
REPROGRAMMING OF T CELLS TO 

NATURAL KILLER-LIKE CELLS 

UPON BCL11B DELETION 
 

 

 
A Dissertation submitted in fulfilment of the 

requirements for the degree of Doctor of Philosophy 
 

By Peng Li 
 
 

 

 
 

University of Cambridge, Queens’ College 

The Wellcome Trust Sanger Institute 

 

September 2010 



DECLARATION 
 
 
 
I hereby declare that this dissertation is the result of my own work and 

includes nothing which is the outcome of work done in collaboration, 

except where specially indicated in the text. None of the material 

presented herein has been submitted previously for the purpose of 

obtaining another degree. I confirm that this thesis does not exceed 300 

single sided pages of double spaced text, or 60,000 words.  

 

 

 

Peng Li 



 

For always being there, Dad, 

Mum, and Wife 



ACKNOWLEDGEMENT 

      First and foremost, I would like to express my deepest appreciation to my PhD 

supervisor, Dr Pentao Liu, for his patience and guidance in the projects. It was great 

to have such an enthusiastic mentor who is always full of creative ideas! I thank him 

for the challenging projects and the stimulating discussions we had in the lab. I would 

also like to thank Pentao’s lab members, past and present, for their advice, help, and 

encouragement. Special mention goes to Dr Shannon Burke and Dr Mariaestela Ortiz. 

Dr Shannon Burke taught me the basis knowledge of immunology, gave me enormous 

help in experiments, and improved my thesis. In particular, he helped me conduct the 

killing assays and lymphocyte transfer experiments in this thesis. Dr Mariaestela Ortiz 

taught me the basic knowledge of haematology and cell cultures and read my thesis. I 

thank Miss Juexuan Wang for providing a precious Bcl11b reporter mouse used in 

this thesis. I also thank Dr Song-Choon Lee for instructing me for my molecular 

biology experiments, Dr Su-Kit Chew, Dr Lia Campos, and Dr Dong Lu for the 

advice and help they have given me. I thank Yong Yu for taking care of my cells 

when I wrote my thesis.  

      Next, I would like to thank the members of the RSF for their excellent technical 

help in taking care of my mice. I also would like to thank Dr Bee Ling Ng and 

William Cheng for their help in flow sorting and FACS analysis. Additionally, I thank 

Dr. David Goulding for taking transmission electronic microscopy images in this 

thesis.  

      I was extremely fortunate to have external collaboration with Dr Francesco 

Colucci and Dr Shannon Burke on natural killer cell studies when they were at 

Babraham Institute. Their invaluable advice on my project and professional help with 

my experiments made everything went smoothly. I thank Dr. Xiongfeng Chen from 



National Cancer Institute for the microarray analysis in this thesis. I also want to 

thank Bertie Gottgens and Nicola Wilson from Cambridge Institute for Medical 

Research for teaching me ChIP assays. 

      I would love to thank Dr Brian Huntly, my secondary PhD supervisor, who gave 

me invaluable advice and help on my projects. I also would like to thank my thesis 

committee, Prof Allan Bradley, Prof Gordon Dougan, and Dr Christine Watson for 

our valuable meetings and thoughtful suggestions.  

      Last but not least, I would like to thank my parents Hanguo Li and Yuzhen Liu for 

their unconditional love and support throughout twenty years of my studies. I would 

also like to thank my wife, Yao Yao, for her understanding, encouragement, and for 

always being there to support me in these four years.  



REPROGRAMMING OF T CELLS TO NATURAL 

KILLER-LIKE CELLS UPON BCL11B DELETION 

Peng Li 
 

      T cells develop in the thymus and play critical roles in immunity. In mice, the 

transcription factor Bcl11b is required for fetal thymocyte development and for 

double-positive thymocyte selection. Using a Bcl11b-tdTomato knock-in reporter 

mouse, I found that Bcl11b was T-cell-restricted, and was expressed from very early 

thymocytes to all mature T cells.  

      To study the functions of Bcl11b in adult T cells, I used a Bcl11b conditional 

knockout mouse strain and demonstrated that Bcl11b was indispensable for early T 

cell development and for the maintenance of T cell identity. Deletion of Bcl11b 

caused early T cells to lose their T cell potential and differentiate to natural killer 

(NK)-like cells in T cell cultures. Similarly, acute loss of Bcl11b in committed and 

mature T cells resulted in the reprogramming from T cells to induced-T-to-natural 

killer (ITNK) cells in a cell-autonomous manner. ITNKs derived in vitro and in vivo 

exhibited many NK cell features, such as expression of NK cell surface markers and 

lysis of NK tumor targets. In addition, ITNKs derived in vivo were able to prevent the 

outgrowth of tumour cells in a mouse model.  

      The gene expression profiles of ITNKs were also similar to that of regular NK 

cells, and not their parental T cells. ITNKs upregulated NK cell-associated genes 

while downregulated T cell genes, suggesting that Bcl11b might regulate the T-

versus-NK cell fate choice. Furthermore, results from chromatin immunoprecipitation 

assays confirmed that the canonical Notch signaling directly regulated Bcl11b 

transcription level.  



      In summary, I showed that Bcl11b is essential for T cell development and is 

currently the only known transcription factor critical for the maintenance of T cell 

identity. Finally, it is believed that human ITNKs may potentially be exploited for 

therapeutic use in cancer treatments.  
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