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Å Insufficient functional tumor-specific T cells
Å Deletion
Å Exhaustion/functional suppression 

(PD-1, CTLA-4, TGF-b, IDO, others)
Å Antigen or HLA loss on tumor cells
Å Inhibition of T cell migration

Local and Systemic Tolerance Mechanisms Prevent An 
Effective T Cell Response To Cancer

From Schreiber R, Old LO, Smyth MJ Science 2011

Multiple Mechanisms For Tolerance

Genetic Modification To Overcome Tolerance 

Å Introduce high affinity TCR or chimeric 
antigen receptor (CAR)-modified tumor-
reactive T cells

Å TCRsςtarget molecules involved in 
malignant transformation/progression

Å CARs ςHLA independent
Å Gene transfer enables control of the T cell 

subsets used for therapy 



Spacer

Features of chimeric antigen receptor (CAR) design 

Ligand Binding 

Signaling

Å CD19
Å CD20
Å GD2
Å Mesothelin
Å Folate R
Å ROR1
Å Others

Tumor cell surface
target molecules



Targeting the Lineage Specific CD19 Molecule on B-Cell Leukemia 
(ALL, CLL) and Non-Hodgkin Lymphoma

ü CD19 is expressed at all stages of B cell development until the mature plasma, and
is retained on malignancies that arise from various stages of B cell maturation
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Without Selection of T Cells ɀComposition of CAR -Modified T 
Cell Products Will Be Highly Variable

ü T cells are present in distinct subsets with different proliferative capacity/function
ü Frequency of T cell subsets varies dramatically in individuals (especially cancer patients)
ü Decline in telomere length with progressive differentiation of T cells which limits in vivo 

persistence



Phenotype of Infused 19-28zïTransduced T cells ïMSKCC Trial

Patient  CD4+ CD8+/5нуҌ/5нтҍ    /5нуҌ/5нтҌ CD62L+     CCR7+ CD25+CD4+Foxp3+ Days in culture
CLL-1 94 5 83.2 11.5 9.1 ND 1.2 17

CLL-2 96 5 86.1 6.1 15.5 ND 0.61 19

CLL-3 93 8 40.6 2 17.7 ND 2.4 18

CLL-4 99 0.7 86.9 5.9 34.4 ND 0.9 15

CLL-5 87 12 56.6 20.8 40 7.7 0.7 18

CLL-6 79 21 45.8 30.8 51.5 3.4 1.3 15

CLL-6  78.6 20.8 57 19.3 52 3.7 ND ND

CLL-7 58 27 41.3 13.5 63.4 1.1 1.2 15

CLL-8 91.5 8.5 81.7 9.1 33.1 19.6 ND 16

ALL-2 52 48 5.2 84.8  94.8 47.4 ND 13

Adapted from 
Safety and persistence of adoptively transferred autologous CD19-targeted T cells in patients with relapsed or 
chemotherapy refractory B-cell leukemias      Brentjens et al Blood, 2011



Naïve TCMTSCM TEM

Heterogeneity of T Cell Subsets ɀCD8 T Cells 
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CD161hi CD8+ T cells express genes associated with a type 17  transcriptional program  

and IL-17 production by CD8+ memory T cells is confined to this subset  

CD161hi CD8+ T cells express genes associated with a type 17  transcriptional program  

and IL-17 production by CD8+ memory T cells is confined to this subset  

CD161hi  vs TN CD161hi  vs CD161lo TEM



CD19 CAR Design To Facilitate Analysis of Cell Product Composition
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Truncated EGFR

FMC63

Wang et al Blood, 2011
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         Construction of truncated human EGFR (huEGFRt) with retention of 
Cetuximab binding epitope 

5ô TMD IVD IIILP 3ô

AA:1-22 310                           480                      620 646

GMCSFRss huEGFR domains

Signal sequence   
!

Erbitux ÅRetains Erbitux binding
ÅSelection and tracking of T cells



CD8+ Central Memory and Naive T Cells Modified With  A CD19 CAR Are Superior 
to Effector Memory T Cells in Eradicating Disseminated Lymphoma in NSG Mice
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