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GMP Cell and Gene Therapy Manufacturing Units

/I\/IHH GMP Core facility, ICT Laboratory

Scale ‘ Translation and validation > Clinical Scale

m 3 clean rooms “Ain B”

m Head: Dr. L. Arseniev

m 21 qualified staff members
m GMP Development Unit (GMPDU): Up-Scaling

m Cellular Therapy Centre (CTC): Manufacturing

\_
~

1IZI GMP Core facility

m 3 facilities, 21 clean rooms (,A in BY, level S2)
m Head: Dr. G. Schmiedeknecht

®m > 100 qualified staff members

®m Cross-link to the IZI development units

\\@ Fraunhofer I1ZI % FraunhOfer/
1Z1

\




Development up to translation into the clinic

Clinical Studies

Pre-clinical development GMP Manufacturing Phase I/ II/ 11/ IV

[Z]: > 600 staff members/ 3.508 m2 lab/ additional 5 sub institutes
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I\/Ianufacturing of cell-based therapies M4+ Z fraunhofer

1Z1

Manufacturin _ _ I Bl . _
' Pre- cllnlcal g » First in man Late cll_ nical Routine
and proof , AMG ’ study ~ studies
Blood and bone marrow stem cells (incl. CD34 sel., CD3/CD19 depl., TCR a/f3 depl.)
Antigen-specific T cells (CMV-, ADV-, EBV-, multivirus-spec. CTL) Europe
, " wide

~ CD19 CART cells (CTL019)

/ CAR T cells Melanoma

Clinical and
 CARNKcells ) Industrial partners

N ('
NOVARTIS
,,,,,,,>>Regulatory T cells
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~ Mesenchymal stroma cells

_i: i'::' NORTHWEST
Dendritic cells lllllll BIOTHERAPEUTICS
. | S‘) PRIMABlOMgé:DI
_iPS-cardiomyocytes

_ iPS-macrophages > 350 cellular products/ year

CAR = Chimeric Antigen Receptor iPS = induced pluripotent stem cells


http://www.novartis.de/index.shtml
http://www.nwbio.com/about_overview.php

“CAR” expressing effector cells

Chimeric antigen receptor

(CAR)

GD2

ErbB2
Cancer cell CD19

CD20
. CD123
‘ CD44v6

Perforin, ‘
Granzyme B C
@

Retargeted NK cell
Retargeted T cell

Target antigen

Chimeric antigen receptor

¢

~

CAR
anti-GD2
anti-ErbB2
anti-CD19
anti-CD20
anti-CD123
anti-CD44v6

NK = Natural Killer

» CAR engineered T cells

- clininical studies
- manufacturing challenge

> off the shelf* CAR NK cells

- clinical NK cell studies

- primary human ,,CAR* NK cells
- lytic activity

- benefit and side effects
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Clinical trials with CAR expressing T cells

(clingov. Q4/2016)

100 open clinical trials with CAR T cells registered worldwide

3831 patients should be included:

Sponsorship

_;b _
'Jf} F . o9 :-'g:r' It
e’ . -\"\
i [o
':..'.. W e /_1___|/:;.-\ .
5urope ;__’? L AL R
e ? Studies . 7 E .
. N SRy ”‘r & L\ I,- g),u - q}‘-f y :
St lr_w; f%ﬁ’atlents_ﬁ P By 3%
N\ L . e solid
A N\ 50 Studies nov
) Oig Egii'ﬁfs [P \ ~1431 Patientsx____;é._- Tumors
L sy sy | tewema\ o NS
. 40Patients U/ 18 Patients . _+| "Lymphoma
- i vy Y Y .-I 62%
A

Zuther K ...

Koehl U. J Onkologie 2017

Indications and Target-Antigens



Diagramm1

		





Tabelle1

				USA

		industry		21

		academia		79

				Ziehen Sie zum Ändern der Größe des Diagrammdatenbereichs die untere rechte Ecke des Bereichs.






