
 

Exploring the Functional Effects of Leukemia-promoting Natural Mutations in the 
Tumor Suppressor Protein, BCL11B  

 
 
 

by 
Heather Wisner  

 
 
 
 
 
 
 
 

A THESIS 
 
 

submitted to 
 

Oregon State University 
 

University Honors College 
 
 
 
 
 
 

in partial fulfillment of 
the requirements for the  

degree of 
 
 

Honors Baccalaureate of Science in BioHealth Sciences  
(Honors Scholar) 

 
 
 
 
 

Presented March 30th, 2016. 
Commencement June 2016 

  



  



 
AN ABSTRACT OF THE THESIS OF 

 
Heather Wisner for the degree of Honors Baccalaureate of Science in BioHealth 
Sciences presented on March 30,2016.  Title: Exploring the Functional Effects of 

Leukemia-promoting Natural Mutations in the Tumor Suppressor Protein, BCL11B  
 

Abstract approved:_____________________________________________________ 

Theresa M. Filtz  
 

Thymocytes, cells of the thymus gland, undergo developmental steps that 

enable them to properly mature into T-cells. Errors in gene expression may lead to 

improper maturation and potentially mass proliferation of dysfunctional thymocytes, 

a hallmark of leukemia or lymphoma. BCL11B is a tumor suppressor and 

transcriptional regulatory protein that is required for thymocyte development. The 

partial loss of BCL11B leads to T-ALL in humans and lymphoma in mice. 

Functionally, BCL11B suppresses certain genes associated with blood cell cancers. 

This thesis focuses on characterizing the effect of leukemia-associated BCL11B point 

mutations on gene expression in thymocytes.  

We have two parallel hypotheses: first, we hypothesize that BCL11B 

expression levels or post-translational modifications will be different or modified in 

leukemia cells compared to normal thymocytes. Second, we hypothesize that 

BCL11B leukemia-associated point mutants will have altered capacity to regulate 

transcription of target genes relative to normal BCL11B.For these studies, we will 

create a site-directed mutant construct of Flag-tagged BCL11B containing a 

leukemia-associated mutation, Glycine592 to Serine, in a mammalian expression 

vector.  
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INTRODUCTION 
  

Acute lymphoblastic leukemia (ALL) is a malignant cancer characterized by 

the presence of immature lymphoblasts within the blood and bone marrow. It is the 

more common malignancy in children 2-3 years old, representing one third of all 

pediatric cancers (Zamecnikova, 2012). ALL cases can be classified into B- or T-

lineage as identified by the surface antigens expressed on B- or T-cells. Due to the 

growing field of molecular biology, information has increased to suggest new 

approaches for the diagnosis and treatment of ALL. Genetic abnormalities such as 

deletion or functional inactivation of tumor-suppressor genes have been identified in 

about 80% of pediatric ALL cases (Zamecnikova, 2012). Our lab is interested in the 

transcription of the tumor suppressor protein BCL11B and its involvement in T-cell 

acute lymphoblastic leuekmia (T-ALL). This thesis is an exploration into the 

functional effects of BCL11B and its leukemia associated mutations.    

 

T-Cell Acute Lymphoblastic Leukemia  

T-ALL accounts for 10-15% of pediatric leukemia cases (Ferrando, 2009). 

This aggressive hematologic cancer is currently treated with high dose chemotherapy 

(Peirs, 2014). The current chemotherapy option is life threatening and exposes 

patients to disabling toxicities. Therapy-resistant, refractory, T-ALL has been a major 

clinical challenge (Peirs, 2014). Relapse is common in T-ALL cases and is commonly 

treated with bone marrow transplants; however, these procedures can be risky. 

T-ALL is a result of excess proliferation of thymocytes that did not properly 

mature into T cells. Growth and maturation of T-cells is regulated by transcription 



 2 

factors that turn on and off genes in the thymus gland. T cells are important in 

creating the immune response in the body. Constant proliferation of mature T cells is 

responsible for maintaining an efficient immune system. Normally, thymocytes 

undergo developmental steps in the thymus that enable them to properly mature into 

T-cells which are released into the bloodstream as part of the body's immune defense. 

A rigorous winnowing process occurs in the thymus during the development of T 

cells. Thymocytes progress through developmental stages while proliferating and 

make leaps through particular stages known as “checkpoints”. Each checkpoint is 

associated with cell death in order to eliminate the cells that could create an 

autoimmune problem in the body or cells that don’t respond or are defective 

(Rothenberg, 2010). However, there are still some errors that may be expressed. 

Errors in gene expression lead to improper or incomplete maturation of the 

thymocytes. At each stage there is also a stimulus that signals the cells to continue to 

grow and proliferate, but the cells require controlled proliferation. Without control, 

mass proliferation of thymocytes with errors or mutations increases the risk of 

developing T-ALL. Mass proliferation of dysfunctional thymocytes in the 

bloodstream instead of mature T-cells is a hallmark of pediatric T-ALL.  

