Targeting tumors with genetically enhanced T lymphocytes

 Redirect T cell specificity towards selected antigens
—to overcome self-tolerance and antigen escape

« Enhance antigen receptor-mediated T cell activation
—to increase T cell expansion and survival

 Increase intra-tumoral T cell activation
—to augment tumor rejection



Physiological and chimeric antigen receptors
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19z1* and Pz1* T cells specifically lyse
CD19* and PSMA* targets, respectively
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QuickTime™ and a
TIFF (LZW) decompressor
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Intravenous administration of Pz1 T cells can eradicate pulmonary RM1.PGLS
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Monitoring tumor burden by positron emission tomography (PET):
eradication of established systemic Raji by i.v. 1921+ T cells
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T cell expansion conditions determine whether 19z1 T cells
eradicate established systemic Raji in SCID-bg mice
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What costimulation?
How to safely and effectively provide it?

e Classic costimulation

e Integrated costimulation

e On-demand costimulation
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Pz1+ CD8+ PBL proliferation on AAPCs expressing CD80 and/or 4-1BBL
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Combined CD80 and 4-1BB signals enhance effector functions
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What costimulation and how to safely and effectively provide it

e Classic costimulation

e Built-in costimulation

e On-demand costimulation



Construction of CD28/CD3( receptor
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Four weekly T cell infusions greatly enhance survival (NALM6)
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Flasmid Kits
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A Phase | Trial for the Treatment of Purine Analog-Refractory Chronic
Lymphocytic Leukemia using Autologous T cells Genetically Targeted to
the B cell Specific Antigen CD19 (IRB 06-138)

Enrollment Criteria:
Patients with purine analog-refractory CLL disease

Protocol Design:
— A 2 step design:
e Step I: Standard dose escalation of modified T cells

e Step II. MTD from phase I in combination with dose escalating lympho-depleting
cyclophosphamide chemotherapy

Treatment Protocol Phase 1:
— Dose escalation of 19-28z T cells
— 3 dose levels will be studied (3 x 107 T cells/kg, 1 x 108 T cells/kg, and 3 x 108 T cells/kg)

Treatment Protocol Phase 2:
— Dose escalation of cyclophosphamide prior to MTD dose of T cells established in phase I.
— 3 dose levels of cyclophosphamide will be tested (1.5g/m?, 2.2g/m?, and 3.0g/m?)

Anticipated patient enrollment
— 24-36 patients



“Third generation” chimeric antigen receptors
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What costimulation and how
to safely and effectively provide it

e Classic costimulation

e Integrated costimulation

e On-demand costimulation



ROLES OF COSTIMULATION IN T-CELL FUNCTION
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RESEARCH HYPOTHESIS AND PRIMARY EMPHASIS OF STUDY

Tumor antigen-specific T lymphocytes may serve

1 themselves as providers of costimulatory ligands if
they constitutively express these ligands and thus
offset costimulatory deficiency within the tumor
microenvironment

Constitutively expressed costimulatory ligands

could in principle directly engage their respective
2 receptors eventually following their induced

upregulation

(Auto-costimulation)..

... as well as deliver bystander costimulation to
3 other tumor infiltrating lymphocytes.
(Trans-costimulation)

“TRANS”COSTIMULATON\
\

“‘“AUTO"-COSTIMULATION
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Luciferase-GFP fusion

Supplementary Figure 4
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Do CD80+4-1BBL+ T cells auto-costimulate?

FITC-CTB 4-1BBL




DIC FITC-CTB  4-1BBL Granzyme B  Overlay * *k Khk ARk

14 21
12 18
Pz1* 10 > 15
control ShRNA ) 5 12
c
= 6 g9
m N
T 4 =36
. . >
Pz1" CD80 2 = 3
dsRed-4-1BBL* 0 s 0
x

control shRNA

Z1* control shRNA
PZ1* CD80* 4-1BBL"* control shRNA

Pz1* CD80* . X R
dsRed-4-1BBL* OPZl CD80* 4-1BBL* 4-1BB shRNA
4-1BB shRNA
18 hrs 24 hrs 30 hrs
A
Pz1

VIFI-PE= 86

PZ1-IRES-4-1BBL,
4-1BB shRNA

4-1BB-PE

PZ1-IRES-4-1BBL,
control shRNA

(B-globin shRNA)

CD8-APC >




’__N.\'.‘Q\-W' 10%
N 083 | 99.2
pﬁl W . EI [ : B
=51 - §
| pHTS-MNFEB O
FTOE bps - II <:\'E,
HENTH ilol_
, ; b 0l0_ | 6733
P Tz 10° 10? 10° 10°3 10%
\‘\____ i FL1-H: CD3-FITC
1) SFG-NIT control vector 2) SFG-4-1BB-T2A-dsRED-4-1BBL-IRES-CD80

a IRES a a T2A IRES |9

LTR L4 JONGFR MSV-tk LR LTR l 4-1BBL LTR

Time (hours after retroviral gene transfer)
0 2 4 6 8 10 12 14 16 18 20

2.39 0.152.56 01.4 0.382.82 1.817.05} 536861 13.7]15.84:% 133122 Al 23.5(7.35 4 % 3{?636: 514??5 58.1

i 4 4 | - A |{.;_' bt ' ;
94,2 3 2?!9? 5 0jas.4 2 ?8.91 5 3.79 4 42?-! 8 1 BQEE T 1 5‘59 7 2 EEiiﬁdI ] D2 3-?' 7 218)31.8

