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Making the switch to a safer CAR-T cell therapy

- chimeric antigen receptor = CAR

- CART cells are generated by lentiviral transduction using a CAR construct

= extracellular antigen recognition domain; scFV
» hinge and transmembrane domain; CD8 hinge

= intracellular signaling domain; CD3(
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CAR design:

» First generation:

no co-stimulatory domain - limited efficacy, activation induced cell death,

lack of T cell expansion First

= Second generation:

1 co-stimulatory domain
- enhanced proliferation

and persistence

» Third generation:
2 co-stimulatory domains
-> superior antitumor

efficacy

Second Third
I’l"l“"i
CM1:CD28
CMI: CD28/CD134
CD137/ICOS
CM Il: CD134/CD137
ITAM 5
ITAM
e

Gross Eshhar et al. 2016, Annu. Rev. Pharmacol. Toxicol.
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Toxicities of CAR-T cell therapy:

Insertional
oncogenesis
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Toxicity management in CAR-T cell therapy:

T cell-activating
signaling domain

CAR or TCR

Antigen A

—  iCAR

On-target cells,
such as tumor tissue

T cell-inhibiting
signaling domain

Off-target cells,
such as normal tissue

Baas 2014, SciBX:Science—Business eXchange
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SYNTHETIC BIOLOGY

Remote control of therapeutic T cells
through a small molecule-gated
chimeric receptor

Chia-Yung Wu, Kole T. Roybal, Elias M. Puchner, James Onuffer,*
Wendell A. Lim*
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ON-switch split CAR design:
= antigen binding domain and intracellular signaling domain are separately

expressed polypeptides

= formation of a functional receptor complex requires heterodimerization of

these polypeptides
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chimeric antigen receptor (CAR)
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Important features for the design of an ON-switch CAR:

- Receptor still needs to be dependent on specific tumor antigen
recognition, while small molecule or antigen alone should not activate

- Therapeutic activity should be titratable

- Timing of CAR T cell response should be reversibly controllable
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Heterodimerizing components:

= FK506 binding protein (FKBP) domain
» FRB* = mutant of FKBP-rapamycin binding domain
- heterodimerization in the presence of the small molecule “rapalog”
Screening of candidates in transduced Jurkat cells by looking at
= activity of a synthetic promoter composed of multiple NFAT response elements

= |L-2 secretion
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ON-switch CAR design with different heterodimerization systems:

B ON-switch CAR (L.b + Il.d)
Cancer cell
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modules:
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» CART cells with rapalog and gibberelic acid based dimerization systems

are only activated in the presence of the targeted antigen and ON-switch

molecule



Making the switch to a safer CAR-T cell therapy

Localization of ON-switch CAR components with and without rapalog:

C D Anti=myc mAb Single molecule trajectories Diffusion
Part |_PS-CFP2 Partli_PAmCherry1
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of ON-switch CAR
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= part | and part Il co-localize at macroscopic level
= PALM (photoactivated localization microscopy) for analysis
on single molecule level = both components are not

physically associated in the absence of rapalog
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Effectiveness of ON-switch CAR cells:

ON-switch Antigen
Rapalog
CAR -~
1 _. =—> Assays

- * Cytokine release

. GDE_LQ expressinn

CD69 expression Primary human * Proliferation
: +
+ Antigen - Antigen + Antigen CD4* T cells

) _ @ — @Pe)— (o) v} 2 10 qpt 105
T kT" J .{# 10< 10 0t 10

Dye fluorescence

*‘ 1 W . .
N Cytokine production
CD&39 cD69 & Proliferation
, Defective —~ _ Conv. ONswitch  Defective
Conventional CAR ONeswitch CAR —El CAR CAR Oﬂgrétch
-&1.0 . 500
. < c
Ant — 125 —
+ Antigen o os ng": h =
- =
= Antigen -~ 500 = < ..L__ . @
3 =]
6 G 0 i + |_atelie. A “|f <
Qﬂpni\ O INEEE 00 Antigen A =
g cuwege o2 El
\‘?ﬁ _ 2 b [ [} i [Rapalug] {nM} A , E
ON=-switch CAR - 20 s 4
CD&9 £ o .raun
=) 1 ON-=switch
- 3 £ < A°l car
u 2 LT % T‘):‘"( ?'10 ! | TTTNE T T T TN T
= r
L