 

BCL11B 

BCL11B is a T-ALL tumor suppressor as well as a transcriptional regulatory 

protein required for thymocyte development (Kurosawa, 2013) in which we are 

interested. Bcl11b, also known as Rit1, radiation-induced tumor suppressor gene 1, or 

CTIP2, COUP-TF-interacting protein (Avram, 2000), located on mouse chromosome 
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12 (Wakabayashi, 2003) was first cloned and identified in the lab of our collaborator, 

Dr. Mark Leid.  BCL11B plays a crucial role in T-cell development, differentiation, 

and proliferation. BCL11B is required for the two major checkpoints in thymocyte 

maturation, β-selection and positive selection. Bcl11b upregulation is triggered by 

environmental signals in the thymus gland at the early DN2 stage of development 

(Ikawa, 2010). Without BCL11B in mice, thymocyte maturation stops at early stages 

and susceptibility to tumor formation greatly increases. BCL11B normally 

suppresses, i.e. turns off, at least one gene associated with the development of blood 

cell cancers, the ID2 gene, which controls the proliferation of T-cells. As noted 

above, mass proliferation of T-cells increases susceptibility of T-ALL. BCL11B can 

also be modified to change its interactions with the ID2 gene which will be discussed 

later. While partial loss, inhibition, or increased levels of BCL11B may all lead to the 

development of T-ALL in humans and lymphoma in mice at different stages of 

thymocyte development, disruption of a Bcl11b allele is most frequently associated 

with leukemogenesis (Huang, 2012, Go, 2012 & Kurisawa, 2013).  

 

Genetics of T-ALL 

Differentiation arrest is a typical feature of T-ALL. T-ALL cells have a 

genetic signature that shows correlations expression of certain oncogenes (Nagel, 

2011). As noted above, chromosomal translocations and mutations that lead to under-

expression of BCL11B are more prominent in T-ALL (Ikawa, 2010). 
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Thymocyte Development 

The process of thymocyte development is important to understand so that we 

may detect where abnormalities can lead to cancerous results. Thymocytes must go 

through developmental stages in order to mature properly into T cells. Maturation 

begins in the bone marrow with hematopoietic stem cells, and thymocyte precursor 

cells migrate to the thymus gland. Thymocytes go through four double negative (DN) 

stages (DN1 to DN4) in the thymus (Figure 1). The DN stages are characterized by a 

lack of CD4 and CD8 cell surface markers that are hallmarks of T cells.  During the 

double negative stages, various other cell surface markers change, allowing the cells 

to be tracked as they progress by assaying for the different surface phenotypes 

(Ikawa, 2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Thymocyte development. Created by E.V. Rothenberg, and modified by 
M. Leid and T. Filtz. 
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As shown in Figure 1, there are two major checkpoints in thymocyte 

maturation that are regulated by cell stimulation, β-selection and positive selection. 

The first major checkpoint, β-selection, transitions the cells from the DN3 stage to the 

DN4 stage, known as the pre-T cell stage (Wakabayashi, 2003). BCL11B expression 

is first seen in the DN2 stage. As demonstrated in knockout mice, BCL11B necessary 

for the cells to commit to the T cell lineage by advancing from DN2 to DN3. 

Expression of both CD4 and CD8 markers characterize the double positive (DP) 

stage. Before entering the DP stage, cells must pass through the β-selection 

checkpoint. β-selection, mediated by the pre-T cell receptor (TCR) complex, is a 

process that selects cells for the transition from the DN population to the pre T-cell 

stage. Thymocytes that cannot produce the components for pre-TCR remain in the 

DN stage of development or get shunted into the normally rare ɣδ T cell pathway 

(Haks, 1999 and Li, 2010). BCL11B is a key regulator of cellular differentiation in αβ 

T-cell lineage (Kastner, 2010). The αβ cell lineage has passed through the β selection 

checkpoint and expresses a mature T cell β receptor subunit.  

BCL11B is also required for the second thymocyte developmental checkpoint, 

positive selection. Positive selective is regulated by activation of the mature TCR on 

DP cells. Cells that are over-reactive to self antigens or under-responsive to activation 

are shunted to a cell death pathway. Winnowing at positive selective reduces 99% of 

the DP population. The survivors become CD4- or CD8-single positive (SP) cells 

which then move out into the bloodstream for final maturation (Rothenburg, 2010). In 

DP thymocytes, Bcl11b has been identified as a central regulator of genes associated 

with positive selection (Kastner, 2010). In DP cells, Bcl11b is speculated to hold cells 



 6 

at the immature state until factors can support differentiation, repressing premature 

and inappropriate gene expression (Kastner, 2010). 

Bcl11b deficiency affects the checkpoint for the DN population to proceed to 

double positive cells (Wakabayashi, 2003). Deficiencies can lead to a limited lifespan 

due to cell death, which is normally suppressed (Wakabayashi, 2003). Bcl11b-

deficient mice exhibit impaired thymocyte development around the DN3 to immature 

single positive stages because of an inability to rearrange gene segments (Ikawa, 

2010).  

 
Transcription factors 

Gene expression is specifically regulated by different transcription factors. 

Site-specific transcription factors are required for every stage of cellular 

differentiation, including T-cell (Tenen, 1997). Transcription factors bind to DNA 

and control whether associated genes are transcribed into RNA to be made into 

proteins. Transcription factors can aid or repress RNA polymerase II, the enzyme 

which transcribes DNA to RNA. Transcription factors also determine when cells can 

divide and proliferate. Regulation of transcription factor activity may occur after 

activation of cell signaling pathways by ligand binding or cell stimulation leading to 

post-translational modifications such as phosphorylation. Modification of a 

transcription factor may alter its inhibition or activation gene transcription.  

 

BCL11B structure and function 

BCL11B belongs to the C2H2 class of zinc finger transcription factors. Zinc 

finger domains are the DNA binding regions. Shown in blue on figure 2 are the zinc 
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finger domain regions along the linear sequence schematic of human BCL11B. 

Mutations identified within ZF2-ZF3 disrupt the amino acids required for the 

structural integrity of the domain to bind to the DNA (Gutierrez, 2011).  Deletion of 

the zinc finger domains 4-6 from BCL11B result in a lack of DNA binding 

(Gutierrez, 2011). A point mutation is one that affects one nucleotide in the DNA 

sequence resulting in an amino acid change. Most naturally-occurring point mutations 

in BCL11B in leukemia occur on the zinc finger domains 2 and 3. For our research, 

we will choose mutations that mimic BCL11B point mutations found in leukemia 

patients both within and outside zinc finger binding domains.  

