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Bias of this presentation

 Combine gene therapy with T-cell therapy
to over come issues of immune tolerance

 Use of mouse and humans to harvest
desired IiImmune receptors

« Common platforms for the development
and release of T cells with redirected
specificity



Tumor-specific T cells

 Tecells th at recognize tumor-assfgted*

antigen (TAA) througt mtroduéd ehimeric
anmgen race’@tor mdgegd@t of MHC
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Harvesting and re-expressing
melanoma-specific aFTCR

Tumor-specific T cell receptor Lymphodepletion,
%« . cytokine therapy,
‘ } : Clonal expansion vaccination
Isolation of ik of genetically
autologous — modified T cells
peripheral T cells _

Endogenous T cell receptor ﬁ.«

T cell receptor

fo|f

Infusion of
gene transfer ﬁ({ N cngineered
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Cancer patient with

metastatic metanoma 6 OCTOBER 2006 VOL 314 SCIENCE %;
TCR gene therapy in patients with metastatic melanoma
Target Antigen TCRof  Patient Response CR PR Reference

Science 2006; 314:126-129

MART-1/A2 human 3 4 4 Blood. 2009;114:535-546
human 6 (3, 4,9, 16+, ) Ear

MART-1/A2 ity 20 6 17 174) Blood. 2009;114:535-546

gp100/A2  mouse 16 3 1(14+) 2 (4,3) Blood. 2009;114:535-546

NYESO1/A2  human 11 5 2 (22+, 20+) 3(3,8,9+) J Clin Oncol 2011;29:917-924




Toxicities from TCR transfer

* GVHD due to the pairing of introduced

g T and endogenous TCR chains in TCR
N . gene-modified T cells in mouse model.
e i
i S - 25 Nature Medicine16,565-570(2010)
o |15ﬂfu/“b"'
-’ | / ff’ @ . & < Onthe contrary, there has been no
; . — L, report of GVHD in human clinical trial
1 \ }:? " so far. Molecular Therapy (2010)18,1744—1745
Tumar antigen =3 s :" Feil antigen . .
! — 5 \ ",..w--*'*:;f*:l » Further improvement of adoptive T cells

e therapy (e.g. long-lived T cells) may

cra . ot dsesse increase the potential risk of GVHD.
Nature Medicine16,520-521(2010)

Potential Solutions
« Endogenous TCR can be disrupted by designed ZFN pairs to eliminate potential risk
of GVHD Nature Medicine (2012) Published online 01 April 2012
» Other approaches to avoid mis-pairing include
i) use mouse derived TCRay constant region Cancer Res 2006 66(17):8878-86.
i) Cys modification Blood.2007;109:2331-2338., Cancer Res. 2007 67:3898-3903.
iii) SIRNA to suppress endogenous TCRo3 Cancer Res. 2009,69:9003-11.

iv) TCRof3 gene transfer to y0 T cells. Cancer Res 2006;66(6):3331-7.
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lymphocytes expressing survivin-specific
transgenic T cell receptors

4Clinical Cooperation Group “Immune Monitoring,” Helmholtz Zentrum Miinchen, German Research Center for Environmental Health, Munich, Germany.

Fratricide

J Clin Invest. 2010;120(11):3869-3877.
MHC-restricted fratricide of human

Matthias Leisegang,! Susanne Wilde,2 Stefani Spranger,2 Slavoljub Milosevic,2
Bernhard Frankenberger,? Wolfgang Uckert,’® and Dolores J. Schendel>*

1Max-Delbriick-Center for Molecular Medicing, Berlin, Germany. ZInstitute of Molecular Immunology, Helmholtz Zentrum Minchen,
German Research Center for Environmental Health, Munich, Germany. *Humboldt University Berlin, Institute of Biology, Berlin, Germany.

x-fold increase

FBMC
"9
019 —CH20 .
10 Ho *-0*131? 22
0
0‘1165
9 13 44
o8 | T3
<12
Fil's]
o6 11
5w
o
100 102 104 108 108

CP value

151

201

251

30

35

CD8-sorted
o1
w319 —CH 20
18 40 %52
=
16
=413
go '_—5—{%2'14
BaHox —oi11
4
o3
100 102 10* 108 108

¥-fold increase

A

= OWOo O & wh =

EGFR
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PRAME
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EPCAM
CA9
hTERT
RGS5
MUC-1
VEGF
p53
c-myc
HMMR
NPM1
Survivin



|dentification of target antigens for CD8* T cells

a T cell clone or T cells from tissue

Capillary

T

. ??. \E‘ i-'..-'
Plasmids a{*r?_r o
hCD8uff T

T cell 580 B
T hybridoma
hCD8op I
Antigen-
presenting
cell

COS-7

antigens of CD8+ T cells with combinatorial libraries
MHC coding for short peptides. Nat Med. 2012.