(=]

Increasing fraction of cells Om OO ENEEN 0 B Antigen iferati
in high activity state e% og omwgs eges [Rafalo - T cell proliferation

= small molecule activation of CAR transduced primary human CD4* T cells is

titratable
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Effectiveness of ON-switch CAR cells:

A B
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= Antigen-specific and titratable killing of target cell population
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Effectiveness of ON-switch CAR cells:

Implant matched
tumor cells (4 x 107 cells)

cp1g* cp19-

4 8
N0
mCher G;-'P Inject CD8' T cells
erry (3 x107 cells)
SN . B p <0.001 p <0.001
s & s B e
i AP r w o 0 0
]
4 4 Peritoneal lavage 3 g 13-%} 104 F O
& flow cytometry -
0 hr 14 hr 39 hr o= o +
TREATMENTS o °® OO
i . CD1¥ CD19’ S . 0.5,
'No T cells ! r 0 o8 . ) og®
] -
! ] M =3 J S— i 'J_
! ; o * o®
iConventional ] 2 0.0 ' ' 0.0 T S
| ' A
CART cells ] E &\a %o & 2° _{@5: ey
—— ; S S
e 5 g A
ON=-switc ] @ . e
‘CART cells . =Rapalog g ON-swl_‘Ltch Q
15hr  21hr  27hr  33hr | 2
vehicle injections g'
'ON-switch  + Rapalog
iCART cells - :

i\ 18hr  2ihe 27he 33he
' Rapalog (3mg/kg) injections | 10 10° 108
L * mCherry Fluorescence

» Rapalog dependent killing of target cells by ON-switch CAR T cells in vivo
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Summary ON-switch CAR cells:

- strategy to combine autonomous control with user control for engineering safer
therapeutic immune cells

Pros:

- selective regulation in temporal and titratable manner

- this strategy requires no elimination of the therapeutic immune cells after treatment

—> persistence and re-activation in case of relapse

Cons:
- small-molecule chosen (rapalog) showed suboptimal pharmacokinetic properties
- Single target based therapy - risk of potential escape

- Distribution and localization of CAR-T cells and small-molecule switch?
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Proceedings of the National Academy of Sciences of the United States of America WWW. PRas.org

Versatile strategy for controlling the specificity and
activity of engineered T cells
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Switchable CAR-T cells:

= uncoupling of antigen recognition domain (scFv) and the CD8 hinge, CD3(
part by the use of soluble intermediary switch molecules comprised of
» tumor targeting antibody or small molecule ligand

» second part providing specific binding only to CAR

Malignant

Malignant
cell

antigen

t cytolysis
ScEv @targeting

Conventional CAR-T cell
Switchable CAR-T cell

Switchable
CAR-T cell

CAR-T cell

Rodgers et al. 2016, PNAS



Making the switch to a safer CAR-T cell therapy

Design and Synthesis of sSCAR-T cell:

» Specificity redirection of CAR T cell by generating CAR T cells recognizing

the synthetic dye FITC

- full sequence of anti FITC-E2 scFv was inserted into a second

generation CAR expression cassette

CART-19

CcD8 g
FITC-E2 scFv Hinge & TM 41BB CD3 zeta ;
CART 15+

anti-FITC CAR-T

6. 2%
CART19 (FMC63) cD8
ScFv Hinge & TM 41BB CD3 zeta | .

anti-FITC CAR+
95.9%

) .8 5

—>

CAR e'xp'res-si'on
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab
» FITC conjugation of anti-CD19 Fab

- site-specific
Anti-CD19
- random
A
> To study effect of FITC (G68)

conjugation site on
distance and geometry of
the pseudoimmunological

(T1 09)
synapse

(3202)

(K136)
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab

= FITC conjugation of anti-CD19 Fab

- site-specific

Incorporation of noncanonical amino acids with bio-orthogonal chemical reactivity
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»
AMP + PPi O
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Aginoacyl-tRNA Synthetase