The BCL11B gene is composed of four introns and exists in protein form as at 

least two splice variants composed of introns 1, 2, 3, 4 and 1, 3, 4, also referred to as 

“long” and “short” forms, respectively (Avram, 2000). In addition to zinc finger DNA 

binding domains, the protein has been shown to function in the context of the NuRD 

(nucleosome remodeline and deacetylation) complex, primarily as a repressor of gene 

transcription (Topark-Ngarm, 2006).  

 
 
Figure 2. Naturally occurring mutations in BCL11B. Figure from (Gutierrez, 2011) 
of a linear schematic of the naturally occurring mutations on BCL11B in samples 
from patients with T cell leukemia or established T cell leukemia cell lines. Most of 
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these point mutations have not been characterized in terms of how they alter BCL11B 
function. Orange arrows indicate the location of the G596S mutation. Zinc finger 
domains are indicated (ZN1-ZN6). Exons are numbered. 
 

Dysregulation of Transcription Factors  

Genes that encode for transcription factors are frequent targets for 

rearrangements in leukemia. Activation of transcription factor genes frequently 

occurs by chromosomal translocation to the vicinity of T-cell receptor genes, 

resulting in inappropriate expression of proto-oncogenes (Look, 1997). Proto-

oncogenes are precursors to oncogenes that contribute to cancer; they can cause 

signals that lead to uncontrolled division or avoid cell death. Dysregulation of 

transcription factors during T-cell differentiation could promote leukemogenesis 

(Nagel, 2011).  

 

Post Translational Modifications 

Protein activity needs to be altered in response to cell signals. Post-

translational modifications (PTMs) are a means to control function of proteins. These 

modifications, among many others, may commonly include glycosylation, 

sumoylation, phosphorylation, and ubiquitination. PTMs modify proteins after they 

have been translated, and can change the protein activity. In the case of transcription 

factors proteins, PTMs can change the regulation of target genes, causing them to be 

turned on and off. 
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Post Translational Modification Control of BCL11B  

PTMs have been shown to alter BCL11B in DP thymocytes after they have 

been stimulated, changing how BCL11B regulates a target gene, Id2 (Zhang, 2012). 

In unstimulated cells, BCL11B is prominently phosphorylated and represses the Id2 

gene. However, stimulation of DP thymocytes leads to a relative decrease in 

phosphorylation and increase in sumoylation of BCL11B that then activates the Id2 

gene (Zhang, 2012). Understanding how BCL11B’s modifications affect the Id2 gene 

is important because it may provide information on how BCL11B activity might be 

modified in leukemic cells with BCL11B mutations.  

Our lab previously studied the point at which DP cells are stimulated, to ask 

how BCL11B changes from repressing the Id2 gene to allowing it to be activated for 

a short time. To stimulate thymocytes, the lab used a combination of phorbol ester, 

phorbol dibutyrate, and calcium ionophore, A23187 (P/A), which together have been 

shown to activate the same cell signaling pathways that are turned on by TCR 

activation during positive selection. When DP cells are stimulated by P/A, Bcl11b is 

first increased in phosphorylation but then quickly dephosphorylated below basal 

levels. The dephosphorylation is important because it is required to allow Bcl11b to 

be sumoylated (Figure 3). The sumoylation attracts factors that cause activation of the 

Id2 gene such as the histone deacetylase and co-activator complex protein p300. It 

was found that Bcl11b and p300 both occupy the Id2 promotor region after 

stimulation (Zhang, 2012).  
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Figure 3: Relative phosphorylation and sumoylation of Bcl11b after stimulation 
of DP thymocytes: Shown are changes in the phosphorylation (pThr, red bars), 
sumo1 (SUMO1, blue bars) and sumo2 (SUMO2, green bars) sumoylation of 
BCL11B after stimulation by P/A treatment at the indicated time points. At 7 minutes 
Bcl11b is increased in phosphorylation relative to basal. At 30 minutes it is 
dephosphorylated below basal levels and then subsequently re-sumoylated to levels 
higher than basal by SUMO1 and SUMO2 peptides at 60 min. (Data from Zhang, 
2012. Figure courtesy of Walter Vogel.)   
 
 
 
LOUCY Cells 

LOUCY cells are a human T-cell line from a patient with T-ALL (Prokocimer, 1998). 

The transcriptional program of LOUCY cells shows a similarity to the transcriptional 

program of an early immature thymocytes (Peirs, 2014 and Anderson, 2014). Most 

LOUCY cells are found to be double negative for CD4 and CD8 (Xiaoshuang, 2014). 

These cells make a good model system for our purposes because they have no 

detectable mutation in BCL11B; both the alleles for BCL11B are normal in the 

LOUCY cells. Instead, LOUCY cells are missing a region that is upstream of the first 

coding exon in the MEF2C gene that contains numerous potential transcription factor 
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binding sites (Nagel, 2010). There is also a complex deletion at chromosome 5q at 

one allele resulting in ectopic expression of an oncogene involved in T-ALL (Nagel, 

2011). The morphology of LOUCY cells are round single cells growing continuously 

in suspension, seen in figure 4, (Prokocimer, 1998). 

 

Figure 4: Photomicrograph of LOUCY cells 
growing in suspension.  
 