(%) O Siewert et al., Unbiased identification of target

Peptide library



Oligoclonality
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Tumor-specific T cells

+ Tecells th t%t recognizg, tumor-assefiated

antigen ( A) throu'- mtroduéd ehimeric
anmgen race’@tormmﬂoegd@t of MHC

» T cells that tecogi@@ TAA though™ —
enﬂo@e‘nous of _cell receptor (RCR).In

context of M C é‘a ’ _ %




Rationale

Targeting CD19 determinant on B cells VA
CD19 antigen is a 95 kDa B lineage-specific

membrane glycoprotein, found on >95% of B-cell COOH
lymphomas and B-ALL cells;

CD19 is rarely lost during the process of neoplastic
transformation, but disappears upon differentiation to
mature plasma cells;

CD19 is not expressed on hematopoietic stem cells,
nor on normal tissues outside the B lineage;

CD19 is not shed into the circulation.




Clinical trials in USA infusing CAR™ T cells

Viral-
specific Lympho- CAR ClinicalTrial.gov

Antigen Tumor target Teell depletion  generation identifier Enralling SAE Gene transfer
1 Kappa light chain B-NHL and B-CLL Mo Yes First and second  NCTOO0881520 Yes TBM Virus
2 CDg Lymphomafeukemia (B-MNHL) and CLL Mo No First and second  MNCTO0586381 Yes TBM Wirus
3 cCcoDig Advanced B-NHL/ACLL Yas Mo First and second  NCTOO708033 Yas TBM Virus
4 CD18 Lymphama and leukamia Mo Yes Second MNCTO0924326" Yes TBM Wirus
& CDi19 ALL (post-HSCT) Yeas Mo Second MNCTOD840853 Yas TBM Virus
&6 CDi9 Fellicular MHL Mo Yes First MNETO01 82650 Neo No Eleciroporation
7 CDh9 CLL Mo Yeszno  Second MNCTO0466531" Yas Yes Virus

{1 Death)
&8 CD1a B-MNHLleukemia Mo Yes First and second  WCTO0891215 Yes TBM Wirus
8 CcDig B-cell leukemia, CLL and B-NHL Mo Mo Second MNCTO1087204 Yes TBM Virus
10 CD19 B-ALL Mo Yes Second MCTON 44069 Yes TBM Wirus
11 cD19 B-lymphoid malignancies Mo Yes Second MCTO0SEETE0 Mo TBM Electroporation
(58 systam)
12 CD20 Relapsedirefractory B-NHL Mo Yes First WCTO0012207" Mo Mo Elactroporation
13 CD20 Mantle cell lymphoma or indobant B-NHL No Yes Third WNCTO0621452 Yes TBM Electroporation
14 GDp Meurcblastoma Yas Yes Firsl MCTO00B5%30* Yes Mo Wirus
15 CEA Adenocarcinoma Mo Mo First MCTOOM041TE Mo Mo Virus
16 PSMA Prosiale cancer Mo Yes Firsl MNCTD0EE4106 Yes TEM Wirus
17 CDA7TAML1-CAM  Meuroblasloma Mo Mo First MCT 00006480 Mo MNo Electroporation
18 FR Ovarian epithokal cancer MNo Mo First MNCTO0019136 MNo No Virus
18 CEA Stomach carcinoma Mo Neo Second WCTO0425078 Yes TBM Virus
20 CEA Breas! cancer Mo Mex Sacond NCTO0ET 3829 Yaos TBM Virus
21 CEA Colosectal carcinoma Mo Mo Soecond WCTO0673322 Yoz TBM Virus
22 IL-13Ra2 Glieblasioma Me MA Second WNCTOOT30613 Mo MNo Electroporation
23 ERBB2 Metastatic cancer Mo Yes Third NCTO0924287 Me Yes Virus
(HER2/meu) {1 Death)

24 HER2neu Lung malignancy Yes No Second NCTO0880954 Yes TBM Wirus
25 HERZneu Advanced ostecsarcoma Mo No Second MNCTO0S020:44 Yes TBM Wirus

Blood. 2010 Aug 19:116(7):1035-44.



CAR design
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Which T-cell sub-population to
genetically modify?

)
Research article =

Adoptive transfer of effector CD8* T cells
derived from central memory cells establishes
persistent T cell memory in primates
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Adoptively transferred effector cells derived from
naive rather than central memory CD8* T cells
mediate superior antitumor immunity
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Which T-cell sub-population to

genetically modify?