Nascent
Polypeptide ¢
Chain

O Natural Amino Acid
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Aminoacyl-tRNA Synthetase
~
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~ tRNAA
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tRNA

L Ribosome
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’ ~~
./ Orthogonal

Aminoacyl-tRNA

Synthetase

Translation
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Protein with
Incorporated UAA

mMRNA

Wals and Ovaa 2014, Frontiers in Chemistry
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab
» FITC conjugation of anti-CD19 Fab

- site-specific

Incorporation of noncanonical amino acids with bio-orthogonal chemical reactivity

(o]

Unnatural Y W PN N
amino acid 2 ( N, GH . ’ "
AzF | °
P +  BCN-PEG,-FITC By

HO O O @ OH
“click” reaction PBS, 37°C
(o]
sWg asanaaagyt
[ - e
HO @ O O OH

Site-specific conjugation
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab
» FITC conjugation of anti-CD19 Fab

- site-specific

- random

Amine-reactive Crosslinker Chemistry

\/\NJ\OI
H
NHS Ester Derivative
Amide Bond
0 0 0
R«{ 0 J
0—N + R=——NH, —» )I\ g+ HO—N
R N/
-
o Reactive Amine 0

NHS Leaving Group
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Effect of FITC conjugation on sCAR-T cells:

Anti-CD19
Nalm-6 (CD19") : Site Effect
A
100
(G68) -8~ CD19-Fab ECg, = NA
> 807 @ A-FITCEC,,=0.9+0.3 pM
. 4% B-FITC EC4, = 0.5+ 0.1 pM
N ] ¥ C-FITCEC;,=1.20.2 pM
C ‘ L X 2 401 - D-FITC EC4, = 0.79 £ 0.1 pM
Q. Y . © =~ E-FITC EC4,= 2.9 £ 0.4 pM
(T109) - S ¥ 204 ¥~ F.-FITC EC,y = 4.0 + 0.2 pM
Q £S 0 -
E Q 10 107° 10 10" 10° 10' 10% 10°
(3202) s £ Concentration (pM)
(K136)

= Highly potent lytic activity for all constructs
» Anti-CD19-switch with FITC conjugations proximal to antigen binding region

are more potent
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Effect of FITC conjugation on sCAR-T cells:

C Nalm-6 (CD19") : Valency Effect

100 -
Anti-CD19 s0- CD19-Fab EC,, = NA
A-FITC EC4, = 0.9 + 0.3 pM
B-FITC ECyy = 0.5 £ 0.1 pM
AB-FITC EC,y = 0.4 = 0.0 pM
E-FITC ECyo = 2.9 + 0.4 pM
F-FITC EC,o = 4.0 + 0.2 pM
EF-FITC ECgp = 2.3 4 0.2 pM

60

404

trtrwed

20+

0
10 10 10 10" 10° 10' 10* 10°

Concentration (pM)

D Nalm-6 (CD19") : Bivalent Switches

(T109) _ "
Q . 100
E %C\\@ : -e- CD19-Fab EC4o = NA
\ - = 807 Random
> (DAR 2)
) =
(3202) F E sod - ECyy=1.8 4 0.0 pM
2 =~ AB-FITCEC,,=0.,4+0,0pM
(K136) s ] o ” PAETER
> 4 EF-FITCEC,, = 2.3 + 0.1 pM
= 504

———
10* 10 10% 10° 10° 10’ 102 10°?
Concentration (pM)

= Bivalent switches more potent than monovalent switches

—> site and number of conjugations affect CAR-T activity
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Targeting of other tumor antigens (CD22) using the same sCAR-T cell:

