greater spread of vaccinia after CAR treatment.

Vaccinia/DAPI

No treatment

OVm19t + mock

OVm15t alone

OVm16t + CAR
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CD19-CAR T cell-mediated tumor killing promotes the release of OV19t

Cells isolated from tumours and analysed
with flow cytometry.

Increased vaccinia infection and CD19t
positivity).
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Does CAR T cell-mediated killing of virally infected tumor cells enhance
the release of oncolytic virus particles for subsequent infection of
surrounding tumor cells?

C  ovigt Teels

/ FACS
~

Tumor cells  Supt  Tumor cells xCELLigence

‘plate 1" “plate 2°

« MDA-MB-468 tumor cells were first infected with varying MOIs of OV19t and then incubated with mock T cells or CD19-
CAR T cells.

e Supernatants were collected and added to newly plated tumor cells that had not been exposed to either T cells or OV19t.
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* Supernatants collected from
tumor cells exposed to both
OV19t and CD19-CARTT cells
resulted in increased infection
of naive tumor cells...

Increased infection...

D

_ 100+

'gﬂ 804

o B60-

=

E 40-

g 20-
D-

E P<0.01
1
100-
o B0+ P=0.06
%]
g 60 L
= 40+
(o 20-
D | iI
0 0.25 1 0 0.25 1

Multiplicity of infection

Multiplicity of infection

Bl OV19t alone
OV19t + mock
Bl OViot+ CAR
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... resulting in
significantly enhanced
killing, independent of
initial MOI chosen.

Shown with two
different tumour
types.

... enhanced killing
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CD3

CD8

OV + CAR for more pronounced endogenous anti-tumour immunity

OV has gained attention for its ability to induce endogenous antitumor
immunity and recruit T cells to tumors.

Assessed the infiltration of T cells into the tumor after OVm19t alone
and in combination with mCD19-CAR T cells in the subcutaneous MC38
tumor model.

Amplification of endogenous CD3+/CD8+ cytotoxic T cell recruitment.

Mock alone CAR alone OVmi9t + mock OVm19t + CAR

—‘

19,

=

CD&* (cells per field)

P=0.0003

!
P=10.08

]
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Impact of OV19t on biodistribution of CD19-CAR-T cells expressing

luciferase
* Enhanced CD19-CAR-T cell tumour
localization upon OV19t infection. C D
@ P=0.0013
OVm1ot )
alone e 3 1
L &
2 > :
CAR [=] FP=011 =<
alone g 1 r— %
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+CAR I R "
& F 22
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Q ,,;-31
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Memory formation

Rechallenge cured mice by injecting tumour
cells into opposite flank.

Tumours grew with predictable kinetics in
treatment-naive but failed to grow in mice
previously cured.

Indication for OV19t-promoted endogenous
antitumour immunity and recruitment of
CD19-CAR-T cells.
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Overall conclusions

To establish a CAR-T cell based therapy for solid tumours, use recipe:
e Paper 1: How can we use our RNA vaccines? Combine with CAR-T cell.
e Paper 2: How can we use our oncolytic viruses? Combine with CAR-T cell.

|dentify tumour-specific target/generate tumour-specific target via oncolytic viruses.
Design the respective CAR-T cells.

Make adoptive cell therapy persistent over time (e.g. via RNA vaccine to express antigen in DCs if not presented anyway).
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Olewus. Nat. Biotechn. 2017.

Overall conclusions

Ex vivo CAR-T cell generation

Harvest
T cells

GMP virus
carrying CAR
construct

%

Chemotherapy

Administer
to patient

Quality
control

T cell
expansion
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Question time

THANK YOU FOR YOUR ATTENTION
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