ARTICLES

A human memory T cell subset with stem cell-like
properties
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A Distinct Subset of Self-Renewing Human Memory
CDE" T Cells Survives Cytotoxic Chemotherapy
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Which T-cell sub-population to
genetically modify?

Thi7 Cells Are Long Lived

and Retain a Stem Cell-like Molecular Signature
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RISTARCH ARTICLE

UNOLOGY

The Inducible Costimulator (ICOS) Is Critical for the

Development of Human Ty, 17 Cells

Cheryaiad M. Paubse"* Carvine Corgesivg,’ Gabwtels Ples,” Bagaes M fahaki,”
Angs! Varols Aokesna,* TaSisrs M. Golovira,” Mchard O Coresll,'* Jumes L. Biley,” Conl B, Jurs'™
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Published clinical data to date infusing
CAR* T cells targeting CD19

+
Institute (.:D19
Disease
U Penn CLL
Follicular
NCI Lymphoma
and CLL
CLL and
MSKCC B-ALL
B-NHL or
BCM CLL
COH Follicular
Lymphoma

Clinical
Trial.gov
Identifiers

NCT01029366

NCT00924326

NCT00466531
and
NCT01044069

NCT00586391

NCT00182650

Chemotherapy
prior to T-cell
infusion

Yes

Yes

Yes

No

Yes

IL-2 after
T-cell
infusion

No

Yes

No

No

Yes

Blood. 2012 Mar 22;119(12):2700-2.

Gene transfer
approach

Lentivirus

Retrovirus

Retrovirus

Retrovirus

Electroporation

Mouse
mADb clone
CAR used to
scaffold to derive
append scFv scFv
CD8alpha FMC63
Truncated
CD28 FMC63
Truncated
CD28 SJ25C1
1gG1
CH2CH3 FMC63
domains
IgG4 hinge
and CH,-CHj3 FMC63
domains

CAR signaling
endodomain(s)

CD137 and
CD3-zeta

CD28 and CD3-
zeta

CD28 and CD3-
zeta

CD3 zeta vs.
CD28 and CD3-
zeta

CD3 zeta

Loss
of
normal
B
cells?

Yes

Yes

Yes

Yes

No



Vector systems to express CAR
transgenes used in clinical trials

IRIDR Fromoter ; CAR Poly A IRIDR
Transposase | }
Promoter Poly A
S ==

| b 3

5 LTR CAR J'LTR

sd

5LTR ¥ HIVRRE HIV cPPT Promoter WPRE JLTR



GD,-targeted CAR™ T cells in patients
with neuroblastoma

A Overall Survival
E 0.8
% 0.6
E 0.4 -
b= . .
é:? 0271 Antitumor activity and long-term fate of CAR*
"; T L 1 1 T cells in patients with neuroblastoma
Years Post Infusion
B Overall Survival

Proportion Surviving
= ol 1 ! ! [ 1
== _‘_,_I"_'_H—i
o 1
1
]
I
+ &
E

rrrrr

C z Time to Progression
i; — -rm-cﬁwm_“w
E i ersistence =6 wee
0 L ——r—— Louis C U et al. Blood 2011;118:6050-6056

Cumulative

000000
Years Post Infusion



CD19-targeted CAR* T cells in patients
with B-cell malignancies

13 weeks after treatment

A 2000 Before infusion
=l
E‘ 1500
tn
Z 1000
o
m soo
“ T L] -t Ll - I- q_ T - I_H
0 10 20 30 40 50 60 7O
Weeks after T cell infusion
B Befora treatment

¥

Kochenderfer et al., Blood. 2012 119: 2709-2720



CD20-targeted CAR™ T cells in patients
with B-cell malignancies

Baseline 1 month

6 months 12 months

Baseline 3 months

i

g

Tumor burden (cm?)

0 3 6 9 12 15
Months after T cell infusion

Till B G et al. Blood 2012:119:3940-3950



CD19-targeted CAR* T cells in patients
with B-cell mahgnanmes

Bone Marrow—Biopsy Specimens

Day -1 (baseime}

“ Porter et al., NEJM

2011: 365:725-33.




CD19-targeted CAR* T cells in
patients with B-cell malignancies

A CART 19: Blood B WBC and CART 19: Blood
1O o
—— PO ?
= L2 10"
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= =
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= £
3 ' g
3 s W
§ =
u S ot
3
2wt
: . : - . . . A p— e T T et
o 20 40 & i) 100 120 140 &0 180 a 20 & &0 B0 100 120 40 16D 180
Day (after infusion) Day (after infusion)
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1 ) 40 &0 BO 100 1 40 160 18D
Day (after infusion) Day after infusion)

Sci Transl Med. 2011 Aug 10;3(95):95ra73.