NOTCH1 signaling 

There is a potential role of NOTCH1 as 

a molecular therapeutic target for the treatment 

of T-ALL (Ferrnando, 2009). The NOTCH1 signaling pathway, which seems to 

regulate BCL11B, is a major controller of T-cell differentiation (Kastner, 2010 & 

Nagel, 2011). The NOTCH1 cell surface transmembrane receptor receives signals and 

transmits them into gene expression changes in the nucleus. The NOTCH1 receptors 

are activated through cell-cell contact and interaction with cell a surface protein 

known as DELTA on neighboring cells. Activation of the NOTCH1 receptor by 

DELTA results in proteolytic cleavage of the intracellular domain, releasing a 

fragment known as NICD (Notch intracellular domain). Liberation of the NCID 

allows it to pass into the nucleus without the use of secondary messengers and 

regulate gene expression as a transcription factor (Ferrando, 2009). 

NOTCH1 signaling is important for the various developmental stages of 

maturing T-cells; it plays a vital role in progression through the early stages of 

thymocyte maturation (Ferrando, 2009). Mice with a deletion of NOTCH1 fail to 
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develop early T-cells as well as show abnormal B-cell development in the thymus 

whereas immunodeficient mice expressing the hyper-active form of NOTCH1 show 

abnormal T-cell development in the bone marrow and thymocyte proliferation, and 

fail to produce B lymphocytes (Tanigaki, 2007). 

Activating mutations of NOTCH1 lead to high signaling levels in over 60% of human 

T-ALLs (Ferrando, 2009). The exons coding for the N-terminal and C-terminal 

domains are the most frequent regions for mutations (Weng, 2004) leading to 

unregulated activation of the receptor and NICD. There are differences in the strength 

of the mutations which can account for differences in promoting T-cell proliferation. 

Signaling pathways that control the growth, proliferation and survival of T-ALL cells 

are impacted by the oncogenic NOTCH1 (Ferrando, 2009). 

 

METHODS 

Tissue Culture 

HEK-293T (Human Embryonic Kidney) cells were grown in Dulbecco’s Modified 

Eagle’s Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS), 100 

U/mL of penicillin and 100 µg/mL of streptomycin from Mediatech (pen/strep). 

When dividing for passage, HEK-293T cells were rinsed with 0.05% trypsin/EDTA 

and maintained at 20 – 80% confluency.  

LOUCY cells were grown in RPMI 1640 medium supplemented with 10% FBS, 

pen/strep, nonessential amino acids from Life Technologies (Carlsbad, CA), 0.5 mM 

sodium pyruvate, and 2.1 mM L-glutamate. Prior to passaging and expansion, 
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LOUCY cells were centrifuged for 10 min at 750 x g and re-suspended in fresh 

media.  Cells were maintained at concentrations of 3 x 105 to 3 x 106 cells/ml.  

All cell lines were incubated at 37°C in 5% CO2 humidified air in tissue culture 

flasks.  

 

LOUCY cell growth  

LOUCY cells, a thymocyte-like cell line, were grown in suspension in RPMI 1640 

media. The cells were at optimum density for harvest when they reached a cell count 

of at least 15 million per milliliter (mL). I found that the LOUCY cells had a stronger 

growth rate when they were kept a higher density of 23.5 million per mL. The cells 

were very sensitive to temperature change and significantly decreased in number 

when they were not kept at the 37°C. When the cells were split below 15 million, I 

observed that they would divide more slowly, suggesting that they may release 

factors that stimulate themselves to divide.  

 

Transfection protocol 

HEK-293T cells were plated into 10 cm tissue culture plates 24 hours prior to 

transfection at 50% confluency. A standard calcium-phosphate protocol was used for 

transfection (Zhang et al., 2012) in medium without antibiotics. 1.7µl of mutant DNA 

were used for each transfection with 2M calcium chloride and 120µl of 2X Hepes-

buffered saline (pH 7.08). Twenty-four hours following transfection, standard 

antibiotic-containing medium was replaced on the cells. Cells were allowed to 

incubate for another 24 hrs prior to harvest. In addition to the experimental groups, a 

mammalian expression vector containing GFP (pCDNA3-GFP) was transfected as a 
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control for expression efficiency. Forty-eight hours post-transfection, GFP-expressing 

cells were visualized with an inverted fluorescent microscope and a GFP filter set. 

Total and green-fluorescent adherent cells were counted at 20X magnification and 

compared to calculate percent transfection efficiency.  

 

Cell stimulation  

For stimulation of TCR-linked signaling pathways, cells were treated with phorbol-

dibutyrate (100 nM) and A23187 (500 nM), dissolved in DMSO vehicle (P/A), at the 

following time increments: 0, 7, 30 and 60 minutes.  

 

Cell lysis and immunoprecipitation  

HEK-293T cells were harvested using a quick denaturing protocol previously 

designed to preserve post-translational modifications (Zhang et al., 2012). Briefly, 

HEK-293T cells were collected by centrifugation at 2,000 rpm for 5 minutes and 

washed with 5ml of phosphate-buffered saline, pH 74, (PBS), re-centrifuged, and the 

cell pellet was resuspended in 400 µL ice-cold lysis buffer containing 20 mM Hepes 

pH 7.4, 200 mM NaCl, 50 mM NaP, 2 mM EDTA, 10% glycerol, 10 µM E64, 5 

µg/mL Leupeptin, 1 µg/mL pepstatin A, 100 µM PMSF, and 5 mM N-

ethylmaleimide to inhibit sumoylases. One percent SDS was added to the cell 

suspension and samples immediately dropped into a boiling water bath for rapid lysis 

and denaturation. Samples were boiled for 12 minutes followed by sonication (5 x 5 

sec bursts at 25% amplitude). The cell lysate was resuspended in 10X cell volume 

lysis buffer containing 1.1% Triton X-100 (IP buffer) to dilute the SDS prior to 

immunoprecipitation. Goat anti-BCL11B-Sepharose antibody-linked beads (25 ul/ml 
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lysate) were used to immunoprecipitate BCL11B by rotation overnight at 4°C. After 