+
E Nalm-6 (CD22")
80
A-FITC ECgy =772.5 + 170.7 pM
Z 60 - B-FITC EC,, = 1820 + 380.4 pM
S =#= AB-FITC EC5y = 48.2 + 31.4 pM
-E 40 =~ E-FITC EC,;, =637.9 £ 103.7 pM
E; =k~ F-FITC ECg, = 506.9 + 1.9 pM
= 204 == EF-FITC EC;y = 18.1 + 3,7 pM
1 - g | .. +
o p—=—1 — F Raji (CD22")
102 107" 10° 10' 10* 10* 10° 80 -
Concentration (pM)
A-FITC ECg, = 98.4 £ 7.7 pM
= =B~ B-FITC ECg, = 1135.5 + 65.8 pM
> =4~ AB-FITC EC,, = 63.3 + 30.9 pM
o
5 =B= E-FITC ECy = 113.7 £ 25.3 pM
:; —#&— F-FITC EC,, = 78.2 £ 3.0 pM
= =8= EF-FITCECg,=7.7 + 0.1 pM

Concentration (pM)
=  Anti-CD22-switch with FITC conjugations distal to antigen binding region are
more potent
—> distinct geometrics are required for each individual antigen-antibody

interaction for optimal effector functions
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Effectiveness of SCAR-T cells with optimized anti-CD19 AB-FITC switch

In vItro:
A Cytotoxicity B Cytokine Release
100 2500 -
- + - - ns
1 -8~ CART-19 + Nalm-6 Bl CART-19 + Naim-6
2000 - anti-FITC CAR-T + Nalm-6 ’—|

anti-FITC CAR-T + Nalm-6
+ 1nM AB-FITC

80

(+ AB-FITC) T

60 -

pg/mL

40 1

% Cytotoxicity

20 7 1

15:1 5:1 1:1 0.2:1 0.04:1

Effector:Target ratio

= Anti-FITC CAR-T cells in conjugation with optimized anti-CD19 AB switch are
comparable to conventional anti-CD19 CAR-T cells
- in electing tumor-specific effector functions

- inducing costimulatory signaling
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Effectiveness of SCAR-T cells with optimized anti-CD19 AB-FITC switch

in vivo: Anti-FITC CAR-T

Random
CART-19 CD19 Fab B-FITC AB-FITC E-FITC EF-FITC DAR 2

. 20
&] ! (R
Day 6 A i
)
Day 12 ’ : [ 10 x10®
i ~ A B ' ' .V : [ os
Day 19 AL b »?"::‘ 4 .
'. : “ . - ( Ra_dnar-ce
Y : (pisecfcmijsr)
' ' ’ Y ' » ’ Color Scale
Day 33 - ‘ : ' ﬁ ] \,/ Mas = 2.0005
Day 47

A 1R

= Anti-FITC CAR-T cells in conjugation with optimized anti-CD19 AB switch are

able to clear tumor cells in vivo
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In vivo control of SCAR-T cell activity:

A Anti-FITC CAR-T G Anti-FITC CAR-T
+ Anti-CD19-FITC (AB) 0.05 (3)
_PBS (GARTAY 05 0405 0005 mgkg PBS  0.5(x6) 0.05(x6) +0.5(3) 0.005 (x6) mglkg
Day 6 Day 6
Day 12 Day 12
Day 19 Day 18 ,
E 2 «;{’ﬂ
Day 31 Day 33 . M

= Anti-FITC CAR-T cells in conjugation with optimized anti-CD19 AB switch

can used to decrease the risk of tumor lysis syndrome
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In vivo termination of persistent B cell ablation by stopping of switch dosing:

= mouse sCAR-T cell generated using splenocytes from C57BL/6 mice

C PBL CD19" counts
20000 "
Bl Control
- anti-CD19 (1D3) CAR-T
@ 100007 gy 2Nt-FITC CAR-T + .
€ anti-CD19-FITC '
>
® 10000
')
> xx
S
S 5000
o
N -
[ 1
0 I - = ' - '

Day 5 Day 12 Day 22

» Repopulation of CD19* cells in the peripheral blood upon termination of

switch treatment - sCAR-T cell response can be “turned-off”
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Proceedings of the National Academy of Sciences of the United States of America WWW. PRas.org

Switch-mediated activation and retargeting of
CAR-T cells for B-cell malignancies

