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1. INTRODUCTION 
Broader us e of indiv idual cell t herapies are rest ricted by complex and expensive processes to 
manufacture a cell product that is  limited to single patient use. Re cent evidence suggests that T  
cell precursors can potentially be used for cell-based immunotherapy across MHC barriers( 1, 2). 
For an effective antitumor  therapy, T cell precursors could be genetically  engineered to target 
tumor-associated antigens without depending on MHC-based pres entation of antigen. The goal of 
this project is to extend the possibilities of c uring malignant states using the immune system. The 
overall objective of this application is to develop an effective ‘off the shelf’ T  cell precur sor-based 
therapeutic strategy tar geting prostate cancer . Based on studies in our and other laboratories we 
have hypothesized t hat genetically engineered T c ell precursors expressi ng chimeric antigen  
receptors targeting prostate spec ific membrane antigen (PSMA) ( 3) can be adoptively transferred 
to enhance tumor killing in prostate cancer-bearing recipients.  
 
2. BODY 
2.1 Engraftment of T cell precursors in the thymus: Ex viv o generated T cell precurs ors require 
thymic niches in order  to engraft into the thymus and mature into T cells. In the preclinic al studies 
conducted hitherto, these niches were creat ed by myeloblative r egimens followed by 
allo/syngeneic hematopoietic transplantation. Ho wever, solid tumors l ike prostate cancer  
commonly do not require treatment with allogeneic hematopoietic  cell transplantation. In order to 
make the ‘off the shelf’ immunotherapy  more clinically relevant, we would d evelop non-
myeloablative conditioning regimens  precluding the need of stem ce ll tran splants. In our initial 
experiments significant engraftment was ac hieved only with high dose total body irradiation (TBI)  
(Figure 1). We therefore standardized targeted irradiat ion of the thymic region and achieved up to 
15% T cell precursor engraftment in the thymus (Fig 1C). We then used a c onditioning regimen 
based on Cytoxan and low dose i rradiation through which up to 20% engraftment of T cell 
precursors was achieved (Fig 1D). 
 
2.2. Development of mouse models of human PSMA expressing tumors:  
The laboratory of Dr. Sadelain has engineered the mouse prostate cancer cell line RM1 to express 
human PSMA (RM1-PSMA). Using this cell line for tumor challenges in sublethally irradiated 
C57BL/6 mice, we have establis hed a pros tate cancer model that  results in t umor death 20 to 30  
days after challenge (Figure 2A). RM1-PSMA cells expressing luciferase are also available. These  
cells express luciferase that catalyzes oxidat ion of luc iferin, which can cause bioluminescence of  
the areas inhabited by the cells.  Visualization and quantification o f progressive tumor can be done 
over time using in vivo imaging systems (IVIS)(Figure 2B). 
 
2.3 Genetic engineering of hPSMA-specific T cell precursors.  
T-cell precursors can be engineered to stably express a chimeric antigen receptor (CAR) using  
viral vector s (Figure 3). The Pz 1 expression lentiviral vector wa s designed in our c ollaborating 
laboratory led by Dr. Michel Sadelain . T cell precursors were dev eloped in vitro from C57BL/6 BM  
derived HSCs using the OP9-DL1 cultur e system , as described above. Viral vectors were 
produced by tripartite transfection of 293 T cells with transfer genes (Pz 1), pCMV ΔR8.92, and 
pUCMD.G53 using 293 Transit (Mirius bio) . Vector  supernatants were concentrated by ultra-
centrifugation and 0.75-1.5 x 10 8 total TU used to transduce 5 x 10 5 T cell precursors (co-culture 
day 4–6) over 2 days  in tissue c ulture plates c oated with retronectin. Transduced cells were then  
expanded for an additional 14-21 da ys by OP9-DL1 co-culture. Transduction efficiencies of the T 
cell precursors were determined by flow cytometric analysis and were routinely in the range of 60% 
(Figure 3B).  
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3. KEY RESEARCH ACCOMPLISHMENTS 
1. Development of non-myeloablative c onditioning r egimens t o support T cell prec ursor-based 
therapy using irradiation to the thymic region and cyclophosphamide. 
2. Development of localized and disseminat ed prostate cancer model expres sing human PSMA in 
a non-myeloablative conditioning setting using RM1-PSMA model. 
3. Development of prostate cancer model where tumor burden can be vis ualized and quantifie d 
independent of survival using firefly Luciferase expressing RM1-PSMA. 
4. Optimization of transduction of T cell precursor with Pz1 expression vector. 
 