Diagramm1

		





Tabelle1

				China

		industry		34

		academia		66

				Ziehen Sie zum Ändern der Größe des Diagrammdatenbereichs die untere rechte Ecke des Bereichs.






Diagramm1

		Industry

		Academy



Verkauf

26

74



Tabelle1

				Verkauf

		Industry		26

		Academy		74

				Ziehen Sie zum Ändern der Größe des Diagrammdatenbereichs die untere rechte Ecke des Bereichs.






Diagramm1

		Industry

		Academy



CD20
CD22
CD30
CD123
……..
…
..

Verkauf

38

62



Tabelle1

				Verkauf

		Industry		38

		Academy		62

				Ziehen Sie zum Ändern der Größe des Diagrammdatenbereichs die untere rechte Ecke des Bereichs.






Clinical trials with CAR expressing T cells
(clingov. Q4/2016)

100 open clinical trials with CAR T cells registered worldwide Sponsorship
3831 patients should be mcluded
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B ©ngoing CAR gene therapy trials
_‘ Started CAR gene therapy trials

Update 9/2018: n > 390 studies

J. Hartmann, EMBO 2017

Zuther K ... Koehl U. J Onkologie 2017
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CTLO19 pediatric r/r ALL — ELIANA

"Event-free” and “overall survival”

/5 patients

Probability

No. at Risk
Overall survival

1.0+

0.9

0.8

0.7+

Overall survival

0.6+
Event-free survival
0.5 iHE - |
0.4
0.3 No.of No.of Median
Patients Events Survival Rate at 6 Mo
0.2 mo % (95% Cl)
Overall Survival 75 19 19.1 90 (81-95)
0.19 Event-free 75 27 not 73 (60-82)
Survival reached
UO [ [ I [ I [ [ I [ [ |
0 2 4 6 g 10 12 14 16 18 20 22

Months since Tisagenlecleucel Infusion

75 72 64 58
Event-free survival 75 64 51 37

35
33

40 30
19 13

20 12 8 2 0

8

3 3 1 0

Maude SL et al. Februar 2018

The NEW ENGLAND JOURNAL of MEDICINE

Now > 5 years cured

» Event-free survival
e 73% post 6 months
* 50% post 12 months

» Overall survival
* 90% post 6 months
e 76% post 12 months



Marketing authorization in Europe

—

320.000 €/ Bl (ELRGER(EY Y

product Novartis
27.08.2018

Yescarta® (EMA)

2017 2018 "’

STUEERCEGRIVE  470.000 €/
Novartis product

Yescarta® (FDA) =
» Marketing authorization CAR T cells (Kymriah®), EU \\ KITE ' :

» Press release NOVARTIS - Fraunhofer 1ZI, 30.8.2018
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CAR T Cells in Trials: Recent Achievements and Challenges
that Remain in the Production of Modified T Cells
for Clinical Applications

H Abken

Ulrike Kéhl, > Stanislava Arsenieva, > Astrid Holzinger*® and Hinrich Abken**>*

Tinstitute of Cellular Therapeutics, Hannover Medical School, Hannover, Germany; ?Institute of Clinical Immunology, University Hospital Leipzig, Leipzig, Germany;
3Fraunhofer Institute for Cell Th erapy and Immunology, Leipzig, Germany; “Center for Molecular Medicine Cologne, University of Cologne, Cologne, Germany;
and EDeparrmem I for Internal Medicine, University Hospital Cologne, Cologne, Germany:.

The adoptive transfer of chimeric antigen receptor (CAR)-modified T cells is attracting growing interest for
the treatment of malignant diseases. Early trials with anti-CD19 CAR T cells have achieved spectacular
remissions in B-cell leukemia and lymphoma, so far refractory, very recently resulting in the Food and Drug
Administration approval of CD19 CAR T cells for therapy. With further applications and increasing num-
bers of patients, the reproducible manufacture of high-quality clinical-grade CAR T cells is becoming an ever
greater challenge. New processing techniques, quality-control mechanisms, and logistic developments are
required to meet both medical needs and regulatory restrictions. This paper summarizes the state-of-the-art
in manufacturing CAR T cells and the current challenges that need to be overcome to implement this type of
cell therapy in the treatment of a variety of malignant diseases and in a greater number of patients.