David T. Rodgers®, Magdalena Mazagova®, Eric N. Hampton?, Yu Cao®, Nitya S. Ramadoss®', lan R. Hardy®?,
Andrew Schulman?, Juanjuan Du®, Feng Wang®, Oded Singer™”?, Jennifer Ma®, Vanessa Nunez?®, Jiayin Shen™*,
Ashley K. Woods?, Timothy M. Wright?, Peter G. Schultz*®>, Chan Hyuk Kim®>, and Travis S. Young®®

*Department of Biology, California Institute for Biomedical Research, La Jolla, CA 92019; and "Department of Chemistry and The Skaggs Institute for
Chemical Biclogy, The Scripps Research Institute, La Jolla, CA 92037
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Switchable CAR-T cells:

» Retargeting of CAR-T cells by the introduction of peptide-neo epitopes (PNE) in
an antigen-specific antibody (anti-CD19)

- 14aa PNE sequence from the yeast transcription factor GCN4

Malignant Malignant

cell cell

antigen

%2 Therapeutic
{  Antibody
(Fab)
Switch

t cytolysis
scEv @targeting
L g H . !

(Y

‘u‘ﬂ
scFv“

Peptide
Neo-epitope

Conventional CAR-T cell
Switchable CAR-T cell

Switchable

CaR ! CAR-T cell
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In silico immunogenicity assay of PNE:

EpiMatrix Protein Immunogenicity Scale

Interferon-Beta——

PNE peptide:
NYHLENEVARLKKL

GHRH —

Erythropoieti i
rythropoietin Pept|de sequences analvzed:

LCNT: N-terminal graft of the PNE
to the 4D5 light chain
LCWT: wild type 4D5 light chain

Thrombopoietin

Tetanus Toxin ——;

T A — HCNT: N-terminal graft of the PNE
GMCSF— . d to the 4D5 heavy chain
IgA——_ — HCWT: wild type 4D5 heavy chain

Fibrinogen-Gamma —8

«——LCNT (-25.17)
: LCWT (-34.97)

Albumin ——

IgG FC Region ——

Fibrinogen-Alpha

HCNT (-53.73)
HCWT (-64.47)

Beta-2-Microglobulin

Follitropin-Beta
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Design and Synthesis of switch molecule:

= Gene fragments encoding anti-CD19 or anti-CD20 heavy and light chains with

or without PNE engraftment were synthesized

H.ﬂ WT HCNT LCNT NTBV LCC1 HCCA1 ciBvV HCCT LCCT CTBV
Antibody NG 14
= 08 B W B
PNE »wn ‘2,‘=&J_, 3 '% ' , . h& 2 ?t o
anti-PNE : o 8 § Al % % &

scFv
Anti-CD19 FMC63 Light chain LCC1 (graft and linker underlined):

sCAR

DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQE
DIATYFCQQGNTLPYTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQ,

ESVTEQDSGGGGSNYHIENEVARI KKI GGGGSDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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Effect of hinge region design on sCAR-T cells in vitro:

IL-2 (pg/ml)

» SCAR-T cells with different hinge length
CD8 hinge 45AA; 1IgG4 and IgG4m hinge 12AA

anti-CD19 LCNT Fab

1009 5= Mock

40+

20+

Cytotoxicity (%)

04

go4= CD8 (3.6 pm)
I~ 1gG4 (1.3 pM)
601+ 19G4m (0.9 pM)

104 102

100 102 104
Switch (pM)

1 nM anti-CD19 Fab

g
8

10000+

B Mock B IgG4

B CD8 M IgG4m

LR
e e e ve ve %

CART-19 LCNT HCNT NTBV LCC1 HCCT

Switch

O

% of T cells CD25"CD69"

1 nM anti-CD19 Fab

—_
o
1

o
}

O

Cytotoxicity (%)

2 8 5 8
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o e e

Bl Mock EE 1gG4
Il CD8 I 1gG4m

LCcC1

HCCT

Switch
anti-CD19 LCNT Fab
1004
-e- Mock
80{ -= CD8 -
- |gG4 2
604 lgG4m 2
L2
40- %
s
204 >
(6)
L Eﬁ
Al T
102 100 102 104
Switch (pM)

E sCAR-T alone sCAR-T +WT Fab
1160 | 7.38 j&zu 10.4

i\

| 1 '8
“170.3 6.41 "159.6 . | 6.70

Mock + LCNT SCAR-T + LCNT
; ;115.1 35.4
W'y ¥

ln .