4. REPORTABLE OUTCOMES 
-None- 
 
5. CONCLUSION 
The beneficial effects of T cell precursors that  can be obtained from donors  independent of their 
MHC-match, lead to t he possibility of univer sal donors and “off-the-shelf”  use. Engineering T ce ll 
precursors to expres s tumor antigen-specif ic ch imeric antigen receptor  can potentially  enhanc e 
anti-tumor activity.  
 In the present study, we extend our previous  findings to prostate cancer, based on 
treatment regimens independ ent of myeloablation, which commonl y lead to significant  morbidity  
and mortality. This strategy would for the first ti me allow the us e of all ogeneic prostate cancer-
specific T cells that can be gen erated and stored for immediate “off- the-shelf” use. These studies  
are important not only in the c ontext of immunotherapy prostate cancer, which we specifica lly 
address, but also other solid tumors, which can be similarly targeted. In the event of successful 
outcome, this study  will be tak en up in clinical trials. In the ev ent of unexpected out comes, their 
reasons would be act ively pursued and tackled. This could leave an impact in the future strategies 
of cell-based immunotherapy. 
Implications and outlook: Within the planned schedule, we hav e worked t owards opt imizing our 
tumor model and non-myeloablative regimens for adopt ive transfer. These models will be further 
optimized t o adapt adaptive transfe rs with allogeneic T cell precursors. We have als o optimized 
transduction of T cell precursors  with CAR against hu man PSMA. We  will use these tools to test 
adoptive transfer of “off the shelf” T cell precurso rs express ing CAR targeting prostate cancer  
associated PSMA.  Subseque ntly, mechanisms fac ilitating and hindering ant i-tumor effects of this 
therapy will be drawn out, as outlined in the statement of work. 
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7. APPENDICES 
-None- 
 



8. SUPPORTING DATA 
Figure 1 
 

 
 
Figure 1: Engraftment of OP9-DL1 derived T cell precursors in the thymus. T cell precurso rs f rom B6 mice 
expressing Ly5.1 congenic marker (CD45.1) was transplanted into B6 (CD45.2) mice. The cells were transplanted with 
different conditioning strategies and the thymocytes and splenocytes of the recipients were analyzed 14 days following 
transplantation by flow cytometric an aylsis of CD45.1 (do nor) and CD45. 2 (re cipient) cells. (n =3-5/gp) (A ) No  
irradiation (B) 700 cGys i rradiation: single dose 6 h rs before transplant (C) 1100 cGys irradiation of the thymic re gion 
either 3 days or 3 days and 6 hours before transplant. (D) 20mg/kg Cytoxan with 3Gys TBI or 7 Gys irradiation to the 
thymic region as indicated. 
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Figure 2 

 
Figure 2: RM1-PSMA based mouse models of prostate cancer. (A) Disseminated  tumor: 750 RM 1-PSMA cell s 
were injected i.v. into C57 BL/6 mice. O ne cohort was tumor-inoculated 1 week before 700cGys TBI (purple) and he 
second on th e day of 70 0 cGy TBI (bl ack). (B) Localized tumor: 5000 RM1-PSMA cells expressing luciferase were 
injected s. c. into C5 7BL/6 mice.  T he mice were i njected i.p. with lucife rin a nd biol uminescence m onitored with a 
Xenogen IVIS system. Localized RM1 tumors could be visualized on Day 21 post tumor inoculation. 

Figure 3 

 
Figure 3: Genetic engineering of T cell precursors. (A) Scheme to transduce T cell precursors with Pz1 expression 
vectors (B) T he co -cultured T cells we re stain ed wi th idio-spe cific antibody  di rected to the analyzed 7 days po st 
transduction. 
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