immunoprecipitation, samples were rinsed 3 times with 0.5 mL IP buffer and the final 

pellet was resuspended in 20 µl of NuPage SDS sample buffer (Life Technologies) 

with 20 mM DTT. Each sample was heated to 95°C for 5 minutes to release 

immunoprecipitated proteins and loaded onto a 9% Bis-Tris PAGE gel (Quentmier, 

2009). For immunoprecipitation from LOUCY cells, cells were treated with P/A as 

described above and then diluted 1:3 into ice-cold RMPI 1640 media prior to cell 

collection by centrifugation for 5 min at 2000 x g. Cell lysis and immunoprecipitation 

proceeded as described above for HEK-293T cells and as illustrated graphically in 

Figure 5.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Steps in the immunoprecipitation procedure (schematic from 
www.activemotif.com). Cells were harvested as described and anti-Bcl11b antibodies 
pre-conjugated to Sepharose beads were incubated overnight with the cell lysates. 
Immunoprecipitates were washed and collected. Immunoblot analysis of the 
immunoprecipitated samples using antibodies specific for BCL11B and the PTMs of 
interest was performed.  
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Immunoblotting  

BCL11B protein expression levels were assessed by standard immunoblotting 

techniques after size separation of immunoprecipitates on a 9% Bis-Tris PAGE gel. 

Following electrophoretic transfer to nitrocellulose membrane, the membrane was 

immunoblotted overnight at 4°C with rocking with anti-sumo1 (1:2000 dilution, 

#32058 from Abcam), anti-phospho-Ser/Thr (1:2,000 dilution, #9386  from Cell 

Signaling), and anti-BCL11B (0.5 ng/µL, #25B6 from Abcam) primary antibodies 

followed by 1 hr incubation at room temperature with IRDye 800- and 680-

conjugated secondary antibodies including anti-rat red, 1:20,000 dilution, anti-rabbit 

green 1:5,000 dilution, and/or anti-mouse green 1:5,000 dilution. The immunoblot 

was then scanned by with a Licor Odyssey® Imager for fluorescence quantitation, 

and bands migrating at the expected molecular weights for Bcl11b were quantitated 

for fluorescence intensity using the Licor image analysis software.   

 

Stripping Protocol  

After samples were immunoblotted with anti-phospho-Ser/Thr antibodies, the 

immunoblots were rinsed three times for 15 min with shaking with a stripping buffer 

at pH 2.0 of 0.1M glycine, 1% SDS and 5 mM sodium bisulfate. The stripped blots 

were then re-probed with anti-sumo1 antibody (1:2000 dilution, ab32058 from 

Abcam) followed by secondary antibodies at dilutions noted above.  

 

DNA Plasmid  

A plasmid DNA construct containing the full-length sequence of wild-type BCL11B 

in a mammalian expression plasmid, pCIG that also encodes the GFP gene, was used 
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for creation of site-directed mutants (see Figure 6). Preparation of the plasmid vector 

for use in mutagenesis protocols of wild type pCIG BCL11B DNA was accomplished 

following transformation into DH5α competent bacteria using standard protocols 

(Ausubel, 1999), selection on kanamycin-resistant Agar plates, and a standard 

Qiagen® midi-prep column protocol for purification.  

 

 
Figure 6. Plasmid map of pCIG-BCL11B 
 
 
Site-directed Mutagenesis  

A glycine596-to-serine mutant of BCl11B (G596S) was constructed using the site-

directed mutagenesis QuikChange II kit from Stratagene employing the PfuUltra 

high-fidelity DNA polymerase for mutagenic primer-directed replication of plasmid 
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strands. The following primers were used for mutagenesis: 5’-TCC-ATC-ACC-TTG-

CTC-AGG-GCC-AGA-GCC-3’ and  5’-GGC-TCT-GGC-CCT- GAG-CAA-GGT-

GAT-GGA-3’ (Figure7). 125 ng of each primer was combined with 25 ng of wild-

type BCL11B cDNA in the pCIG plasmid vector. A PCR reaction was used to 

amplify the mutant sequence. Following amplification, the product was treated with 

Dpn I endonuclease and vector DNA containing the desired mutation was then 

transformed into XL1-Blue supercompetent cells (Agilent Technologies) for 

expansion using the manufacturer’s recommended protocol (see Figure 8).   

 