8 "

3 T—» L
CD69

110.5 8.94
} ' |
; 9.0 11.5J “1381 | 10.4

anti-CD20 Fab

=~ LCNT (6 pM) -+ NTBV (58 pM)
J-— HCNT (23 pM) = CTBV (1.4 pM)
—~— LCCT (0.24 pM) .

104 0%  10°  10¢  10*
Switch (pM)

» Increased sCAR-T cell activation through shorter hinge regions (IgG4) and

dimerization of SCAR upon interchain sCAR formation (IgG4m)
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Effectiveness of SCAR-T cells with different switch and hinge designs in vivo:
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= Most effective in vivo tumor clearance by sCAR-T cells with IgG4m hinge

region and anti-CD19 switches with NT fused PNE
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SCAR-T cell expansion during tumor clearance in vivo:

IgG4m sCAR

A CART19 +LCNT - LONT B+ CART19 -+ IgG4m sCAR-T + LCNT
- 3 " = PBS ~+ |9G4m sCAR-T - LCNT
% *#f ? “. - 150
5 vi"‘*.‘

L 100
= ol
3 Bl

/f‘(

- 50

(Jwy6d) z-TI

72h

Avg Radiance [p/s/cm?/sr]

96h

0g 24 48 72 96
Time (hours)

= in vivo tumor clearance by sCAR-T cells with IgG4m hinge region and anti-
CD19-NT-PNE switch comparable to conventional anti-CD19 CAR-T cells
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Dose dependent control of SCAR-T cell activity in vivo:
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= switch dose is able to control activity, cytokine release and phenotype of

CAR-T cells in vivo
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Summary switchable CAR cells:

- strategy to combine autonomous control with user control for engineering safer
therapeutic immune cells

Pros:

- selective regulation in temporal and titratable manner

- this strategy requires no elimination of the therapeutic immune cells after treatment
—> persistence and re-activation in case of relapse

-  Modularity allows the use of one sCAR-T cell with different switches targeting

various antigens

cons:

- Distribution and localization of CAR-T cell and switch?
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Thank you for your attention!!!
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Thank you for your attention!!!
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Strategies for engineering therapeutic cells with autonomous and user control:

A Autonomous control  User control _
(antigens, cytokines, etc.) (synthetic small molecules, light, etc.)

disease specific VL ‘l’ VL V} VL safety, timing,
recognition |_"—| | |—' dose, location

Integration
Engineered .
\ Precision cellular
therapeutic cell response
B Natural “Active” Synthetic multi-input switches
fwa-:_nput complex divided in alternative configurations Synthetic
switch Cell  crail
v signal 1 olecule

response

vy A2 4
i / ~ 4 "? N | G
b3 & &:ﬁ
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab

= FITC conjugation of anti-CD-19 Fab

- site-specific

Incorporation of noncanonical amino acids with bio-orthogonal chemical reactivity

A Evolving an Orthogonal tRNA
Negative Selection

Antibiotics

Toxic Barnase Gene (amber)

tRNA Mutant Library

B Evolving an Orthogonal tRNA

Positive Selection Heterologous aaR$ Mutant Library

Antibiotics

O+

P .
. - .‘
P
. . . “
R S N
;
' .
’ '
.. ' —b
s a
. .
’ .
« '
S
=
. —’

Survive

B-Lactamase Gene (amber) tRNA Mutant Library

DL 3

TOX]C Barnase

D) —&

B-Lactamase Ampmllin Resistance

Wals and Ovaa 2014, Frontiers in Chemistry
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Design and Synthesis of switch molecule:

= Switch based on Fab format using a anti-CD19-specific monoclonal Ab

FITC conjugation of anti-CD-19 Fab

site-specific

Incorporation of noncanonical amino acids with bio-orthogonal chemical reactivity