Human Gene Therapy online 1. May 2018
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State of the art: hands on manufacturing

excubate transfer & tare  centrifugate extract resuspend dis-/connect

(45 min + 3 dis-/connections) x 15/process = 11Y4 hrs + 45 dis-/connections

o2 T
e ﬂ, -' S A
B ‘_,_'-.:.;; i
‘ € El
— é — (non-exhaustive)
COBE 2991 SEPAX 2 SEFIA WAVE
(Terumo BCT) (Biosafe SA) (Biosafe SA) (GE Healthcare)

e.g. PERFUSE / WASH / FORMULATE


http://vertassets.blob.core.windows.net/image/4dc43bc8/4dc43bc8-e07d-4d6d-805b-40883b878a78/wave25.jpg

Automated manufacturing?

ENGINEERING EFFECTIVITY

LAB BENCH

* limitations
o toxicities

BEDSIDE

v efficacy

o timeframes

 improved CARs
« safer vectors
« new / alternative targets

| WORKBENCH

* rapid prototyping
* robust manufacture

v

* vectors

« smallest batches
* personalized
* regulated environment

* raw materials
o platforms

TOOLMAKER

(GMP compliant)
(GMP compatible)
(GMP compatible)

/

MANUFACTURING EFFICIENTLY




Automated manufacturing of CAR T cells

Automated manufacturing of chimeric antigen receptor T cells for

adoptive immunotherapy using CliniMACS Prodigy Start in
the Prodigy:
Apheresis
ULRIKE MOCK"*, LAUREN NICKOLAY"*, BRIAN PHILIP?, product
GORDON WENG-KIT CHEUNG?, HONG ZHAN', IAN C.D. JOHNSTON?,

ANDREW D. KAISER’, KARL PEGGS?, MARTIN PULE? ADRIAN J. THRASHER' &
WASEEM QASIM! | _
Cytotherapy, 2016; 18: 1002-1011

Start in
the Prodiqy:
Immunomagnetic
selected T cells

Automated Enrichment, Transduction, and Expansion
of Clinical-Scale CD62L" T Cells for Manufacturing
of Gene Therapy Medicinal Products

Christoph Priesner,"" Krasimira Aleksandrova,”" Ruth Esser? Nadine Mockel-Tenbrinck?
Jana Leise, Katharina Drechsel’ Michael Marburger? Andrea Quaiser; Lilia Goudeva;
Lubomir Arseniev, Andrew D. Kaiser>* Wolfgang Glienke?* and Ulrike Koehl'?#*

HUMAN GENE THERAPY, VOLUME 27 NUMBER 10 Published online: August 25, 2016.
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Automated manufacturing of CAR T cells  resurs
1 3 5  6,8,(10-12) 10-13 4 days

S2 Feed
Wash Addition Exchange Wash
A4 B 5 = = = ® o
S D) = a8z = = = = =+ 3
@D e~ c @D QD = = = < = C
33 S . . N 2
= - =,
Leukapheresis 2y / \/ \/ \/’ %/ Infusion
_>I4 _>I<. .- _>I4 _>I<. _>I<. _>I4 _>I4 .
Apheresis T cell : . .
Spadli Selection Activation Transduction ExpanS|on Expansion Expansion Formulation
S S
S= S S>>
%> e( i SO S R o L o O
= L L ‘ = = ’
QD QD QD
@ 2 2
T r (5] (5] r
/4 V. y
IPC IP& IPE IP&
—>|4 aseptic connection (Terumo Sterile Connecting Device) to...
<+—)X»  aseptic disconnection (integrated tube sealer from...
X p. L (integ ) ... functionally closed disposable tubing set
L g centrifugation in and
TCT: T cell transduction

S € agitation of cultivation chamber of...