ATGTCCCGCCGCAAACAGGGCAACCCGCAGCACTTGTCCCAGAGGGAACTCATCACGCCA
GAGGCTGACCATGTGGAGGCTACCATCCTCGAGGAAGACGAGGGTCTGGAGATAGAGGA
GCCTAGCAGCCTGGGGCTGATGGTGGGAGGCCCCGACCCTGATCTACTCACCTGTGGCCA
GTGTCAGATGAACTTCCCGCTGGGGGACATCCTGGTTTTTATAGAGCACAAGAAGAAACA
GTGTGGAGGCCTGGGCCCCTGCTACGACAAGGTCCTGGACAAGAGCAGTCCACCTCCCTC
CTCTCGCTCTGAGCTCAGGAGAGTATCTGAGCCAGTGGAGATCGGGATCCAGGTCACCCC
TGATGAAGATGACCACCTACTGTCACCCACGAAAGGCATCTGTCCCAAGCAGGAGAACAT
TGCAGGTAAAGATGAGCCTTCCAGCTACATTTGCACAACATGCAAGCAGCCCTTCAACAG
CGCCTGGTTCCTGCTGCAGCACGCACAGAACACACATGGCTTCCGAATCTACCTGGAGCC
TGGGCCGGCCAGCACCTCGCTCACGCCCAGGCTCACCATCCCGCCACCGCTCGGGCCGGA
GACCGTGGCGCAGTCCCCACTCATGAATTTCCTGGGGGACAGCAATCCTTTCAACCTGCTG
CGCATGACGGGCCCCATCCTGCGGGACCACCCTGGCTTCGGTGAGGGCCGCTTGCCAGGT
ACGCCACCGCTCTTCAGCCCACCGCCACGCCATCACTTGGACCCACACCGCCTCAGTGCA
GAGGAGATGGGGCTCGTGGCCCAGCACCCCAGTGCCTTCGACCGAGTCATGCGCCTGAAC
CCCATGGCCATAGACTCTCCTGCCATGGACTTCTCCCGGCGGCTGCGAGAACTGGCCGGC
AACAGCTCCACGCCGCCGCCCGTGTCCCCAGGCCGTGGCAACCCTATGCACCGGCTGCTG
AACCCTTTCCAGCCCAGTCCCAAGTCCCCGTTCCTCAGCACGCCACCGCTGCCACCCATGC
CTGCGGGCACACCGCCACCGCAGCCGCCTGCCAAGAGCAAGTCCTGTGAGTTCTGCGGCA
AGACCTTCAAGTTCCAGAGCAATCTCATCGTGCACCGGCGCAGCCACACGGGCGAGAAGC
CCTACAAGTGCCAGCTGTGCGACCATGCGTGCTCGCAGGCGAGCAAGCTCAAGCGCCACA
TGAAGACGCACATGCACAAGGCGGGCTCTCTGGCTGGCCGCTCAGACGACGGGCTCTCAG
CTGCCAGCTCCCCTGAGCCGGGCACCAGCGAGCTGCCAGGTGACCTGAAAGCGGCCGATG
GCGACTTCCGCCACCATGAGAGCGACCCATCTCTGGGCCCCGAGCCTGAGGACGACGAGG
ACGAGGAGGAGGAAGAAGAGGAGCTGCTGCTGGAGAACGAGAGCCGGCCTGAGTCGAG
CTTCAGCATGGACTCGGAGCTGGGCCGTGGCCGCGAGAACGGAGGTGGCGTGCCACCGG
GGGTGGCGGGCGCAGGGGCTGCAGCTGCGGCTCTGGCGGATGAGAAGGCTCTGGCCCTG
GGCAAGGTGATGGAGGACGCAGGGCTGGGCGCACTGCCGCAGTATGGGGAGAAGCGGGG
CGCCTTCCTGAAGCGTGCAGGCGACACGGGTGATGCCGGAGCTGTTGGCTGTGGGGACGC
GGGTGCACCGGGTGCAGTGAACGGGCGCGGCGGGGCCTTCGCGCCAGGCGCAGAGCCCT
TTCCAGCTCTCTTCCCACGCAAGCCAGCACCGCTGCCCAGCCCTGGGCTCGGTGGTCCCG
CGCTGCACGCGGCCAAGCGCATCAAGGTGGAGAAAGACCTGGAGCTGCCACCTGCCGCC
CTCATCCCATCTGAGAACGTGTACTCGCAGTGGCTCGTGGGCTACGCAGCATCGCGCCAC
TTCATGAAGGACCCATTCCTGGGCTTCACGGATGCGCGCCAGTCGCCTTTCGCCACATCGT
CGGAACATTCCTCTGAGAACGGCAGCCTGCGCTTCTCAACGCCACCCGGGGACCTGCTGG
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ACGGCGGGCTGTCCGGGCGCAGTGGCACGGCGAGCGGGGGCAGCACACCTCACCTGGGT
GGTCCGGGTCCTGGGAGGCCGAGCTCCAAGGAGGGCCGCCGCAGCGACACATGTGAGTA
CTGCGGCAAGGTCTTCAAGAACTGTAGCAACCTGACGGTGCACCGGAGGAGCCACACCG
GCGAGCGGCCTTACAAGTGCGAGCTGTGCAACTACGCGTGCGCGCAGAGCAGCAAGCTC
ACGCGCCACATGAAGACGCACGGGCAGATCGGCAAGGAGGTGTACCGCTGCGACATCTG
CCAGATGCCCTTCAGCGTCTACAGCACCCTGGAGAAACACATGAAAAAGTGGCACGGTGA
ACACTTGCTGACTAATGATGTCAAAATCGAGCAGGCTGAGAGGAGCTAA 
 
 
Figure 7. Coding sequence of Bcl11b.The mutation target, the codon for glycine 596, 
is highlighted in red. The primers (a mixture of forward and reverse) used for 
sequencing confirmation are highlighted in yellow.  
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Graphic representative of the steps in a site-directed mutagenesis 
protocol (from Agilent Technologies QuikChange II protocol). Shown is a cartoon of 
the site-directed mutagenesis procedure used to create BCL11B that was mutated to 
contain a leukemia-associated point mutation (Gly596Ser) in a mammalian 
expression vector. Step 1: Annealing of mutagenesis primers. Step 2: Amplification 
of mutagenized and wild-type constructs with PfuUltra (HF) DNA polymerase. Step 
3: Dpn I endonuclease digestion of the non-mutated DNA strands, preserving the 
desired mutation. Step 4: Transformation of bacteria with mutagenized plasmid 
construct. 
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RESULTS AND DISCUSSION 
 
Post-translational modifications of Bcl11b in LOUCY cells 

LOUCY cells are a human T cell leukemia line that had been previously 

characterized as expressing Bcl11b without mutations in the coding sequence, unlike 

several other leukemic human T cell lines (Gutierrez, 2011). We sought to test the 

hypothesis that BCL11B post-translational modifications would be altered differently 

in a T cell leukemia cell line relative to normal developing thymocytes. We chose to 

use LOUCY cells as our model system due to the normality of the Bcl11b coding in 

these cells. Thus, any change in post-translational modifications would not be a result 

of alterations in the protein but likely a result in differences in the TCR-associated 

signaling pathways in the cells. We characterized the sumoylation and 

phosphorylation status of BCL11B in LOUCY cells after treatment with P/A for up to 

60 min to mimic stimulation of the TCR signaling pathways as described previously 

for wild-type primary thymocytes (Zhang, 2012). Our lab had previously shown that 

phosphorylation and sumoylation were kinetically altered over this time frame as 

described above in the Introduction section.  