»CD80

1 0.7 [oez 1.01

7.42 l26.2 lad6 l49.9 56.1 54.6
y | ‘ - l | | ,
080 iso 3l- 59,2 99  lo2s 885 738 65.4| 150.1 43.5 45.1

»FSC
|

—»

4-1BB . 4-1BBL




Control, CD28+

3.8 -fold increase (p <

0.0001)

®|eo

®0 ®

o0 [ 4

coaboeo

ewPo o

o o o o -
() (@) () (@)
I e N =

IS|
<cwd/3aS/suoljoyd

4-1BB+ 4-1BBL+ CD28+

Calor Bar

1000
= 1400

hiin
iz x




Can CD80+4-1BBL+ trans-costimulate in the tumor microenvironment?

T cells ( ' )/) Tumor targets

Pz1*Click-luc*

1971 Click-luc* RM1.PGLS, Gaussia-luc*

(all mice) (all mice)
Pz1" T cells
or Raji, Gaussia-luc*
Pz1"4-1BBL*CD80* (all mice)
or

19z1%4-1BBL*CD80"




PZ1 click
+19Z click
+PZ1

PZ1 click
+19Z click
+PZ1-4-1BBL-CD80

PZ1 click
+197 click
+19Z7-4-1BBL-CD80

QuickTime™ and a QuickTime™ and a
TIFF (LZW) decompressor TIFFéLZW) decompressor
are needed to see this picture. are needed to see this picture.

TUMOR
IMAGING

QuickTime™ and a

ickTil decompressor
QuickTime™ and a QuickTime™ and a QuickTime™ and a TIFF {LaW) decompres:
TIFF (LZW) decompressor TIFF éLZW) decompressor  TIFF éLZW) decompressor are needed to'see this picture
re needed to see this picture. are needed to see this picture. are needed to see this picture.

QuickTime™ and a I QuickTime™ and a
TIFF (LZW) decompressor " TIFFéLZW) decompressor
are needed to see this picture. jare needed to see this picture.




DAY 1

PZ1 click
+19Z click

+ QuickTime™ and a QuickTime™ and a QuickTime™ and a QuickTime™ and a
TIFF (LZW) decompressor TIFF (LZW) decompressor TIFF (LZW) decompressor TIFFéLZW) decompressor
are needed to see this picture. are needed to see this picture. are needed to see this picture. lare needed to see this picture.

T-CELL
IMAGING

PZ1 click
+19Z click
+PZ1-4-1BBL-CDS80 TIEEQLEN) decompressor  TIFF e Moo mEeqSTime anda e )

are needed to see this picture.  are needed to see this picture. are needed to'see this picture. are needed to see this picture.

vickTime™ and a
T Searredsor
PRI CALE S

PZ1 click
+197 click
+19Z7-4-1BBL-CD80



PZ1 click
+19Z click
+PZ1

PZ1 click
+19Z click
+PZ1-4-1BBL-CD80

PZ1 click
+197 click
+19Z7-4-1BBL-CD80

DAY 3

T-CELL
IMAGING



PZ1 click
+19Z click
+PZ1

PZ1 click
+19Z click
+PZ1-4-1BBL-CD80

PZ1 click
+197 click
+19Z7-4-1BBL-CD80

DAY 5

T-CELL
IMAGING



PZ1 click
+19Z click
+PZ1

PZ1 click
+19Z click
+PZ1-4-1BBL-CD80

PZ1 click
+197 click
+19Z7-4-1BBL-CD80

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture. [

DAY 5 tumor

QuickTime™ and a QuickTime™ and a QuickTime™ and a
TIFF (LZW) decompressor TIFF (LZW) decompressor TIFF (LZW) decompresso
lare needed to see this picture. are needed to see this picture. are needed to see this pictul

TUMOR
IMAGING

QuickTime™ and T\F%‘ﬂ%?am anda
uickTime™ and a lecompressor

d 1o see this picture.
TIFF (LZW) decompressor are needed 10 see this picture.
lare needed to see this picture.,



Conclusions

=

©oON* WD

=
o

Systemic tumors can be eradicated by CAR-directed human T cells

without cytokine support or any other concomitant treatment in SCID mice
Xenogeneic tumor models are valuable to assess transduced T cell potency
In these models, T cell survival is limiting

4-1BB+CD28 are synergistic in enhancing T cell function and survival

T cell potency is proportional to the strength of PI3kinase/Akt activation

T cell and tumor localizations can be co-registered using BLI

T cells expanded under cGMP (i.v. admin) eradicate systemic tumors in mice
Have initiated a first trial targeting CD19 in pts with chemorefractory CLL
Constitutive expression of costimulatory ligands in T cells sustains
antigen-induced T cell survival and function in vitro

. Auto- and trans-costimulation are promising approaches to enhance

T cell function in vivo
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