S =
M_| H ~ Fraunhofer

UNIVERSITAT LEIPZIG
1Z1
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Automated manufacturing of CAR T cells

BMBF funded multicenter trial: Refractory metastatic Melanoma

cooperation: Miltenyi Biotec, Bergisch Gladbach
H. Abken, Cologne (Research development) and
U. K6éhl, MHH, ICT, Hannover (Manufacturing)

] J“ .. [ \

Lot 4 . .

B ! CD62L or Lentiviral SIN Cancer stem cell _

- Sl CD4/CD8 Vef;tgzgnéf\ﬂng targeting gene- manufacturing
B selected modified T cells : )
| g 1 : |
AT . T cells Icense.

2200w | S Kl

et o ¥~ W= 7/2018

o LS - @ \. /
by Cell Cell Cell Cell Final
CI|n|M ACS pr0d|gy selection  activiation transduction expansion formulation
melanoma Lymphodepleting alitycontrol
patient ~ Leuka- regimen (Cy/Flu) quality
pheresis ® cell infusion
o
/ p ('“'\. \
< N
> //;J K: \ >
| W ‘w\>
| \ I | J

Priesner C ... Koehl U. HGT 2016



Quality Control of CAR-transduced T cells results
Cytological in-process (IPC), quality (QC), and complementary controls
Patient
@ @
IPC starting material, intermediates
QC: purity / content / g ! CD3, 4, 8, 14, 45, 62L to be defined
) . thawed IMP
identity
IPC intermediates after enrichment %T cells of viable mononucleated cells: >80%
(0] @ purity thawed IMP % (CD3+CD45+) of (CD45+ 7AAD-) to be defined
IPC starting material, intermediates viability of T cells: >80%
QcC: content / identity thawed IMP reference sample %7AAD- of (CD3+CD45+) >50%
IPC sample of expansion culture (day T S e
. : 0
QC: content / identity ?r)é;)ultured 1 prtlle) et %CAR+ of (CD3+ CD45+ 7AAD- e
_ advanced identity / starting material, intermediates CD4SRA, 45RO, 27, 28/ 19, 56 to be defined
purity thawed IMP

potency evaluation

potency evaluation

intermediates
thawed IMP

intermediates
thawed IMP

IFN-y secretion with malignant cells

lysis of malignant target cells

to be defined

tobe _ A AL



Quality Control of CAR-transduced T cells results

Cytological in-process (IPC), quality (QC), and complementary controls

Patient

) )

- EP 2.7.23 Flowcytometric analysis

- EP 2.6.21 Realtime qPCR for Vector copy number (VCN)
- EP 2.6.14 Bacterial Endotoxine test (BET)

- EP 2.6.27 Microbiological control

- EP 2.6.21 Mycoplasmas



Final end product at harvesting results

Cell expansion 4 aueed. )
50- CD62L selected T cells control T cells
i 2 T
40 - : 7 o
7
o J0- : % T
- o ' /
=, 20- 4 : % \
21 |
10- é : é
LM77 S

[%] wnies gy

J

1 I . T T T 400 ¢ o
{hﬂ‘i'*" Iﬁllh:-._','_'\- I-L._.l_:l;,- l-I-.|:__._|-E' ‘I. I.:.a _‘1 ‘1.-. _\_.;'_I rh:_i-\.:' _ 350- -5
ao o ..;.:i"'ut ﬁn“n‘qe,ﬂﬂnt ﬂ‘}g‘ 3 300
¥ 8 s 2 2504 -4
“ b E‘ 200 4 o 3
WBC CD3 2 o i
= 1004
© L1
50
0o——7—T—T—T—T— 0

