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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 immune receptors

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



Tumor-specific T cells

• T cells that recognize tumor-associated 
antigen (TAA) through introduced chimeric 
antigen receptor independent of MHC

• T cells that  recognize TAA though 
endogenous αβ T-cell receptor (TCR) in 
context of MHC



Harvesting and re-expressing 
melanoma-specific αβTCR

6 OCTOBER 2006 VOL 314 SCIENCE

TCR gene therapy in patients with metastatic melanoma

J Clin Oncol 2011;29:917-9243 (3, 8, 9+)2 (22+, 20+)511humanNYESO1/A2

Blood. 2009;114:535-5462 (4, 3)1 (14+)316mousegp100/A2

Blood. 2009;114:535-5466 (3, 4, 9, 16+, 
17+, 17+)620human 

high avidityMART-1/A2

Science 2006; 314:126-129 
Blood. 2009;114:535-5464431humanMART-1/A2

ReferencePRCRResponsePatient TCRαβTarget Antigen



Toxicities from TCR transfer

• 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 TCRαβ constant region Cancer Res 2006 66(17):8878-86. 
ii) Cys modification Blood.2007;109:2331-2338., Cancer Res. 2007 67:3898-3903. 
iii) siRNA to suppress endogenous TCRαβ Cancer Res. 2009;69:9003-11.  

iv) TCRαβ gene transfer to γδ T cells. Cancer Res 2006;66(6):3331-7.

• GVHD due to the pairing of introduced 
and endogenous TCR chains in TCR 
gene-modified T cells in mouse model.   
Nature Medicine16,565–570(2010)

• On the contrary, there has been no 
report of GVHD in human clinical trial 
so far. Molecular Therapy (2010)18,1744–1745

• Further improvement of adoptive T cells 
therapy (e.g. long-lived T cells) may 
increase the potential risk of GVHD.

Nature Medicine16,520–521(2010)

Potential Solutions



Fratricide
J Clin Invest. 2010;120(11):3869–3877.



Identification of target antigens for CD8+ T cells

Siewert et al., Unbiased identification of target 
antigens of CD8+ T cells with combinatorial libraries 
coding for short peptides. Nat Med. 2012.
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Tumor-specific T cells

• T cells that recognize tumor-associated 
antigen (TAA) through introduced chimeric 
antigen receptor independent of MHC

• T cells that  recognize TAA though 
endogenous αβ T-cell receptor (TCR) in 
context of MHC



Rationale
Targeting CD19 determinant on B cells

• CD19 antigen is a 95 kDa B lineage-specific 
membrane glycoprotein, found on >95% of B-cell 
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.

NH2

COOH



Clinical trials in USA infusing CAR+ T cells

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



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



Which T-cell sub-population to 
genetically modify?



Which T-cell sub-population to 
genetically modify?



Published clinical data to date infusing 
CAR+ T cells targeting CD19

Institute CD19+

Disease
Clinical

Trial.gov
Identifiers

Chemotherapy
prior to T-cell

infusion

IL-2 after
T-cell

infusion
Gene transfer

approach
CAR

scaffold to
append scFv

Mouse
mAb clone

used to
derive
scFv

CAR signaling
endodomain(s)

Loss
of

normal
B

cells?

U Penn CLL NCT01029366 Yes No Lentivirus CD8alpha FMC63 CD137 and
CD3-zeta Yes

NCI
Follicular

Lymphoma

and CLL
NCT00924326 Yes Yes Retrovirus Truncated

CD28 FMC63 CD28 and CD3-
zeta Yes

MSKCC CLL and
B-ALL

NCT00466531
and

NCT01044069
Yes No Retrovirus Truncated

CD28 SJ25C1 CD28 and CD3-
zeta Yes

BCM B-NHL or
CLL NCT00586391 No No Retrovirus

IgG1
CH2CH3
domains

FMC63
CD3 zeta vs.

CD28 and CD3-
zeta

Yes

COH Follicular
Lymphoma NCT00182650 Yes Yes Electroporation

IgG4 hinge
and CH2-CH3

domains
FMC63 CD3 zeta No

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



Jena B et al. Blood 2010;116:1035-1044

Vector systems to express CAR 
transgenes used in clinical trials



GD2-targeted CAR+ T cells in patients 
with neuroblastoma

Louis C U et al. Blood 2011;118:6050-6056

Antitumor activity and long-term fate of CAR+

T cells in patients with neuroblastoma



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

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



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

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



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

Porter et al., NEJM
2011: 365:725-33. 



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

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



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

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



Jena B et al. Blood 2010;116:1035-1044

Vector systems to express CAR 
transgenes used in clinical trials



Genetic modification and 
propagation of T cells



Selective outgrowth of CAR+ T cells 
on aAPC
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Mouse models – predictive?

• Infuse human CAR+ T cells into 
NOD/Scid/IL-2Rγ-/- (NSG) mice

• Does this predict for toxicity or potency?



1st generation vs. 2nd generation 
CARs



1st generation vs. 2nd generation 
CARs



Companion canine NHL



“Off-the-shelf” CAR+TCRneg T cells

TRAC:

Ex1
Ex2 Ex3 Ex4

CAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTGCAAAGCCC׀׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ 

GTTGTCACGACACCGGACCTCGTTGTTTAGACTGAAACGTACACGTTTGCGG

TRBC1:

Ex1
Ex2Ex3 Ex4

TRBC2:

Chr. 7q34

Chr. 14q11.2

Ex1
Ex2 Ex3 Ex4

Chr. 7q34

CGCTGTCAAGTCCAGTTCTACGGGCTCTCGGAGAATGACGAGTGGACCCAG

GCGACAGTTCAGGTCAAGATGCCCGAGAGCCTCTTACTGCTCACCTGGGTC
׀׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ ׀ 

TRBC-ZFN-1

TRBC-ZFN-2

TRAC-ZFN-1

TRAC-ZFN-2



“Off-the-shelf” CAR+TCRneg T cells

CD4 + CD8
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“Off-the-shelf” CAR+TCRneg T cells

PKH26 dilution
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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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