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T-Cells and Disease  

•  HIV 
•  Non-hodgkin lymphoma 
•  T-cell exhaustion   
•  Autoimmune disorders 
•  Primary Immune disorders 
 

Maus MV, et al. (2014). Annu Rev Immunol 32:189–225. 



T-cell immunotherapy  
•  HIV  

–  CD4 is necessary for proper immune 
response and is necessary but not 
sufficient for HIV infection.  

–  CXCR4 and CCR5 are the main 
receptors implicated in HIV infection 

•  Cancer clearance 
–  PD1 receptor on the surface of 

chronically activated or exhausted T-
cells that can inhibit T-cell–mediated 
cancer clearance 

–  Immune cells boost cancer survival 
from months to years 

•  T-cells have shown low 
efficiency with most genome 
editing techniques 
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FACS analysis of cell populations 

Increasing amounts of RNP increase the amount of cells expressing 
low levels of CXCR4 



T7 endonuclease assay 



Mutations found in CXCR4hi vs CXCR4lo 



HDR template increases editing efficiency 



Mutation characterization by T7E Assay 
and restriction digest  



Deep sequencing of CXCR4 locus 

55% editing efficacy found via deep sequencing vs 33% found in the 
T7E assay 



Deletion and insertion and locations 



Probing nonspecific effects with PD-1 



Characterization of the mutations via 
T7E Assay and restriction digest 



Conclusions and Implications 
•  Using pre-complexed Cas9 ribonucleoproteins 

targeted genome editing in T-cells increased from 
1-5% to 40%  

•  20% knock-in efficiency with HDR templates 
(~1/3 of all editing events) 

•  Facilitates the use of target gene therapy in 
primary t-cells directly from the patient.  

•  PD-1 is already a validated target for 
immunotherapy  

•  Transient delivery of Cas9 


