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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  T-cell receptor (TCR) in 
context of MHC



Immunotherapy options for B-lineage 
(CD19+) ALL and lymphoma

• T-cell therapy
• NK-cell therapy
• Antibody therapy 
• Immunocytokines
• Vaccination



CD19-specific CAR



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.
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Improve T-cell therapeutic potential
Improve persistence

• Proliferative potential
– Reprogramming culturing -environment
– Cytokines

• CAR
– 1st generation
– 2nd generation
– 3rd generation

• Type of T-cell
– Memory
– Naïve



Most clinically-effective T-cell 
therapies includes ex vivo antigen-

dependent proliferation
• Therefore develop culture systems ex vivo

that select for T cells that can sustain 
CAR-dependent proliferation



Sleeping Beauty Transposition
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Experimental design
Re-programming T cells in culture

IL-2
IL-21

Signal 3



Production of T cells expressing 
CAR



SB T-cell data
CD19-dependent cytotoxicity
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T cells killing tumor cells 
expressing CD19

Time lapse



CD19-specific T cells from 
umbilical cord blood
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Improve T-cell therapeutic potential
Improve persistence

• Proliferative potential
– Reprogramming culturing -environment
– Cytokines

• CAR
– 1st generation
– 2nd generation
– 3rd generation

• Type of T-cell
– Memory
– Naïve



CD19-specific CARs



Relative in vivo T-cell persistence



Relative anti-tumor effect



CD28 costimulation improves 
expansion and persistence of CAR+ T 

cells in lymphoma patients
J Clin Invest. 2011 May 2;121(5):1822-6



Signaling through chimeric CD28 
results in anti-tumor responses

Blood. 2010 Nov 18;116(20):4099-102.



Signaling through chimeric CD28 
results in anti-tumor responses

Blood. 2011 Aug 17. [Epub ahead of print]



Signaling through chimeric CD137 results in 
anti-tumor responses

VL VH CD8L 4-1BB CD3

TM

Sci Transl Med. 2011 Aug 10;3(95):95ra73
N Engl J Med. 2011 Aug 25;365(8):725-33.



Comparing clinical effects of CD19-
specific CAR+ T cells

Institute CD19+ 
Disease 

Clinical 
Trial.gov 

Gene Transfer 
Method 

Extracellular 
Scaffold 

scFv 
clone CAR Signaling 

Loss of 
normal B 

cells? 

U Penn CLL NCT01029366 Lentivirus CD8alpha FMC63 CD137 and CD3-zeta YES 

NCI Follicular 
Lymphoma NCT00924326 Retrovirus  FMC63 CD28 and CD3-zeta YES 

MSKCC CLL and B-
ALL 

NCT00466531 
and 

NCT01044069 
Retrovirus CD8alpha SJ25C1 CD28 and CD3-zeta YES 

BCM B-NHL or 
CLL NCT00586391 Retrovirus IgG1 Fc FMC63 CD3 zeta vs. CD28 and 

CD3-zeta YES 

COH Follicular 
Lymphoma NCT00182650 Electroporation IgG4 Fc FMC63 CD3 zeta NO 

 



NIH STRAP grant will compare

• Common pool of patients with CLL (one 
protocol)

• Admixture of 1:1
– T cells manufactured at MSKCC

• Signaling through CD28
– T cells manufactured at U PN

• Signaling through CD137



Improve T-cell therapeutic potential
Improve persistence

• Proliferative potential
– Reprogramming culturing -environment
– Cytokines

• CAR
– 1st generation
– 2nd generation
– 3rd generation

• Type of T-cell
– Memory
– Naïve



Which T-cell sub-population to 
genetically modify?



Improve T-cell therapeutic potential
Improve persistence

• Factors that influence persistence
– Recipient
– T cell



Manipulating…
• Recipient

– Lymphoablation
– Cytokines (supraphysiologic dosing)

• IL-2, IL-7, IL-15, IL-21
• T cells

– CAR
• Endodomains

– Cellular substrate
• Memory, “stem cell”, naïve
• “Bi-specific” T cells

– Co-stimulation for improved potency and homing
• Cytokines and receptors, chemokine receptors



Clinical application of SB system



Non-viral gene transfer

• DNA plasmids are less expensive to produce 
and require less sophisticated infrastructure 
compared with producing clinical grade 
recombinant retrovirus

• Facilitates design and redesign of CAR (other 
transgenes)

• Two transposons can be synchronously 
electrotransferred
– Produce CAR+ T cells and CAR+TK+ T cells for PET 

imaging (and conditional ablation)



Applied Cellular Therapy (ACT)

How the Cooper
explained it

How the technicians
heard it

How the post-docs
heard it

How the graduate
students heard it

How the faculty
heard it

How the project
was documented

How the project
was funded

How the patient
heard it

How the IRB
heard it

What the patient
really needed



Single integration of SB transposon

1 2 53 764 8

D C

CD19RCD28
     (50 ng)

RNaseP
 (50 ng)

3.07 kb
2.29 kb
1.97 kb

0.7 kb



Preclinical Integration Statistics



Absence of T-cell autonomous 
growth



Manufacturing T cells



Trial 
design

Principal Investigator = Dr. Partow Kebriaei

Time Line for IRB #2007-0635

Enrollment Venipuncture orLeukapheresis #1
(Steadystate)
to obtain PBMC to manufacture T cells
Within 30 days of signing consent
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CAR+ T-cell trials at MDACC

Trial Agent Preclinical NIH-OBA IND

ALL and 
lymphoma

Autologous CD19-
specific T cells  X Enrolling

ALL and 
lymphoma

Allogeneic CD19-specific 
T cells  X Approved

ALL and 
lymphoma

Allogeneic CD19-specific 
UCB-derived T cells  X Approved
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