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Modern CARs 
(aka second generation) 
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T cell activation 
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Brentjens et al, Nat Med, 2003 

19z1+ T cells expanded on CD19+CD80+IL15+ AAPCs 
eradicate established systemic Raji in SCID-beige mice 
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Potency - the importance of providing agonistic  
costimulation to  adoptively transferred T cells 

Brentjens et al., Nat Med, 2003 



Latouche, Nat Biotech, 2000 

Krause, J Exp Med, 1998 

Stephan, Nat Med, 2007 

Maher, Nat Biotech, 2002 
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“Embedded” CD28 costimulation potentiates NALM/6 rejectio  

ζ chain 

scFv 

     CD8 hinge + TM  
CD28 TM + IC 

Signal 1 Signal 1 

Signal 2 

19z1 19-28z 

 
 Maher, Nat Biotechnol, 2002 Brentjens, Clin Can Res, 2007 



19bbz-3-LNGFR 19bbz-4-LNGFR 19bbz-5-LNGFR 

19bbz-6-LNGFR 19bbz-7-LNGFR 1928z-LNGFR 

0.2 E6 CAR+ T cells; 0.5 E6 NALM/6 day -4   
Maud Condomines, Jason Plotkin 

All CARs within a given category are not equivalent…   



Latouche, Nat Biotech, 2000 

Krause, J Exp Med, 1998 

Stephan, Nat Med, 2007 

Maher, Nat Biotech, 2002 



COMPLEXITY OF COSTIMULATION IN T-CELL FUNCTION 

NATURE REVIEW IMMUNOLOGY, JUNE 2004, VOL 4 



scFv 

ζ Chain 

CD8 

CD28/CTLA4/CD80 and 4-1BB/4-1BBL in T cell activation 
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T cell-encoded CD80 and 4-1BBL induce auto- and 
transcostimulation, resulting in potent tumor rejection. 
Stephan et al., Nat Med, 13(12):1440-9, 2007.  
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Stephan, Nature Medicine, 2007 

PSMA-targeted CD80+4-1BBL+ T cells eradicate multi-focal PC3 tumors 

4-1BBL 

CD80 

Pz1 



 19z1+ CD80+ 4-1BBL+  

Superior potency of 1928z+4-1BBL+ T cells  
over 19z1+CD80+4-1BBL+ T cells 

days 

 1928z+ 4-1BBL+  

days 

1928z+4-1BBL+ 

19z1+4-1BBL+CD80+ 

days 

Maud Condomines 0.05 E6 T cells, 0.5 E6 NALM/6 day -4  



Latouche, Nat Biotech, 2000 

Krause, J Exp Med, 1998 

Stephan, Nat Med, 2007 

Maher, Nat Biotech, 2002 



CAR + CCR targeted T cells show enhanced dual-ag+ tumor killing 
but their reactivity is not restricted to co-expressed antigens 
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Chris Kloss 



Tumor selectivity in the absence of a tumor unique antigen 



* ** 
** 

Dual antigen-targeted, calibrated CAR/CCR signals 
enable specific tumor rejection 

Kloss, Nat Biotechnol, 2013 



Chimeric Antigen Receptors (CARs) 

Sadelain, Brentjens and Riviere, Cancer Discovery, 2013 
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scFv and signaling domain combinations in three CD19 CARs 

Davila, Oncoimmunology, 2012 
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Differences between CD19 trials 

• Different CARs  - scFv, epitope, affinity, signaling 

• Different enhancer promoter - expression level, silencing 

• Different T cell manufacturing – CD3±CD28, media, 
duration 

• Different cell product – cell dose, CD4/CD8 

• Different conditioning – CY vs CY/Flu vs bendamustine 

• Patient selection – chemosensitive, chemoresistant  

      



No conditioning 

CY conditioning 



Rapid and complete tumor elimination mediated by 19-28z T cells  

Brentjens, Davila, Riviere et al, Science Transl Med, 2013 

Patient 
ID 

Day of 
Treatment 

Total # 
IgH 

rearrangements 

Total # 
malignant  

IgH 
rearrangements 

MSK-
ALL01* 

-1: 
55: 

57,480 
15,925 

58 
0 

MSK-
ALL03* 

-5: 
         30: 

1,084 
0      

0 
0 

MSK-
ALL04 

-4: 
11: 
24: 
59: 

2,430,058  
2,407      
1,144        
995,563                                                                                                      

2,426,898 
1,316 
637 
0 

MSK-
ALL05* 

          -1: 
  8: 
29: 

3,307,494 
1,880           
8,270                                              

3,300,732 
0 
0 

MSK-
ALL06 

         -34: 
18: 
39: 

255,301     
5,429          
1,866,851 

174,698 
4 
0 



Diagram of the ERBB2-CAR vector (MSGV1-4D5-CD8-28BBZ) used in this trial is as shown on the top of the figure. As 
described in Materials and Methods section, patient PBMC were stimulated to induced T-cell division and then 
transduced with the CAR vector. Four days before cell infusion samples were removed for analysis of ERBB2-CAR gene 
expression by FACS (along with the CD3, CD4, or CD8 T-cell markers). CAR, chimeric antigen receptor; LTR, long 
terminal repeats; PBMC, peripheral blood mononuclear cell; scFv, single-chain Fv fragment. 

Morgan et al. Mol Ther 2010 

Third generation CAR – ERBB2-28BBζ  
Expression of the ERBB2 CAR  

 



Third generation CAR - CD20-28-BB-ζ  
Engraftment, persistence, and localization of modified T cells to tumor sites.  

Till B G et al. Blood 2012 

Engraftment, persistence, and localization of modified T cells to tumor sites. Quantitative real-time PCR was 
performed on genomic DNA harvested from study subject PBMCs collected before and at serial time points after T-
cell infusions, using primers specific for the transgene. CAR+ cells are shown as a percentage of total PBMCs for 
each of the treated patients over (A) the first month and (B) the first year. The same quantitative PCR assay was 
used to detect modified cells in genomic DNA harvested from surgically excised lymph nodes (C) or bone marrow 
aspirates (D) collected 24 to 48 hours after the third T-cell infusion. For patient UPN-03, 2 adjacent lymph nodes 
were excised and analyzed separately, and an additional bone marrow aspirate was performed 1 month after the 
third T-cell infusion. Data represent mean values (± SD) of at least 2 assays per time point, with each sample 
performed in triplicate. Arrows indicate infusions of genetically modified T cells; and black bar, the 14-day period of 
low-dose IL-2 injections. 

 



Davila et al, Oncoimmunology, 2012 
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