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Outline 

1. Targeting CD19 with Chimeric Antigen Receptors (CAR) 

2. CAR Modification of Hematopoietic Stem Cells  
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Targeting CD19 with  
Chimeric Antigen Receptors 
• B-lineage NHL account for ~80% of pediatric NHL and    

~10% of childhood cancers (650 new cases/year) 
• Recurrent disease: less than 50% of chance of cure 
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2010;2010:956304. 
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     CD19: 
• Not present on HSC 
• Ablation is compatible w/ life 



Hypothesis: 
Development of persistent multilineage anti-leukemic effect 
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CAR-Engineered Specificity of HSC Progeny 
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VCN from myeloid cells in vitro 

Presenter
Presentation Notes
These are the diagrams of the vectors we used.  These are all Self Inactivating lentiviral vectors similar to those being used for current clinical trials in hematopoietic stem cell gene therapy at our institution.

In terms of the transgene, the first map represents the 1st generation CAR. 
The other 2 represent the 2nd generaion CARs.
The coding region for CD28 costimulatory molecule was from Laurence Cooper in Houston
The region coding for 41BB was from the June lab in Philadelphia.

We’ve shown that cells grown in vitro in a myeloid differentiation medium demonstrate transduction with the CAR at our clinical goal vector copy number of 0.5-1.5.
Using an antibody to the IgGFc portion of the CAR, we were able to show by immunofluorescence that we could detect the CAR on the surface of myeloid cells.
Finally we’ve also shown previously that proliferation and differentiation in vivo is not significantly affected by CAR transduction.




In vivo model of CAR Modification  
of Human HSC 

De Oliveira et al. Hum Gene Ther. 2013;24(10):824-39 
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Presenter
Presentation Notes
Our experimental design starts with Human CD34+ cells isolated from umbilical cord blood or peripheral blood.
We have modified HSC with 1st generation anti CD19 CAR, and CARs that also include the costimulatory molecules CD28 or 41BB.
Modified HSC were injected into NOD/SCID/gamma mice and they were allowed to engraft (about 12 weeks), without human cytokine stimulationBone marrow and spleen were analyzed for presence of modified blood cells of multiple lineages, and ex vivo cytotoxicity studies were done with these cells.
Finally we xenografted CD19+ Raji tumor subcutaeneously and monitored mice for tumor growth, again without human cytokine support  often used in mature T cell protocols.
.

200,000 for UCB, 1 mill for PBSC
Intrahepatic injection into NSG pups (or else they wont develop T cells)
CD45 cells and CAR 



Engraftment and CAR Expression in 
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Immunol Rev 2013;257(1):237-49 

CD33 CD19 CD56 CD4 CD8 

CD33 CD19 CD56 CD4 CD8 

Mock Spleen 

An
ti-

C
D

19
 C

AR
 1.2% 

0.0% 

20% 2.6% 

0.2% 

20% 10.5% 

11.7% 

11.7% 12.9% 

32.9% 

8.6% 2.4% 

14.5% 

19.7% 

An
ti-

C
D

19
 C

AR
 

CD19RCD28 Spleen 

2.2% 0.1% 

0.1% 

1.3% 1.0% 

20.5% 

0.8% 1.2% 

1.2% 

0.6% 1.5% 

34.0% 

2.0% 0.4% 

7.4% 

Presenter
Presentation Notes
After the 12 weeks post injection that we allowed for engraftment, NSG mouse spleens were analyzed by flow cytometry.
In this representative sample, these are all gated on human CD45+ cells only. The top row is from a mouse receiving mock transduced cells, and the second row is from a mouse who received 2nd generation CAR transduced cells. 
As you can see, we are able to show multilineage CAR expression in myeloid cells, NK cells, CD4+ and CD8+ T cells.
Interestingly we also see B cell aplasia in the CAR mouse compared to the Mock mouse, as you can see highighted.
 (((((with the exception of some CAR-modified B cells.)))))

Gated on CD45+
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Presentation Notes
To summarize data from all the mice treated so far, we are able to show that CAR transduced mice have similar humanization to Mock transduced mice on average. These numbers are better in the spleen perhaps because of the lymphoid predominance of cells there. 

Secondly, CAR transgene expresion was similar in mice injected with 1st generation and 2nd generation CAR, with expression rates of around 20%.

Finally, we still have more mice to analyze but preliminarily, the percentage of CD19+ cells is decreased in the spleen by more than 50% on average in the second generation CAR group compared with the Mock group. Interestingly we did not see a decrease in CD19+ cells in the 1st generation group. 

(((We think this may have to do with sampling the mice at different time points.)))

((Humanized model of NSG does Not the best model for NK)
Spleen is our mirror for the peripheral blood, and we had difficulty getting PB flow and pdata from the mice.

On average our humanization is simliar for our grafts
In the spleen there are a few more which is a hint that there are more lymphoid cells
We are till doing the analysis
Transgene expression is simila



0

20

40

60

80

100

120

0 50 100

%
 S

ui
rv

iv
al

 

Days 

NSG (8)
MOCK (12)
CD19R (16)
4-1BB (6)
CD28R (6)

CAR-modified HSC Elicit Survival 
Advantage Against CD19+ Tumor  



CAR Engraftment and Tumor Infiltration 
Determine Survival Advantage 

CD3 stained xenograft 

CAR stained xenograft 
10X Magnification 

** p= 0.0018 * p= 0.014 

Survival by % Tumor Infiltration by CD3+ and CAR+ Cells  

Survival advantage of  
higher engraftment of  
huCD45 and CAR+ CD3+ cells. **p=0.002 ***p=0.0009 

By %CD45+ By %CAR+CD3+ 
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Presentation Notes
Looking back at our non-surviving mice, we used immunohistochemistry staining to look at remaining tumor xenografts to see what factors affected the length of their survival. We found that tumor infiltration with either CD3+ or CAR+ cells was associated with a significant increase in survival.

In addition we analyzed all the mice by % humanization in bone marrow or spleen as well as % cells which were CAR+ CD3+ and both of these factors were significantly associated with survival advantage.



Naïve T cell: CD3+CD45RA+CD45RO-CD62L+CCR7+ 
Effector T cell: CD3+CD45RA+CD45RO-CD62L- 
T cell Effector Memory: CD3+ CD45RO+ CD62L- CCR7-  
T cell Central Memory:  CD3+ CD45RO+ CD62L+ CCR7+ 

CAR-expressing T cell Memory Subsets 

Presenter
Presentation Notes
We have started to do the analysis of T cell memory phenotypes in our mice, comparing non transduced T cells vs CAR transduced T cells in each mouse for the CD4+ and CD8+ fractions. 
We should expected that successful engineered specificity leads the T cells to proliferate and lead to development of memory subsets in the CAR modified cells only.

In our prelimiary analysis, we have some data that confirms this.
We found CAR +cells have more cells in the memory subsets, both effector memory and central memory.�This was especially true for the CD4 positive cells in our mice, but not as much for the CD8 which usually has lower numbers of memory phenotypes.
T effector Memory proliferates in response to antigen

(Non-GVHD mice only.)



Summary: 

• CAR-modification of HSC is feasible, does not impair engraftment 
and directs immune specificity 

• 2nd generation CAR determines anti-lymphoma protection and 
generates T cell memory phenotypes 

• Easy application in the clinical setting for patients requiring 
autologous stem cell infusion as standard of care. 

 

Summary and Next Steps 

Next steps: 

• Addition of Suicide Gene approaches 

• Regulatory steps and “first-in-human” studies 
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