CD19-targeted CAR* T cells in
patients with B-cell malignancies

Sci Transl Med. 2011 Aug 10;3(95):95ra73.



CD19-targeted CAR™* T cells in patients with B-cell
malignancies

Diagnosis-Patient Adverse events Grade Related Patient Toxicities*t
CLL-1 Fabrile neutropenia 3 Probabla . § "

Rigors, chills - Probabie 1t Fatigue, herpes zoster with secondary ofitis externa 6 months after
ClLL-2 Faver, rigors, chills 2 Probabile treatment

Chest pain z Probablo 2 Escherichia coli bacteramia, died with influenza pneumonia,
ClL-3 Fever, rigors, chills i Probabie dyspnea, hypoxemia, nonbacterial thrombotic endocarditis,
CLL-4 Fewver 2 Probabla bral infarcti levatad i

Rigors, chills, dyspnea ; Probabie cerebral infarction, elevated liver enzymes

Hypatension, renal failure 5 Possible 3 Hypotension, acute renal failure, hypoxemia, hyperbilirubinemia,
CLL5 Faver 2 Probablo capillary leak syndrome

Rigars, chills E Probable 4 Diarrhea, fatigue

Hyponatremia 1 Possibla . ,
ClLs Fever ; Probable 5 Fever, fatigue, hypotenmon

Hypotansion 5 Possibla 6 Hypotension, capillary leak syndrome, hypoalbuminemia

Fabrile neutropenia 3 Possible 7 Obtundation, acute renal failure, hyperbilirubinemia, capillary leak
CLL7 Febrile neutropenia 3 Probatie syndrome, anorexia, elevated liver enzymes, electrolyte
CLL-g Faver 2 Probable abnormalities
ALL-1 Meutropenia 4 Possibla - - -

T 5 Possibla 8 Hypotension, obtundation, acute renal failure, capillary leak

Hypotension 3 Possible syndrome, headache, pleural effusion, electrolyte abnormalities

Brentjens et al., 2011. Blood 118:4817-4828 Kochenderfer et al., Blood. 2012 119: 2709-2720



Vector systems to express CAR
transgenes used in clinical trials

4 e

IR/IDR Promoter CAR Poly A IR/IDE
:' 1 Transposase
B Promoter Poly A
sd
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Genetic modification and
propagation of T cells

Infusion
@ @ @ @ Electroporation with

@@ @ Sleeping Beauty 7
transposon/transposase system Anti . -
i -
@ o mtroduce oY ) Igenos;p;f;glchcr;iagatlon

From peripheral Artifical antigen presenting cells
blood mononuclear cells (irradiated)




Selective outgrowth of CAR* T cells
on aAPC

= CAR’ > CD3*

Inferred cell cou




Mouse models — predictive?

 Infuse human CAR* T cells into
NOD/Scid/IL-2Ry" (NSG) mice

* Does this predict for toxicity or potency?



1st generation vs. 29 generation
CARs

108
\
—a— CD19R
E
o
Is)
)
= 108
Background
luminescence
105 1 L] | L | L] 1 L] 1 L] |
0 10 20 30 40 50

Days since T-cell injection



1st generation vs. 29 generation
CARs
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Tumor-Free Survival (%)

Companion canine NHL
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“Off-the-shelf” CAR*TCR"™ 9 T cells

Ex1

. Ex2 Ex3 Ex4
TRAC: —i ] i - Chr. 14q11.2

TRAC-ZFN-2
CAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTGCAAAGCCC

L e LT e il
GTTGTC ACGACACCGGACCTCGTTG TTTAGACTGAAACGTACACGTTTGCGG

TRAC-ZFN-1
Ex1
Ex2Ex3 Ex4
TRBCT: i H—1— chr. 7q34
Ex1
Ex2Ex3 Ex4
e L

TRBC-ZFN-2
CGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGACGAGTGGACCCAG
FLLE T T T T Tl
GCGACAGTTCAGGTCAAGATGCCCGAGAGCCTCTTACTGCTCACCTGGGTC

TRBC-ZFN-1




“Off-the-shelf” CAR*TCR"™ 9 T cells

Isotype control No mRNA  TRAC 2.5.g TRBC 5.0ug

'RAC 259 TRBC 5.01g

CD30

CD4 + CD8
(co-stain)

CD4 + CD8 .
(co-stain) T

FL1-H: CD4+CDB FITC

FL1-H: CD4+CDB FITC



“Off-the-shelf” CAR*TCR"™ 9 T cells

Days after stimulation
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Future approach to clinical trials

Use of DNA vectors affords opportunity to
change CAR design

aAPC may be useful for propagating
subsets of genetically modified T cells

Off-the-shelf T cells
Role of iCaspase9 co-expressed with CAR
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