Composite Ser/Thr phosphorylation (Figure 9) and sumoylation (Figure 10) of 

immunoprecipitated BCL11B is shown for LOUCY cells (6.4 x 106 cells per sample) 

after treatment with P/A over a 60 min time course. Shown for comparison is a 

sample of BCL11B immunprecipitated from unstimulated native mouse thymocytes 

(8 x 106 cells). We had previously shown BCL11B to be both phosphorylated and 

sumoylated in non-stimulated thymocytes under our conditions of low (2.5%) serum 

incubation for 4 hours prior to stimulation. From these blots, we see that both the 1-2-
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4 and 1-2-3-4 splice variants of Bcl11b are present in the LOUCY cells as the major 

fluorescent doublet bands at 130-135 kDa, similar to wild-type thymocytes as 

previously characterized (Zhang 2012). However, the expression levels of both splice 

variants in LOUCY cells are much lower relative to expression levels thymocytes 

(Figure 9C). Haploinsufficiency of BCL11B, presumably resulting in decreased 

overall expression, is associated with T cell leukemias as described in the 

Introduction section. We were not expecting a difference of BCL11B levels in 

LOUCY cells given that the gene locus was previously determined to be normal. We 

would like to further investigate the cause for reduced BCL11B levels in LOUCY 

cells relative to normal mouse thymocytes as a potential driver for leukemic 

transformation of these cells. It is known that mutation of Notch to liberate a 

constitutively active NICD may suppress BCL11B levels in leukemogenesis 

(Ferrando, 2009). An important consideration in all of these studies is that the level of 

BCL11B in normal human thymocytes is unknown. We are extrapolating in our 

studies from leukemic human thymocytes (LOUCY cells) to wild-type mouse 

thymocytes. It is quite possible that all of the differences in level and PTMs of 

BCL11B between LOUCY cells and primary mouse thymocytes are species specific 

and unrelated to the leukemic nature of the LOUCY cells. Still, the results are 

intriguing as haploinsufficiency of BCL11B resulting in reduced protein levels is 

associated with a significant subset of human T cell leukemias.  
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Figure 9. Phosphorylation of BCL11B in LOUCY cells following 
stimulation.: (A) LOUCY cells treated with P/A at time increments indicated were 
harvested to preserve post-translational modifications, and anti-Bcl11b-
immunoprecipitated samples separated by SDS-PAGE prior to immunoblotting for 
total Bcl11b (top panel, red) and Ser/Thr phosphorylated protein (middle panel, 
green). The overlay of total and phosho-protein immunoblots is at bottom (yellow). 
Migration of the molecular weight standard (130 kDa) is indicated at right. 
Fluorescence was detected using the Licor-Odyssey Imager. BCL11B 
immunoprecipitated from mouse thymocytes was run as a positive control for 
expression (+). (B) Quantitation of western blots shown in (A). Shown is the ratio of 
Ser/Thr phosphorylation of BCL11B -specific bands at 130-135 kDa to total BCL11B 
protein. (C) Quantitation of relative BCL11B expression per cell for LOUCY cells at 
0 min treatment compared to the thymocytes. Data shown is a representative of two 
experiments. 
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In regards to the post-translational modifications of BCL11B in LOUCY cells 

versus mouse thymocytes, phosphorylation of BCL11B is decreased in LOUCY  cells 

in comparison with the thymocytes, even after controlling for the decrease in total 

protein levels relative to the normal thymocytes (Figure 9B). The phosphorylation 

ratio of LOUCY cells compared to thymocytes was 0.43 with a range between 0.21-

0.66. Phosphorylation is significantly lower in LOUCY cells compared to thymocytes 

and is not changing with treatment.  

To examine the levels of sumoylation of Bcl11b in LOUCY cells, the anti-

phosphosite antibody was stripped from the membrane depicted in Figure 9 and 

reprobed with anti-sumo1 and anti-Bcl11b antibodies (Figure 10). Sumoylated 

BCL11B (Figure 10, green, middle panel) migrates more slowly than the major 

BCL11B splice variants at 125 - 135 kDa. These sumoylated species are significantly 

larger in size and migrant more slowly in SDS-PAGE gels due to covalent linkage of 