01 2 3 45 6 7 8 9 10 11 12

Days of cultivation

- . Medium exchange
Glucose AB serum l (without AB serum)
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Final end product at harvesting results

transduced i\\

Cell expansion

T
2

-q_"'- -;:" . ;IL' T
{,._ﬂ e I'L-" .-hl' ¥
o o o

Tl a2

g

’%%

A

) ©

/ |
50- CD62L selelcted T cells ;hcon:hro il
40 - | 7 %
7 S
5 - i g :
E. 204 Z (] E é \
| W 2 17
il Ul [ 4
S

=

P
)
L

WBC

- uniform T cell expansion rate; > 30-fold
= No difference cryopreserved versus fresh

CD62L

- Naive (Ty,and central memory (T T cells MR P oy
as well as T stem cell like memory cells (Tgcy) A
. CD45RA
Priesner C ... Koehl U. HGT 2016

'CD45RA

1Z1




Cellular composition (CD4/CD8 sel.) results

Apheresis
Granulos Flow Cytometry dayl12
Monos; M ER— "3
0 \
CD4 "3 ( E
NK -
CD8 S(:
CD20 LI) :
CD4/CD8 CD3 CD45
selected
cells ODO ‘ D3+)‘., ]  (gate CD3+CARY)
O
Day 12 ~ SSECCERRS & =0 e CD4---mmmmmmmmmeeee
harvesting
=»-| Pure T cells at harvesting =» | Successful transduction efficiency




Bench to bedside and back to the lab

» Automation — CAR T cells

v Ill \ CD62L or CDA/CD8 Lerﬁvirﬂéosdl_l‘l A ——
! elect vector encoding targeting gene-modified
','; VBt T cells CD20 CAR LA
e
| )
L Ly e .
o mam BT el ;Q; L
e AL ~ 4
e @
Fude 3¢
- —— Cell Cell Cell Final
CliniMACS Prodigy [ ] selection activiation transduction expansion formulation
melanoma Lymphodepleting
patient Leuka-

regimen (Cy/Flu) quality control

pheresis cell infusion

el 2

M4H

» Clinical CTL019 study

CAR T cells
development/ = Fraunhofer
manufacturing EU 121

8/2017 (FDA) Kymriah™

U NOVARTIS

» New ,CAR"technologies » TRUCKSs

Proof of concept 2018-2022
Sleeping beauty

target antigen: ROR1
Helmholtz Berlin
Fraunhofer 1ZI/

University of Wiirzburg

T cells Redirected
for Universal
Cytokine Killing

7 Universities

» ,CAR“NK cells

D | A
EU consortium: m
2018-2022; EF o T
mono and bi-specific TS o
CAR NK cells 2 et Ne =50
NK cell signalling I g T o
Speaker: U. Kohl = PR
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http://www.novartis.de/index.shtml

“CAR” expressing effector cells

Cancer cell

o
:

""

Target antigen
. ‘ Chimeric antigen recep
Perforin,
Granzyme B “C a
v »
Retargeted NK cell
target cell
|I
llm YL
IS:TI[IIIIIIIII |||Gy‘|| J)HH ||||||||!|||||I|||
first generation third generation

anti-tumer associsted antigen scFy

eytoloicily

Oberschmidt O, Kloess S and Koehl U.
Frontiers Immunology 2017

» CAR engineered T cells
- Clinical studies
- Manufacturing challenge

- in some patients: failure in manufacturing

(heavily pre-treated)

/> ,off the shelf* CAR NK cells

- Clinical NK cell studies
- Primary human ,,CAR* NK cells
- lytic activity

\ - Benefit and side effects

~
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results

N K C el I I m m u n Ot h erapy NK-DLI = NK donor lymphocyte infusion

/ Allogeneic NK-DLI post haplo-SCT (Clin Gov No NCT 01386619) \
Patients with high risk leukaemia and malignant tumours

Leukaphere%

(T
| | GMP GMP o -
/ Jﬁ ! il \
[ /&\- I\ |
Donor / | i N
Parents NK cell purification IL-2 expansion NK cell apf)licatio@n
\ (CD3 depl./ CD56 sel.) (1000 U/ml, 10 days) patient /
haplo-SCT 1ot \K cell 2nd NK cell 3 NK cell
CD34 sel./ application application application
CD3/CD19 depl.
l 4 Y4 —>
0 (+3) +40 +100 [days post SCT]