C Evolving an Orthogonal aaR$

Heterologous aaR$ Mutant Library

Positive Selection

Antibiotics

D Evolving an Orthogonal aaRS

Negative Selection

Antibiotics

Toxic Barnase Gene (amber)

Heterologous aaRS$ Mutant Library

tRNA Mutant Library

Survnve

Chloramphenicol Acetyl Transferase

Survive

To ic Barnase

b —
/o\w Death

Wals and Ovaa 2014, Frontiers in Chemistry
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Effectiveness of ON-switch CAR cells:
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= Antigen-specific and titratable killing of target cell population
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In vivo control of SCAR-T cell activity:
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Effectiveness of SCAR-T cells with optimized anti-CD19 AB-FITC switch

in VIVO:
ROI

109~
— -o—- CD19 Fab
&g 108+ —-o- CART-19
:%10?_ B-FITC
£ E-FITC
6 10°4 ~- AB-FITC
% 105 —- EF-FITC
& _ —- Random

210 2 T — DAR 2

0 20 40 60

Days after Nalm-6 iv

= Anti-FITC CAR-T cells in conjugation with optimized anti-CD19 AB switch are

comparable to conventional anti-CD19 CAR-T cells
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In vivo termination of persistent B cell ablation by stopping of switch dosing:

= mouse SCAR-T cell generated using splenocytes from C57BL/6 mice

B Day 5 Day 12 Day 22
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Targeting of other tumor antigens (CD22) using the same anti-FITC CAR T cell:
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Effect of PNE conjugation on sCAR-T cells:

B  100- anti-CD19 Fab Zr—— 1 nM anti-CD19 Fab
-= LCNT -+ CTBV — m WT

< 809 -+ HCNT = C1BV =
S " E 15000 EE LCNT
< HCC1 o~ LCCT £
> 60 o> BE HCNT
X 404 ==~ NTBV - WT 10000+ sk
g i i mm LCC1

2 - B HCCT
5‘ 20 5000-
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Switch (pM)
F  100- anti-CD20 Fab G 000 1 nM anti-CD20 Fab
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< 804 -+~ HCNT (1.9 pM) Fdke ek
X - LCCT (4.7 pM) % — e
> 604 - HCCT (8.4 pM) E 20000-
.6 — ﬁ
.g - =y
Z -+ NTBV (6.8 pM) e
S 20- -~ CTBV (15 pM) '} 10000-
®) - WT -

0+

L 160 162 16‘ v WT LCNT HCNT LCCT HCCT NTBV CTBV

Switch (pM)

= Anti-CD19 — and anti-CD20 switches with PNE conjugations proximal (NT) to

antigen binding region are more potent - decreased distance EC and TC?
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a ‘Armoured’ CARs
e.g.IL-12-secreting CAR T cells

IL-12

o
b Dual receptor/chemokine CARs
% e.g. CART cells co-expressing
tumour-specific CAR and
chimeric cytokine receptor 4af

f Targeting tumour vasculature
e.g. VEGFR-2-specific CAR T cells

T1E28z

(%)

VEGFR-2-specific
scFv

4af

—

Mesothelin-
specific scFv

p—
—
NKG2-D

extracellular
Ay domain
S

¢ NK cell-receptor CARs
e.g. NKG2-based CAR

e B-cell eradication
e.g. infusion of tumour-targeted
CART cells together with
B-cell-specific CAR T cells mAb

d Combination therapy
e.g. CART cells and checkpoint blockade

Jackson et al. 2016, Nature Reviews — Clinical Oncology
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In silico immunogenicity assay of PNE

In Silico
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In silico immunogenicity assay of PNE

ISPRI is an integrated, interactive set of tools
specifically designed for immunogenicity analysis.
ISPRI provides the depth of analysis necessary to
accurately predict clinical immunogenicity.

Epitope Epitope Protein
Mapping Ranking Reengineering

o~
ClustiMer/ m

® DeFT (OptiMatrix)
Immunogenicity
Scale \ In Vitro / In vivo
m "
JMX-Adjusted
Score
.

Target Selection
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In silico immunogenicity assay of PNE
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