10 kDa sumo peptides that may be added in tandem to form large sumoylation chains 

and significantly affect protein molecular weight. The overlay of total BCL11B and 

sumoylated BCL11B is shown in yellow in Figure 10 (bottom panel). As seen 

previously, the sumoylated species are less abundant in the samples than non-

sumoylated. Of interest, sumoylated BCL11B species are increased in the LOUCY 

cells relative to levels seen in basal thymocytes (Figure 10B). The sumoylation ratio 

of BCL11B in LOUCY cells compared to mouse thymocytes average is 3 to 4 times 

greater. This result, although unanticipated, is consistent with our previous findings in 

stimulated mouse primary thymocytes in which sumoylation and phosphorylation 

appear to be mutually exclusive or at least regulated in opposition. In thymocytes, 
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when phosphorylation is increased by stimulation for 7 min, then sumoylation 

significantly decreases. Conversely, when Bcl11b is significantly decreased at 30 min 

post-stimulation, sumoylation levels recover. A repetition of this experiment in 

LOUCY cells (data not shown) did not show an increase in sumoylation with P/A 

treatment but did show overall more sumoylation in LOUCY cells than in 

thymocytes, again from 3 to 5 fold higher.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Sumoylation of BCL11B in LOUCY cells following stimulation. 
 (A) LOUCY cells treated with P/A at time increments indicated were harvested to 
preserve post-translational modifications, and anti- BCL11B -immunoprecipitated 
samples separated by SDS-PAGE prior to immunoblotting for total BCL11B (top 
panel, red) and sumoylated protein (middle panel, green). The overlay of total and 
sumo protein immunoblots is at bottom (yellow). Migration of the molecular weight 
standard (130 kDa) is indicated at right. Fluorescence was detected using the Licor-
Odyssey Imager. BCL11B immunoprecipitated from thymocytes was run as a 
positive control for expression (+).  
(B) Quantitation of western blots shown in (A). Shown is the ratio of sumoylated 
protein signal to total BCL11B from bands migrating between 130 and 200 kDa. 
Data shown is a representative of two experiments. 
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Unlike thymocytes, the post-translational modifications of BCL11B in 

LOUCY cells do not appear be kinetically regulated by P/A. Similarly to thymocytes, 

sumoylation of BCL11B appears to increase at 60 min post-treatment relative to basal 

levels but we were not able to reproduce this finding. Phosphorylation and 

sumoylation levels are only modestly changed at 7 and 30 min and not in the same 

pattern as seen in thymocytes. The significance of the overall increased sumoylation 

and blunted response to P/A in affecting the function of Bcl11b in leukemic cells is 

unknown but something that will be investigated in the future. We hypothesize that 

elevated sumoylation levels may be a result of chronic stimulation of the MAP kinase 

pathway in LOUCY cells as is seen in other cancerous tissues. Our previous data 

suggested that sumoylation was likely a precursor to ubiquitination and proteolysis by 

the lysosome so perhaps this is a cause of the overall reduced levels of Bcl11b in the 

cells.  

 

Bcl11b mutant expression in HEK-293T cells 

We hypothesized that leukemia-associated mutations of BCL11B as 

characterized by Gutierrez et al (2011) and depicted in Figure 2 would affect the 

regulatory activity and/or DNA binding specificity of BCL11B. To study the effects 

of BCL11B natural point mutations, we sought to use site-directed mutagenesis to 

create point mutations of Flag-tagged BCL11B corresponding to three leukemia-

associated mutations in different domains of the protein, both within and distant from 

DNA-binding zinc finger domains. We initially chose to make mutation primers for 

constructs containing the following mutations: Alanine360 to Threonine, Glycine596 

to Serine, and Arginine446 to Histidine. Bcl11b was previously cloned into a 
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bicistronic mammalian expression vector, pCIG (pCIG vector is a gift from Dr. 

Chrissa Kioussi), that contains a multiple cloning site under control of the CMV 

promoter, and the GFP cDNA sequence under control of the IRES promoter. The 

plasmid also contains a Kanamycin and Neomycin-resistance gene for selection. Of 

our three attempts to construct mutants, only one mutant, G596S was found to yield 

any colonies. We amplified these colonies, prepared DNA, and confirmed the full 

mutant sequence of BCL11B by standard DNA sequencing protocols with sequencing 

primers shown in Figure 7. We do not know why we were successful with 

mutagenesis of only one of the constructs. It is worth another attempt though as the 

bacterial transformation efficiency was very low after the Dpn I treatment, despite the 

use of super-competent bacteria.  

Following confirmation of the mutagenized sequence, we transfected HEK-

293T cells with wild-type BCL11B and mutant BCL11B constructs in the pCIG 

vector. Green fluorescence microscopy of live cells was used to detect GFP 

expression as a monitor of transfection efficiency, which was found to be 

approximately 42% (Figure 11). Expression of wild-type and mutant BCL11B 

constructs was detected by immunoblot with anti-BCL11B antibodies. As shown in 

figure 11, mutant construct was successfully expressed in the transfected cells. 
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Figure 11. Mutant and 

wild-type Bcl11b expression in 
HEK-293T cells. 
(A) HEK-293T cells were 
transfected with a pCIG vector that 
containing either wild type 
BCl11B-DNA (lane 1), mutant 
G596S BCL11B-DNA (lane 2), or 
pCDNA3-GFP (lane 3) as a 
negative control. Forty eight 
hours post-transfection, cells were 
harvested, BCL11B was 
immunoprecipitated and samples 
separated on 9% SDS-PAGE 
followed by immunoblotting with 
anti- BCL11B. Migration of the 
molecular weight standard 
(130kDa) is indicated at right. This is a representative blot repeated twice. 
(B) Efficiency of transfection of pCIG- BCL11B in HEK-293T cells was calculated 
as percent green fluorescent (shown) versus total adherent cells counted under 20X 
magnification (shown). pCIG- BCL11B is a bicistronic expression vector expressing 
BCL11B and GFP. 

 

Future Research 

Having constructed and shown expression of the mutant BCL11B DNA in 

HEK-293T cells, future research will be to investigate the function of mutant 

BCL11B compared to wild-type BCL11B at the known BCL11B regulatory site on 

the Id2 promoter. We will co-transfect wild-type or mutant BCL11B with an Id2 

reporter gene construct into HEK-293 T cells and assay for expression of the reporter 

gene.  
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