Koehl U et al. Blood Cell Mol Dis 2004; Koehl U et al. Klin Pad 2005; Koehl U et al. Front Oncol 2013, Stern M et al. BMT 2013



results

N K C el I I m m u n O t h e r apy NK-DLI = NK donor lymphocyte infusion

/REVIEW 8 OPEN ACCESS\

Advances in clinical NK cell studies: Donor selection, manufacturing
and quality control

U. Koehl®, C. Kalberer®, J. SpanholtzS, D. A. Lee®, J. S. Miller®, S. Cooley®, M. Lowdell’, L. Uharek®, H. Klingemann", A. Curti,
W. Leung*, and E. Alici*"™*

ONCOIMMUNOLOGY
2016, VOL. 5, NO. 4, 1115178 (11 pages)
\ http://dxdoi.org/10.1080/2162402X. 20151115178 /
Advantage s O GVHD 2 Grad 11O
> No severe adverse events in patients %125 \ scT
> Primary aim >10x108 CD56*CD3/kgBW: 41/49 < 100 ® —
. . o
> No graft versus host disease if T cells < 25x103/kg X QO — NK
> IL-2 stimulation — improved NK cell cytotoxicity D 5 SO ) Whoresoot
Disadvant - =
ISadvantage {onte aeee N
» Tumor immune escape mechanism (TIEMSs) 0 10 20 30 40
Kloess et al. Eur J Immunol 2010; Kloess et al. Oncoimmunol 2015 NK cells [x 10%/kgBW]

Koehl U et al. Blood Cell Mol Dis 2004; Koehl U et al. Klin Pad 2005; Koehl U et al. Front Oncol 2013, Stern M et al. BMT 2013



<oiMICA dependent tumor immune escape inhibits NK cells

In patients with Neuroblastoma results
tumor cell MICA
<0.
so00,  Ps0:0001 1001 p<0.0002
]
__ 3000+ = 804k
E 20007 =
= o
MMP 2 g
G cleavage z' 1500- - E
, O 1 = m
, @ o Qf." = 1000+ " s, Z
o
o/0.&, 1§ N B . =
0 @ 0 500+ .,
: l l:m.l —AapAh
0 . Adaadd = coGaseen 0 . . . . . . .
prior NK cell post NK cell control 0 1000 2000 3000 4000
application application soIMICA [pg/ml]
40007 — NK cell application 071 \K cell application
= l .?‘__! 804
E 30007 =9 l
g ] 2.2 604
g 2000+ 28 T 1
= ﬂ g2 “l
S 10004 >
: °Z 20 T
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IL-2 activated NK cells improve NKG2D mediated
cytotoxicity via scavanging of (. MICA in plasma




<oiMICA dependent tumor immune escape inhibits NK cells

In patients with Neuroblastoma results
tumor cell MICA
p<0.0001 100
4000+ . 7 p<0.0002
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To overcome those hurdles: CAR NK cells ?




Clinical trials with CAR expressing NK cells

CCCR: Chimeric
Costimulatory

Clinical
identifier

NCTO03056339

NCTO1974479

NCTO0995137

NCTO02892695

NCTO2742727

NCT02944162

NCT02839954

NCTO03415100

NCTO03383978

NCTO03579927

Converting Receptor NCT03656705

trial

Target

cD19

CD19

cD19

CD15

cov

CD33

MUCH

NKG2D
ligands

HERZ2

CD19

CCCR

Condition/disease

Lymphoma and
leukaemia (relapsed/
refractory B-cell
malignancy)

ALL

ALL

Lymphoma and
leukaemia

Lymphoma and
leukaemia

Acute myeloid
leukaemia

Solid tumours

Solid tumours

Glioblastoma

Lymphoma
and leukaemia

Non-small Cell Lung

Origin of NK Phase

cells

Cord blood

Haploidentical
donor NK cells

Expanded
donor NK cells

MKSZ

MKSZ

NK92

Mot specified

autologous or
haploidentical
NK cells

NK9Z

Cord blood
NK cells

NK92

Status
11l recruiting
1 suspendad
completed
1 recruiting
1 recruiting
1 recruiting
1 recruiting
1 recruiting
I/l not yet
recruiting
I recruiting

Location

Houston,
Texas, United
States

Singapore,
Singapore

Memphis,
Tennessee,
United States

Suzhou,
Jiangsu, China

Suzhou,
Jiangsu, China

Suzhou,
Jiangsu, China

Suzhou,
Jiangsu, China

Guangzhou,
Guangdong,
China
Frankfurt,
Germany

MD Anderson C.
Houston, USA

Hospital of Xinxiang

Henan, China
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CD19-CD28-zeta-
2A-iCasp9-1L15
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Chimeric Antigen Receptor Vector Design

for primary human NK cells

S5'ALTR

.ﬁUSI R]US

gag-free

T

T strong internal promoter

SIN vector

gag- and pol free leader
no canonical splice sites

=  Endodomain; FMC63 — CD19
= Endodomain: CD28 + 4-1BB(CD137) +CD3 ¢

= Codon-optimization: removal of cryptic splice sites, polyadenlyation
signals and other inhibitory sequences

3'ALTR

E FMC63 (CD19CAR)

DR
D28 | 4188 | D3t -—[I—a.uaIR

us

T

incorporation of wPRE

— CD19 hinding leads to signal transduction

— Enhanced cytotoxicity

paolarization of MTOC and
cytolytic granules to MK immune
synapse — degranulation

IFet  transcription of cytokine
| and chemokine genes
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CAR expressing NK cells redirected against CD19  resuis
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Secretions of cytokines and pro-apoptotic

results
molecules by CAR NK cells
| | R
CD56PrighC D1 Gdimenes g : - CDEEICDLEs
(mmune regulatory) 1) T €D (eytotoxic
R cytotoxic
E/T cD16 E/T
1:1 o:1 anti-inflammatory: 1:1 5:1
IL-4
o 2 IL-10 = +
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pro-inflammatory:

++ + IL-6
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+ + IFNy
++ ++ TNFa

pro-apoptotic:
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- - Perforin

0 +
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Primary CAR expressing NK cells

redirected against AML cell lines and

patients own leukemic cells
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CAR expressing NK cells redirected against CD123*

results

S'ALTR
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CAR NK cells against patient”s CD123*AML results ﬂf‘ "'

S. Kloess
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CD123CAR expressing NK cells and EGFP* mock NK cells
aginst CD123 positive KGla targets

anti-CD123-CAR NK cells EGFP* EGFP* NK cells

CD123*KG1la cell proliferation dye: eFluor®450, anti-CD34-PE
NK:KG1 E:T ratio: 5:1; MOI1



Clinical scale — CAR expressing NK cells

results
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Clinical scale — CAR expressing NK cells

results
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CAR expressing effector cells conclusion

CAR T cells:

» Successful clinical CAR T cells studies (385 documented world wide)

» Our data about automated manufacturing of CAR expressing T cells gives
rise for harmonized protocols in future clinical studies

» Manufacturing failure of autologous CAR T cells needs complementary concepts

Primary human CAR NK cells:

» Patients can receive allogeneic haploidentical or ,third party NK cells* without
severe side effects — good candidates for ,,off the shelf CAR products®

» CAR NK cells (alpha retroviral SIN vectors) reached a nearly complete
elimination of CD19+ and CD123+ leukemic cells after 48 h

Improvement in future studies:

» CAR expressing cells and checkpoint inhibitors — combination

» CAR effector cells with transient cytokine secretion
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Network for individualised
stratified medicine
= using cell-based
Cancer‘_f, therapies
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